
Commission of the European Communities 

uciear science 
and technology 

The Community's 
research and development programme 

on radioactive waste 
management and storage 

Shared cost action 
ANNUAL PROGRESS REPORT 1987 

WJÆM2 
Report 

EUR 11482 





Commission of the European Communities 

nuclear science 
and technology 

The Community's 
research and development programme 

on radioactive waste 
management and storage 

Shared cost action 
ANNUAL PROGRESS REPORT 1987 

Edited by: 

J.M. Gandolfo 
Commission of the European Communities 

Directorate-General 
Science, Research and Developme 

1989 



Published by the 
COMMISSION OF THE EUROPEAN COMMUNITIES 

Directorate-General 
Telecommunications, Information Industries and Innovation 

L-2920 Luxembourg 

LEGAL NOTICE 
Neither the Commission of the European Communities nor any person acting on 
behalf of the Commission is responsible for the use which might be made of the 

following information 

Cataloguing data can be found at the end of this publication 

Luxembourg: Office for Official Publications of the European Communities, 1989 

ISBN 92-825-9298-7 Catalogue number: CD-NA-11482-EN-C 

© ECSC-EEC-EAEC, Brussels • Luxembourg, 1989 
Printed in Belgium 



FOREWORD 

This is the second Annual Progress Report of the European Community's 
1985-1989 programme of research on radioactive waste management and 
disposal, carried out by public organisations and private firms in the 
community under cost-sharing contracts with the Commission of the 
European Communities. 

The Council of the Ministers of the European Communities adopted the 
programme in March 1985 (1), considering : "The use of nuclear energy 
inevitably involves the production of radioactive waste; it is therefore 
essential to implement effective solutions to guarantee the safety and 
protection of man and the environment against the potential risks 
associated with the management of such waste". 

The Council also recognised that the 1980-1984 programme of research on 
radioactive waste management and disposal, which was the second of its 
kind, "has enabled a large amount of information to be obtained which it 
is advisable to complete and validate by the implementation of research, 
development and demonstration actions representing the real waste 
management and disposal conditions which can be expected in the 
future". The main publications relating to the results of this second 
programme are listed in reference (2), and the main results in 
reference (3). 

The 1985-1989 programme is therefore aiming at perfecting and 
demonstrating a system for managing the radioactive waste produced by 
the nuclear industry, ensuring, at the various stages, the best possible 
protection of man and the environment; its contents are as follows : 

A. WASTE MANAGEMENT STUDIES AND ASSOCIATED R & D ACTIONS 

TASK 1 : SYSTEMS STUDIES 
TASK 2 : IMPROVEMENT OF RADIOACTIVE WASTE TREATMENT AND CONDITION­

ING TECHNOLOGIES 
TASK 3 : EVALUATION OF CONDITIONED WASTE AND QUALIFICATION OF 

ENGINEERED BARRIERS 
TASK 4 : RESEARCH IN SUPPORT OF THE DEVELOPMENT OF DISPOSAL FACI­

LITIES; SHALLOW BURIAL AND GEOLOGICAL DISPOSAL STUDIES 
TASK 5 : SAFETY OF GEOLOGICAL DISPOSAL 
TASK 6 : JOINT ELABORATION OF RADIOACTIVE WASTE MANAGEMENT 

POLICIES 

B. CONSTRUCTION AND/OR OPERATION OF UNDERGROUND FACILITIES OPEN TO 
COMMUNITY JOINT ACTIVITIES (INITIALLY FOR THE THREE PROJECTS LISTED 
BELOW, BUT TAKING INTO ACCOUNT THAT ADDITIONAL PROPOSALS ARE LIKELY) 

PROJECT 1 : PILOT UNDERGROUND FACILITY IN THE ASSE SALT MINE (FEDERAL 
REPUBLIC OF GERMANY) 

PROJECT 2 : PILOT UNDERGROUND FACILITY IN THE ARGILLACEOUS LAYER 
LOCATED UNDER THE MOL NUCLEAR SITE (BELGIUM) 

PROJECT 3 : EXPERIMENTAL UNDERGROUND FACILITY IN FRANCE IN A 
GEOLOGICAL MEDIUM OF COMPLEMENTARY NATURE 



The Commission's participation to the cost of the programme amounts to 
62 Million ECU for its five years duration. 

The Commission is responsible for managing the programme. 

In this task, the Commission is being assisted by the Management and 
Co-ordination Advisory Committee "Nuclear Fission Energy - Fuel Cycle/ 
Waste Processing and Disposal" (see annex I). 

At the beginning of the 1985-1989 programme, the Commission issued a 
first call for research proposals dealing with tasks 2, 3, 4 and 5. 
Over 250 research proposals have been received at the closing date 
(15th June, 1985), trespassing in total several times the available 
budget, and only a fraction thereof could be accepted for negotiation. 
A second call for research proposals has been issued in 1986 with 
31st October, 1986 as a closing date, over 160 research proposals 
have been received and 146 contracts have been signed on the 31.12.1987. 

This report describes the work to be carried out under the research 
contracts already concluded before end of 1987, as well as the work 
performed and the results obtained. 

For each contract, the Paragraph C "Progress of work and obtained 
results" has been prepared by the contractor, under the responsibility 
of the project leader. The Commission wished to express its gratitude 
to all scientists who have contributed to this report. 

S. 0RL0WSKI 
Head, Nuclear Fuel Cycle Division 
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CHAPTER 1 
TASK No. 1; SYSTEM STUDIES 

A. Objective 
To characterise the various overall management schemes for some waste 

categories with a view to evaluating their feasibility and availability 
and optimising their radiological and economic features. 

B. Research topics dealt with under the 1980-1984 programme 
Studies on the evaluation and comparison of various management modes 

for two well defined categories of waste have been performed during the 
last programme: 
- Solid plutonium contaminated waste 
- Alcaline liquid wash waste, arising during spent fuel reprocessing 

operations. 

C. 1985-1989 programme 
The system studies carried out are related to three subjects: 

- Assessment of management alternatives for reactor waste 
- Assessment of management alternatives for hulls 
- Comparison of waste management implications of spent fuel disposal and 

reprocessing. 
Additionally, in order to allow comparison of management options with 

large differences in cost and radiation exposure, procedures are being 
developed to provide a rational base for comparative evaluations. In 
particular, two subjects are treated: 
- Comparative weightings for cost and radiological parameters in the 

assessment of radioactive waste management options 
- Accounting method of radiation doses due'to long-lived natural radio­

nuclides and daughters 

D. Programme implementation 
For the system studies, groups of contractors (six for reactor waste, 

five for hulls, and four for the reprocessing - direct disposal compari­
son) cooperate closely in assessing different possible management routes. 

16 contracts have been signed and the available information is listed 
thereafter. 
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ASSESSMENT OF DECONTAMINATION AND VOLUME REDUCTION TECHNIQUES FOR CLAD­
DING HULLS AND FUEL HARDWARE WASTES 

Contractor; CEN/SCK, Mol, Belgium 
Contract N°; FI1W-0123 
Working Period: November 1987 - March 1990 
Period Covered: November 1987 - December 1987 
Project Leader: Mr P. de Regge 

A. Objectives and Scope 
The objective is to contribute to the implementation of a joint study 

on management options for hulls and caps by drawing up two basic routes 
emphasizing the treatment/conditioning and packaging aspects. 

A management route is defined as each assembly of co-ordinated actions 
by which the management of hulls and caps from their production to their 
disposal is implemented. Usually, these actions comprise treatment, 
conditioning, packaging, interim storage, transport and disposal opera­
tions . 

The management routes treated by CEN/SCK are compaction/conditioning/-
packaging for the first route, and decontamination/cementation/packaging 
for the second route. 

B. Work Programme 
2.1. Waste characteristics and arisings. CEN/SCK participates in defining 

the reference waste composition. 
2.2. Drawing up of basic management routes. CEN/SCK will extensively 

define two basic routes for hulls and caps management as input data 
for the subsequent cost and radiological impact assessment. Basical­
ly, these two routes will comprise the following intermediate 
management steps :• 
Route No. 1: hulls compaction/conditioning/packaging/interim storage 
prior to geological disposal; 
Route No. 2: hulls decontamination/cementation/packaging/interim 
storage before disposal by shallow land burial. 

2.3. Sensitivity studies. Once the two basic management routes extensi­
vely described, sensitivity studies will be performed in order to 
determine the impact of some important parameters on: 
- the waste product characteristics and arisings; 
- the total volume of the treatment/conditioning facility buildings. 

2.4. Assessment of the occupational exposure. For the two basic routes of 
concern, the occupational exposure will be determined for routine 
operations including manual operations for repairs and maintenance. 
This will consist in calculating the annual individual dose and the 
collective dose for 30 years operation. 
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COMPARATIVE ASSESSMENT OF MANAGEMENT ALTERNATIVES FOR LWR WASTE 

Contractor; Belgatom S.A., Brussels, Belgium 
Contract N°: FI1W-0124 
Working Period: November 1987 - January 1990 
Period Covered: November 1987 - December 1987 
Project Leader: Mr C. Renard 

A. Objectives and Scope 
The objective is to contribute to the implementation of a joint 

study on management options for LWR wastes by drawing up one basic route 
emphasizing the treatment/conditioning and packaging aspects. 

A management route is defined as each assembly of co-ordinated 
actions by which the management of LWR wastes from their production to 
their disposal is implemented. Usually, these actions comprise treatment, 
conditioning, packaging, interim storage, transport and disposal opera­
tions . 

Belgatom will take care of a basic management route corresponding to 
Belgian concepts and practices. 

B. Work Programme 
2.1. Definition of primary waste inventories. Belgatom will define 

reference primary waste inventories resulting from normal operation 
of 900 MWe PWR's including: 
- gaseous wastes 
- liquid wastes (concentrates, sludges, ion exchange resins, decon­
tamination liquors) 

- filters 
- technological solid wastes. 

2.2. Definition of discharge limits, waste acceptance criteria and 
transport regulations. Discharge limits for the release of gaseous 
and liquid effluents into environment (inland site) will be propos­
ed. As for waste acceptance criteria for disposal, it will be made 
use of the regulations already fixed or envisaged for shallow land 
burial in Belgium. 

2.3. Drawing up of the basic management route. Belgatom will define one 
basic management route for reactor wastes according to the Belgian 
practices, considering a 20 GWe nuclear park (100% PWR's) and 
grouping of reactors by 4 units. The description of the basic 
management route will be sufficiently detailed to subsequently 
enable their costing and the assessment of their related occupa­
tional exposure. 

2.4. Sensitivity studies. Once extensively described the basic management 
route, sensitivity studies will be performed in order to determine 
the Impact of some important parameters on: 
- the conditioned waste product characteristics and quantities; 
- the major cost components. 

2.5. Assessment of radiological impact. For the basic management route, 
occupational exposure and radiological short-term impact to the 
population, both individual doses to critical groups and collective 
doses will be estimated. 
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COST EVALUATION OF ALTERNATIVE MANAGEMENT SCHEMES FOR LWR WASTE 

Contractors : 
Contract N* : 
Duration of Contract: 
Period Covered ' : 
Project Leaders : 

TASK Ricerca & Sviluppo S.r.l. - Kraftanlagen AG 
FI1W-0125 
from 01.10.87 to 31.12.89 
from 01.10.87 to 31.12.87 
G. THIELS (TASK R&S), F. STENERSEN (KAH) 

A. OBJECTIVES AND SCOPE 

A joint strategy study is being performed to assess a number of 
schemes for the treatment, conditioning, packaging, interim storage, 
transport and disposal of LWR wastes on the basis of economic and 
radiological criteria. In this context, TASK R&S and KAH are contributing 
towards the costing of five basic management routes and their variants 
evolving from the sensitivity studies. 

The scope of the work is to assess the capital and operating costs of 
the various unit operations incorporated into each basic management scheme 
on the basis of the detailed process descriptions provided by the other 
participating organisations. Moreover, the plant and transport costs will 
be actualised to the operational start-up date of the plant utilising an 
appropriate economic assessment method, finally yielding a cost per unit 
volume of primary waste treated. The costing of the waste disposal itself 
does not form part of the study. 

During the second phase of the work, TASK R&S and KAH will contribute 
to the sensitivity studies. Their aim is to evaluate the impact of 
different basic parameters (e.g. discharge limits, process variables, 
duration of interim storage, plant capacity) on the overall management 
costs. 

B. WORK PROGRAMME 

2.1 Scope of the programme 

2.2 Cost evaluation 
2.2.1 List of possible intermediate management stages 
2.2.2 Cost assessment procedure 
2.2.3 Results 
2.2.4 Sensitivity studies 

O. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

To perform the cost evaluation, a procedure is being elaborated, which 
consists of: 

Determination of the various elements entering into the capital and 
operating costs of each management option; 

- Actualisation of the costs and their conversion into an annual cost 
per unit volume; 

- Scaling of costs with changing plant capacity. 
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COST EVALUATION OF ALTERNATIVE MANAGEMENT SCHEMES FOR ZIRCALOY HULLS 

Contractors : TASK Ricerca & Sviluppo S.r.l. - Kraftanlagen AG 
Contract N° : FI1W-0126 . 
Duration of Contract: from 01.10.87 to 31.12.89 
Period Covered : from 01.10.87 to 31.12.87 
Project Leaders : G. THIELS (TASK R&S), F. STENERSEN (KAH) 

A. OBJECTIVES AND SCOPE 

A joint strategy study is being performed to assess a number of 
schemes for the treatment, conditioning, packaging, interim storage, 
transport and disposal of LWR hulls and caps on the basis of economic and 
radiological criteria. In this context, TASK R&S and KAH are contributing 
towards the costing of five basic management routes. 

The scope of the work is to assess the capital and operating costs of 
the various unit operations incorporated into each basic management scheme' 
on the basis of the detailed process descriptions provided by the other 
participating organisations. Moreover, the plant and transport costs will 
be actualised to the operational start-up date of the plant utilising the 
"Present Worth" method, finally yielding a cost per unit volume of primary 
waste treated. The costing of the waste disposal itself does not form part 
¡of the study. 

During the second phase of the work, TASK R&S and KAH will scale the 
costs for plant capacities ranging from 6 to 60 GW(e). 

B. WORK PROGRAMME 

2.1 Scope of the programme 

2.2 Cost evaluation 
2.2.1 Management options to be costed (provisional) 
2.2.2 Cost assessment procedure 
2.2.3 Results 
2.2.4 Cost scaling 

Ô. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

To perform the cost evaluation, a procedure is being elaborated, which 
consists of: 

Determination of the various elements entering into the capital and 
operating costs of each management option; 

- Actualisation of the costs and their conversion into an annual cost 
per unit volume; 

- Scaling of costs with changing plant capacity. 
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COST AND RADIOLOGICAL IMPACT OF REACTOR WASTE IN BELOW-GROUNDS VAULTS 

Contractor: Initec S.A., Madrid, Spain 
Contract N"; FI1W-0127 
Working Period; December 1987 - May 1989 
Period Covered; December 1987 
Project Leader: M. Sanchez Delgado. 

A. Objectives and Scope 
As part of the joint study aiming at assessing management routes on 

the basis of economic and radiological criteria, INITEC will focus on the 
cost and radiological impact assessment for the final disposal phase of 
reactor wastes in below ground vaults. 

The main goals of this project are: 
- To determine the radiological impact both short-term and long-term 

associated to a storage facility of the below ground type for reactor 
wastes. The following main release pathways will be taken into acc­
ount: ground water migration of radioactive elements, surface water 
releases and atmospheric releases. Three different stages will be 
considered in the life of the installation: operation of the facility, 
institutional control phase and free use of the land after termination 
of the license. Different scenarios will be assumed for each of the 
different stages, including normal operation scenarios as well as 
accidental scenarios. 

- To determine the radiological burden to the facility operators. 
- Cost assessment related to the disposal of LWR waste products in below 

ground vaults, including capital and operating costs. 

B. Work Programme 
2.2. Waste acceptance criteria will be established in terms of specific 

activity limits, matrix types, leaching rates, mechanical proper­
ties, drum sizes etc.. so as to accomplish protection goals for the 
public. 

2.3. Drawing up of storage facility layout and description of the opera­
tions to be carried out (sorting of the waste products, waste 
conditioning provisions, general layout etc. ...) as detailed as 
needed for the cost and radiological impact assessment. 

2.5. The impact of the package type (retrievable or not) on the volumes 
of waste to be disposed of will be assessed, as well as the impact 
of varying both the-volumes and categories of LWR wastes. 

2.6. A cost assessment related to disposal of LWR waste products in below 
ground vaults will be carried out, including a relationship between 
disposal cost and quantities of various categories of waste pro­
ducts, and scaling cost for variations of the nuclear park size. 

2.7. The occupational exposure (annual individual dose and collective 
dose) will be determined for normal and abnormal disposal opera­
tions, for the latter case expressed as probability of occurrence, 
for each working place and 30 years of operation. 

2.8. The radiological impact to the public will be assessed and indivi­
dual and collective doses will be calculated. The disposal site 
environment will be defined as well as pathways and scenarios 
considered. 
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DERIVATION OF WEIGHTING FACTORS FOR COST AND RADIOLOGICAL IMPACT FOR USE IN 
COMPARISON OF VASTE MANAGEMENT METHODS 

Contractor : National Radiological Protection Board, Chilton, Didcot, UK 
Contract No. : FI1W-0128 * 
Duration of contract : 1 August 1987 - 31 December 1989 
Period covered : 1 August 1987 - 31 December 1987 
Project leader : Dr A D Wrixon 

A. OBJECTIVES AND SCOPE 
Methods of assessing the radiological impact of waste management 

options have reached the stage where it is possible to make detailed 
estimates of the doses and risks to workers and the public and, in 
principle, to quantify the uncertainties in these estimates. It is also 
possible to quantify the direct financial costs of waste management. 
However, much less progress has been made on devising ways of weighting 
financial costs, social costs and the various components of radiological 
impact so that comparisons can be made between alternative waste'management 
options, on a rational and well-defined basis. 

The objectives are to develop a methodology for devising weighting 
factors for the various components of radiological impact, financial costs 
and social costs of waste management methods and to demonstrate the 
methodology by applying it in an example comparison of waste management 
options. 

The research is being carried out jointly by the National Radiological 
Protection Board (NRPB) and the University of Surrey Psychology Department, 
acting under sub-contract to NRPB. 

B. WORK PROGRAMME 
2.1 Identification of the components of financial costs and radiological 

impact for which weighting factors are to be devised. 
2.2 Identification of types of social costs which need to be considered 

via investigation of the criteria used by experts and decision makers, 
and of public attitudes, and review of methods of taking these social 
costs into account. 

2.3 Development of a method for deriving weighting factors for the 
components of financial cost, radiological impact and social cost, and 
demonstration of the method. 
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COMPARISON OF WASTE MANAGEMENT ASPECTS OF DIRECT DISPOSAL OF SPENT FUEL 
AND REPROCESSING 

Contractor: National Radiological Protection Board, Chilton, UK 
Contract No.: FI1W-0129 
Duration if contract: November 87 - December 89 
Project leaders: M D Hill, S F Mobbs (NRPB), and R Dodds (BNFL) 

A OBJECTIVES AND SCOPE 
The overall aim of the whole joint project is to compare, on the 

basis of the costs and radiological impact of the management and disposal 
of all the associated wastes, reprocessing of PWR fuel with its direct 
disposal by emplacement in a deep geological formation on land. For the 
reprocessing case, the wastes to be considered include gaseous and liquid 
effluents discharged routinely during reprocessing, solid low and 
intermediate level wastes arising at the reprocessing plant, and 
vitrified high level waste. The latter will also be assumed to be 
disposed of by emplacement in a deep geological formation. The study 
will include an analysis of the sensitivity of the results to variations 
in key assumptions, such as the time for which spent fuel is stored prior 
to reprocessing. 

Radionuclide inventories will be provided for all the wastes arising 
from reprocessing, and estimates will be made of the costs of management 
and disposal of these wastes based on UK experience and studies. 
Vitrified high level waste will be assumed to be emplaced in a granite 
formation and solid low and intermediate level wastes in an intermediate 
depth repository in a clay formation. The radiological impact on the 
public of the management and disposal of all reprocessing wastes, and of 
direct disposal of spent fuel in a granite formation, will be assessed. 
The cost of direct disposal of spent fuel in a granite formation will 
also be estimated. . 

B. WORK PROGRAMME 
The study will be carried out jointly by the National Radiological 

Protection Board (NRPB) and British Nuclear Fuels pic (BNFL), acting 
under contract to NRPB. BNFL will be responsible for specifying the 
radionuclide content of all wastes and the design of waste treatment and 
storage facilities, together with estimates of financial costs. NRPB 
will carry out the assessments of radiological impact. 

2.1 Direct Disposal of Spent Fuel 
The quantity of fuel to be considered will be that arising in a 

hypothetical 20 GW(e) reactor park, consisting of PWRs, over a period of 
30 years. The fuel will be assumed to be stored in a specifically : 
constructed facility, prior to packaging and disposal in a granite 
formation. The type of packaging assumed will be typical of those under 
consideration in countries with large research programmes on spent fuel 
disposal in granite. The financial costs of packaging, transport and 
disposal will be estimated. The components of radiological impact which ': 

will be calculated will be: individual and collective doses to the public 
during routine packaging; transport and disposal operations; risks to 
individuals in the post-disposal period; collective doses to local, 
regional and global populations in the post-disposal period, as a 
function of time and level of individual dose. The probability of 
occurrence of collective doses will also be considered. All the 
radiological impact calculations will be carried out using existing 
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models. For the post-disposal period, care will be taken to ensure 
consistency with the methods, models and data used in the PAG1S project 
and results will be given separately for naturally occurring 
radionuclides. 
2.2 Reprocessing . 

The quantity of fuel considered will be the same as that assumed in 
the assessment of direct disposal. Reprocessing will be assumed to occur 
5 years after discharge of fuel from the reactor, and vitrification to 
occur after a period of several years storage of the liquid high level 
waste. The vitrified waste will be assumed to be stored for 50 years 
prior to disposal in a granite formation. 

Detailed radionuclide inventories will be provided for all wastes, 
and financial costs will be estimated for all of the waste management 
operations involved, ie, treatment of liquid and gaseous effluents 
arising during reprocessing and vitrification; immobilisation, packaging 
and disposal of low and intermediate level wastes arising during 
processing and vitrification; storage of liquid and vitrified high level 
waste; transport and disposal of vitrified high level waste. For all of 
these operations, individual and collective doses to workers and the 
public will be calculated, including doses form potential accidents. 
Radiological impact in the post-disposal period will be calculated using 
the same general method as for disposal of spent fuel, again ensuring 
consistency with previous PAGIS work and on-going PACOMA studies. 
Vitrified waste will be assumed to be disposed of in a granite formation. 
Low and intermediate level waste will be assumed to be disposed of in a 
deep clay formation. 
2.3 Sensitivity Analysis and Additional Calculations 

The sensitivity of the results of the cost and radiological impact 
assessments to variations in key parameters and assumptions will be 
investigated. The variations considered will include: 
i) quantity of spent fuel to be disposed of or reprocessed; 
ii) delaying reprocessing for at least 30 years; 
iii) varied periods of storage of spent fuel and vitrified high level 

waste prior to disposal. 
In this part of the work, all the results of the radiological impact 

calculations by NRPB and other contractors will be reviewed in the light 
of the requirements for the comparison between direct disposal and 
reprocessing, and any additional calculations which are necessary will be 
undertaken. 
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BRAWING-UP OF MANAGEMENT ROUTES FOR REACTOR WASTE BASED ON INDUSTRIAL 
PRACTICES IN ITALY AND THE F.R.G. 

Contractors : GNS, Essen, F.R.G. and FRAMATOME, Paris, France. 
Contract N° : FI1W - 0130 
Duration of contract : from January 1988 to April 1990 
Period covered : December 1987 
Project Leaders; K. Janberg, Y. Huet. 

A. OBJECTIVES AND SCOPE 
During the last years, reactor waste management practices have taken 

advantage of many improvements as far as processes, organization and safety 
are concerned. Within the framework of the EC programme, GNS and FRAMATOME 
take part in the present joint study the purpose of which is to 
characterize various overall management schemes resulting from these new 
developments. The complete describing and analysis of each scheme will 
permit to evaluate its feasability and availability and optimizing its 
radiological and economic features. 

The assessment of the different european management alternatives will 
make up basic data for the study. The identified schemes will be applied 
to a hypothetical 20 GWe reactor park consisting of light - water cooled 
reactor (PWR's and BWR's) and to low and intermediate radioactive waste 
issued from normal operating. After having analysed the base-case, 
sensitivity analysis will be carried out varying the most important 
parameters such as disposal criteria, waste characteristics, size of the 
nuclear park and discharge limits acting both on cost and radiological 
impact. 

GNS and FRAMATOME have taken charge of providing the assessment of 
German and Italian practices. Both of these management routes will comprise 
waste inventories, regulations, treatment,conditioning,packaging, interim 
storage, transport and final disposal operations, cost evaluations and 
radiological impact to workers and public. Sensitivity studies will be 
then performed. 

B. WORK PROGRAMME 
2.2. Definition of typical primary waste inventories resulting from normal 

operations of PWR's and BWR's. 
2.3. Definition of discharge limits, waste acceptance criteria and 

transport regulations. 
2.4. Drawing up of basic management routes taking into account treatment 

and conditioning variants. 
2.5. Sensitivity studies on each basic management route. 
2.6. Assessment of the related occupational exposure. 
2.7. Assessment of the related radiological impact to the public (short 

and long term). 

In this connection, FRAMATOME/GNS will take in charge partly tasks 
2.2, 2.3 and 2.7 and wholly tasks 2.4, 2.5 and 2.6 for two basic 
management routes relying on the German and Italian concepts and practices. 
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WASTE MANAGEMENT SCENARIOS FOR LWR FUEL CLADDING AND HULLS 

Contractor : CEA - VALRHO - MARCOULE - FRANCE 
Contrat n° : FI W-0131 
Duration of contract : 28 months 
Period covered : September 1987 - December 1988 
Project leader : C. SOMBRET 

A. OBJECTIVES AND SCOPE 
The objective of this contract is to contribute to the implementation 

of a joint study on management options for hulls and caps by drawing up 
two basic routes emphasizing the treatment/conditioning and packaging 
aspects. 

The corresponding study is part of the joint study which aims at 
assessing management routes for hulls and caps generated during 
reprocessing of spent fuel on the basis of economic and radiological 
criteria. 

A management route is defined as each assembly of co-ordinated actions 
by which the management of hulls and caps from their production to their 
disposal is implemented. Usually, these actions comprise treatment, condi­
tioning, packaging, interim storage, transport and disposal operations. 

Basic assumptions are : 
- Light water reactors stock : 20 GWe 
- Yield : 600 t.y'1 
- Conditioning on production site 
- 2 geographical sites : coastal and non costal 

B. WORK PROGRAMME 
The study directed towards 2 management routes based on direct 

cementation and on melting, will take in charge the following tasks : 
Definition of the characteristics and arisings of hulls and caps. 
Drawing up of basic management routes taking into account treatment 

and conditioning variants. 
Sensitivity studies on each basic management route. 
Assessment of the related radiological impact to the public (short 

and long term). 
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DRAWING-UP OF MANAGEMENT ROUTES FOR REACTOR WASTE BASED ON INDUSTRIAL 
PRACTICES IN FRANCE AND SPAIN 

Contractor : SGN - St Quentin-en-Yvelines, France 
Contract No : FI 1W - 0132 
Duration of the contract : September 1987 - December 1989 t 
Period covered : September 1987 - December 1987 
Project Leaders : B. de Wavrechin, C. Jaouen 

A - OBJECTIVE AND SCOPE 
The objective is to contribute to the implementation of a joint study 

on management options for LWR waste by drawing up two basic routes emphasi­
zing the treatment/conditioning and packaging aspects. The assessment of 
management routes on the basis of economic and radiological criteria is 
based on the French and Spanish concepts and industrial practices. 

Basic information and data related to the operating experience in 
France and in Spain, is made available by respectively EDF and INYPSA who 
cooperate with SGN as contractors. More specifically, the contribution of 
INYPSA applies to the study of the BWR waste management options based on 
the Spanish experience. 

B - WORK PROGRAMME 
2.1.1. Definition of typical primary waste inventories resulting from norm­

al operation of 900 MWe PWR and BWR in France and Spain. 

2.1.2. Definition of discharge limits, waste acceptance criteria and trans­
port regulations. 

2.1.3. Drawing up of two basic management routes according to the French 
and Spanish practices considering a 20 GWe nuclear pack (80?í PWR and 
20?á BWR) and grouping reactors by four units. 

2.1.4. Sensitivity studies to determine the impact of treatment and condi­
tioning parameters on waste product characteristics and quantities, 
and the cost of major components. 

2.1.5. Assessment of the occupational exposure. 

2.1.6. Assessment of the radiological impact to the public from the radio­
nuclide contents of each main effluent generated in the two basic 
management routes and thè variants. 

— 16 



COMPARISON OF WASTE MANAGEMENT ASPECTS OF DIRECT DISPOSAL OF SPENT 

Contractor 
Contract No 
Duration of Contract 
Period covered 
Project Leader 

FUEL AND REPROCESSING 

CAP Scientific 
FI1W/0133 
September 1987 to March 1987 
September 1987 to December 1989 
R S Laundy 

A. Objectives and Scope 
In comparing waste management aspects of direct disposal of spent 

fuel and reprocessing, a number of radiological and environmental 
impacts have to be taken into consideration. To assist in performing 
this comparison, computer models are invaluable for combining and 
structuring the data and presenting the trade-offs involved in 
optimisation of various factors. 

As part of the work to be undertaken a computer model will be 
developed which will allow the trade-offs involved in direct disposal 
of spent fuel and reprocessing to be investigated. The processes that 
will be taken into account in the model will include storage, trans­
port, conditioning for direct disposal, reprocessing and disposal. 
The costs and environmental impacts from these processes will be 
combined through a multi-attribute hierarchy by applying weights to 
the impacts. The model will allow sensitivity analysis to be 
performed on these weights and on other parameters such as the time 
for which spent fuel is stored prior to reprocessing. 

The goals of the project are: 
- To evaluate the radiological and economic impacts associated 
with direct disposal and reprocessing of spent fuel. This task 
will be carried out in conjunction with other contractors. 
- To develop a model for investigating the trade-offs between 
the radiological and economic impacts. 

B. Work Programme 
B.1 Evaluation of radiological and economic impacts. 
B.2 Development of a model for investigating trade-offs. 

C. Progress or Work and Obtained Results 
State of advancement 
Work started on the project in December 1987. A data requirement 

paper has been produced and work is proceeding on designing the model. 

Progress and results 
A number of processes involved in direct disposal and 

reprocessing have been identified. These are shown schematically in 
figures 1 and 2. The costs and environmental impacts that will be of 
concern have been assessed and a data requirements paper has been 
written. This paper proposes a set of impacts to be taken into 
consideration and describes the data to be collected. 
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COMPARISON OF WASTE MANAGEMENT ASPECTS OF DIRECT DISPOSAL 

OF SPENT FUEL AND REPROCESSING 

Contractor : CEN FONTENAY AUX ROSES - CEA - FRANCE 

Contract : N° FI 1 W.0131* 

Duration fo contract : September I987 - December 1989 

Period covered : September 1987 - December 1987 

Project Leaders : G. MALET - J. MALHERBE 

A. OBJECTIVES AND SCOPE 

The overall aim of the whole joint project is to compare, on the basis 
of the costs and radiological impact of the management and disposal of 
all the associated wastes, reprocessing of Light Water Reactor fuel with 
its direct disposal by emplacement in a deep geological formation on 
land. For the reprocessing case, the wastes to be considered include 
gaseous and liquid effluents discharged routinely during reprocessing, 
solid low and intermediate level wastes arising at the reprocessing 
plant, and vitrified high level waste. The latter will also be assumed 
to be disposed of by emplacement in a deep geological formation. The 
study will include an analysis of the sensitivity of the results to 
variations in key assumptions, such as the time for which spent fuel is 
stored prior to reprocessing. 

Three main management routes are considered : 

- immediate reprocessing of spent fuel after 3 years of cooling in 
ponds : that is the French solution in operation at La Hague (UP.2 
and later on UP.3) ; 

- delayed reprocessing after a rather long time in intermediate storage 
(up to 50 years) ; storage in ponds, in cask or in a dry storage is 
possible ; 

- no reprocessing : immediate disposal after short cooling time and 
possibly rod consolidation. 

In the part of the project covered by this study the aim is to compare 
immediate reprocessing and delayed reprocessing according to the 
following points of view : 

- technical ; 
- economical ; 
- and radiological impact on population. 
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B. WORK PROGRAM. 

The quantity of fuel to be considered will be that arising in a 
hypothetical 20 GW(e) reactor park consisting of PWRs, over a period of 
30 years. The fuel is to be reprocessed either after a short cooling 
time, or after an interim storage time of up to 50 years in a plant with 
a 600 MTHM/year capacity. 

The CEA study will only deal with the reprocessing option. The main 
items of the programm are as follows : 

1. Data base and waste inventory 

The 20 GWe nuclear park is assumed to consist of standard PWR reactors, 
the burn-up of the fuel being 33-000 MWd/MTHM. 

The activities and thermal decay power of actinides, fission and 
activation products will be given in a first stage. Inventory of waste 
arising from reprocessing will also be determined. 

2. Extended storage (work performed by SGN) 

This part takes into account two successive steps : the first one is a 
storage at reactor (AR) and the second one is a centralised storage 
(AFR = away from reactor). For the AR concept only storage in ponds with 
dismantling under water will be studied (for consolidated and non-conso­
lidated fuel). 

3. Liquid waste treatment scenarios. 

The inventories of reprocessing waste products will be determined taking 
into account the site characteristics (discharge limits) and the waste 
treatment scheme selected. Regarding this, three waste treatment schemes 
relying on the French, German and British concepts will be looked into 
as well as two sites (inland and coastal) for the location of the 
reprocessing plant of concern. Therefore, 6 variants of inventories will 
be studied. The British concept will be defined in co-operation with 
BNFL/NRPB. 

4. Final disposal 

Following these main scenarios, the conditioned waste arisings are 
classified in : 

- LLW for which the final storage is in shallow land burial ; 
- MLW will be disposed of in geological formation ; 
- HLW will be disposed of in geological formation after a cooling time 

from some years up to 50 years. 

5. Transport (work performed by C0GEMA) 

The casks for transport of the conditioned waste are those in use by 
C0GEMA. All characteristics like costs, occupational exposure and risk 
linked to transport will be, as far as possible, those of effective 
transport operations by C0GEMA, BNFL and DWK according to the repro­
cessing plant considered. 
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6. Cost evaluation 

The cost data concerning the different scenarios will be composed of 
costs from existing facilities or estimated costs from various projects 
(costs provided by SGN for the intermediate storage for exemple). 

7. Radiological impact 

The radiological impact to the public wil l be assessed in accordance 
with the methodology developed by CEA/IPSN. This study wi l l largely re ly 
on the exper ience obta ined in the d i f f e r e n t French f a c i l i t i e s . 

8. Sensitivity studies 

The sensitivity studies will deal with variation of burn-up (up to 
45.000 MWd/t), variation of the size of the nuclear park, the treatment 
of MOX fuels, the variation of the disposal criteria and discharge 
limits (coastal and inland sites) and the type of packaging. 
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COST AND RADIOLOGICAL IMPACT ASSESSMENT FOR THE DISPOSAL 

OF REACTOR WASTE BY SHALLOW LAND BURIAL 

Contractor : CEN FONTENAY AUX ROSES - CEA - FRANCE 

Contract : N° FI 1 W 0135 

Duration of contract : September 1987 -. December I989 

Period covered : September I987 - December I987 

Pro.ject leader : G. MALET - J. MALHERBE 

A. OBJECTIVE AND SCOPE 

The study is part of a joint study aiming at assessing management routes 
for LWR wastes on the basis of economic and radiological criteria. 

A management route is defined as each assembly of co-ordinated actions 
by which the management of LWR wastes from their production to their 
disposal is implemented. Usually, these actions comprise treatment, 
conditioning, packaging, interim storage, transport and disposal opera­
tions. 

In the frame of these large programme, CEA is mainly involved in the 
final part of management routes : definitive storage. In cooperation 
with INITEC we shall develop two concepts of disposal for these reactor 
wastes : shallow land burial (French and Spanish storage) and mine 
disposal (Konrad mine type). 

B. WORK PROGRAMME 

In this context, the CEA-FAR will perform the following studies : 

. definition of criteria acceptance in the case of a shallow land 
burial, with reference to ANDRA specifications ; 

. drawing up of basic management routes 

On the basis of inventories and criteria acceptance, we will define all 
the subsequent disposal operations by shallow land burial. Disposal 
flow-sheets for each relevant category of LWR waste products and 
engineered flow diagrams will also be provided. 

. Sensitivity studies 

Sensitivity studies will be performed in order to determine the impact 
of some important parameters on cost and doses ; particularly, the 
impact of the package type on the volumes of waste to be disposed of 
will be assessed. 
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. Cost assessment. 

To perform the cost evaluation, an extensive description of the 
components entering the capital and operating costs for each main step 
will be carried out. 

We will try to perform scaling of costs with changing disposal site 
capacity corresponding to variations of the nuclear park. 

. Assessment of the occupational exposure. 

The radiological impact assessment will consist in calculating the 
annual individual dose and the collective dose for 30 year operations 
and if possible, doses will be estimated for each working place. 

. Assessment of the radiological impact to the public. 

Disposal site environment will be defined and the different pathways and 
scenarios through which doses to population could occur in the near or 
far future will also be determined with reference to ANDRA experience. 
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ACCOUNTING METHOD FOR RADIATION DOSES DUE TO LONG-LIVED NATURAL 
RADIONUCLIDES AND DAUGHTERS 

Contractor: Dornier System GmbH 
Contract No: FI1W/0136 
Duration of contract: October 1987-March 1988 
Project leader: Armin-Dietmar Karpf 

A. OBJECTIVES AND SCOPE 
This study is aimed at developing a method to evaluate radiation doses 

occurring in the very far future from possible current fuel and waste man­
agement practices. This method is to be applied to facilitate decisions on 
different management schemes. 

For the distant future it is justified to assume that the radioactive 
waste will have been mobilised and will have found many pathways to man­
kind. But only the most long-lived radionuclides can contribute to these 
pathways. This excludes most of the fission products with their shorter 
half-lives. The remaining long-lived ones, however, are far less in number 
than the natural radionuclides which have been discarded earlier in the 
course of the fuel cycle. Hence for the far future the later should also be 
taken into account when assessing the future doses. 

Since no absolute scales exist for the effects of radioactivity to man 
one always has to resort to a comparison with some natural source of radio­
activity. In the present case the most related source would be the natural 
long-lived radionuclides in their original and undisturbed environment and 
their natural mobilisation by erosion and ground or surface waters. 

Both the mobilisation of waste as well as that of natural radio­
nuclides will result in a multitude of different pathways to man which all 
have to be considered if due account of all influences is required. Hence, 
this task cannot be solved with individual doses and hence one has to turn 
to collective ones. 

B. WORK PROGRAMME 
(i) Assessment of natural scenarios: Abundance of natural radio­

nuclides, mechanisms of deposition, mechanisms of mobilisation, 
pathways to population and collective doses, future developments, 
validitation. 

(ii) Assessment for use of natural radionuclides: Total needs, produced 
waste, fuel cycle scenarios, failure of repositories, hazards to 
population. 

(iii) Global comparison of natural and used uranium: Collective dose 
comparisons. 

(iv) Local comparisons for scaling purposes. 
(v) Probabilistic extension due to uncertainties in parameters. 
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DRAWING-UP OF MANAGEMENT ROUTES FOR LWR HULLS BASED ON THE COMPACTION/-
CEMENTATION AND COMPACTION/EMBEDDING IN GRAPHITE CONCEPTS 

Contractor; NUKEM GmbH, Hanau, Federal Republic of Germany 
Contract N°; FI1W-0137 
Working Period; October 1987 - December 1989 
Period Covered; October 1987 - December 1987 
Project Leader; Dr H.J. Wingender 

A. Objectives and Scope 
The study investigates management options for LWR hulls and caps by 

drawing up the two routes emphasising treatment/conditioning and packag­
ing aspects. 

The main objectives are to evaluate both management routes on 
technological, economical and radiological criteria. Therefore, the 
determination of operational and investment costs, the assessment of 
safety parameters like occupational exposure, effluents, incidents and 
material behaviour, and a detailed description of basic information 
concerning data and methods have to be provided. In order to compare the 
two management routes, the result of the study will be traced back and 
recalculated for variations in key assumptions. The study takes into 
account the overall discharge limits arbitrarily imposed to the two 
different sites for an hypothetical 600 t/a reprocessing plant. 

B. Work Programme 
This part of the study will investigate the management routes of 

hulls and caps generated during the reprocessing of spent fuel, compris­
ing treatment, conditioning, packaging, interim storage, transport and 
disposal operations. 
2.2. NUKEM will partially take into charge task 2.2. and is only asked to 

discuss the data provided by another organisation participating 
within the joint study, so that a reference waste composition can be 
defined. 

2.3. NUKEM will define two basic routes for hulls and caps management as 
input data for the subsequent cost and radiological impact assess­
ment. 

2.4. The sensitivity study will be performed to determine the impact of 
some important parameters on: 
- waste product characteristics and arisings, 
- total volume of the treatment/conditioning facility buildings. 

2.5. NUKEM will provide data on the related disposal costs as far as 
disposal of conditioned and packaged hulls in the Gorleben salt dome 
are concerned. 

2.6. For the two basic routes concerned, NUKEM will determine the occupa­
tional exposure due to routine operations including normal opera­
tions for repair and maintenance. 

C. Progress of Work and Obtained Results 
First activities at the beginning of a project have to deal with 

collecting and inspection of basic information and data, in order to make 
the investigation fitting into previous and parallel activities. Due to 
the simultaneous preparation and elaboration in parallel groups, informa­
tion necessary for evaluation of the amounts and radiological data of the 
hulls and caps has not been achieved in the reporting period. Needed data 
sets were discussed. 

- 2 6 -



COMPARISON OF WASTE MANAGEMENT ASPECTS OF DIRECT DISPOSAL AND REPROCESS­
ING OF SPENT FUEL 

Contractor; NUKEM GmbH, Hanau, Federal Republic of Germany 
Contract N°: FI1W-0138 
Working Period: October 1987 - December 1989 
Period Covered; October 1987 - December 1987 
Project Leader: Dr H.J. Wingender 

A. Objectives and Scope 
The study investigates the waste management aspects of spent fuel 

storage in engineered structures, the final disposal in a salt dome 
repository and the disposal of low- and intermediate-level waste in the 
Konrad mine. 

The main objectives are the determination of investment and opera­
tional costs, the assessment of safety parameters like occupational 
exposure, effluents, incidents and material behaviour, and the provision 
of detailed description of basic information concerning data and methods. 
In order to compare the reprocessing of Light Water Reactor fuel with 
direct disposal by emplacement in a deep geological formation, the study 
will provide the results in such a way and detail that they can be traced 
back or recalculated, and sensitivity analysis of the results to varia­
tions in key assumptions can be possible. 

The study will follow the main basic scenario and variations, as 
specified for the joint study concerned with a hypothetical 20 GW(e) PWR 
park of 30 years operation period. 

B. Work Programme 
This part of the study will cover direct disposal. The program items 

are: 
2.2. Spent fuel storage and preconditioning consists in evaluating basic 

data, storing prior to preconditioning, preconditioning (3 options), 
interim storage. 

2.3. Conditioning for final disposal consists in determining the final 
conditioning procedures, installations, waste and safety aspects, 
transport to the final repository and repository features with 
respect to the spent fuel. 

2.4. LLW/MLW disposal. The secondary waste is defined and compared with 
Konrad repository acceptance criteria. Repository structures, costs 
and safety aspects are treated. 

C. Progress of Work and Obtained Results 
First activities at the beginning of a project have to deal with 

collecting and inspection of basic information and data, in order to make 
the investigation fitting into previous and parallel activities. Due to 
the simultaneous preparation and elaboration in parallel groups, informa­
tion necessary for evaluation of the amounts and radiological data of the 
spent fuel has not been achieved in the reporting period. Needed data 
sets were discussed. 
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CHAPTER 2 
TASK No. 2 ; IMPROVEMENT OF RADIOACTIVE WASTE TREATMENT AND CONDITIONING 

TECHNOLOGIES 

A. Objective 

To optimize waste management by minimization of the volume, reduction 
of discharges and promotion of new conditioning processes for some 
types of wastes. 

B.' Research topics dealt with under the 1980-1984 programme 

Research on the treatment and conditioning of low- and medium-
activity wastes mainly concerned : 

- Denitration of highly acid waste, chemical precipitation, whether 
or not combined with ultrafiltration, and electrochemical reactions 
with a view to reducing the volume of low- and medium-activity 
wastes 

- Mineral ion exchangers, solvent extraction and the selective preci­
pitation of actinide and rare-earth oxalates for the separation of 
long-lived radionuclides from low- and medium-activity wastes. 

Research on the treatment of solid waste contaminated with plutonium 
concerned the study and development of an incineration process making 
use of pyrolysis and the construction and acceptance of the following 
installations for experimental operation with radioactive materials : 

- The ALONA pilot plant, which makes use of an acid-digestion 
treatment process 

- A prototype high-temperature incinerator and incombustible waste 
can be decontaminated by special washing operations. 

As regards high-activity waste (fuel claddings and dissolver 
residues), research was conducted on : 

- The characterization of the properties of irradiated fuel claddings 
and dissolver residues in the case of both light water reactors and 
fast breeder reactors 

- The conditioning of fuel claddings by a method involving embedding 
in matrices made of lead alloys, high-density graphite or 
aluminium, ceramics and improved cement 

- The immobilization of the claddings by melting, chemical conversion 
processes or embedding in glass 

- The immobilization of dissolver residues in ceramic matrices with 
an aluminosilicate base. 
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C. 1985-1989 programme 

The research and other work to be carried out will cover : 

a) Waste from light water reactors 

- Reduction at source of radioactive waste and of discharges of 
radioactivity into the environment by better management of 
effluents and the possible use of alternative treatment 
processes 

- Development of new waste/matrix formulae in order to keep in 
step with safety regulations 

- Analysis of the industrial operating conditions of waste 
conditioning installations with a view to setting up or 
improving quality assurance 

- Development of new methods of conditioning incineration ashes. 

b) Waste from reprocessing plants, plutonium fuel fabrication 
plants and research centres 

- Decontamination of low- and medium-activity liquid waste by 
means of chemical precipitation with new, highly selective 
précipitants (for example, organic compounds). This activity 
will have to include active tests on real waste 

- Development of processes alternative to those already developed 
under the 1980-1984 programme for the decontamination of 
reprocessing concentrates 

- Conditioning of residues or concentrates rich in actinides (and 
possibly in fission products) in matrices of long-term stability 

- Operation of pilot installations, functioning under active 
conditions, for the treatment of low- and medium-activity liquid 
waste by means of advanced processes (membrane and 
electrochemical processes, etc ...) 

- Operation of pilot installations, functioning under active 
conditions, for the decontamination of solid waste and the 
recovery of plutonium 

- Pilot-scale application of processes, under active conditions, 
for the conditioning of claddings. 

c) Optimization of waste management at source 

Improvement of management methods based on "the minimis" criteria 
(segregation at source, separation, monitoring). 

D. Programme implementation 

23 contracts have been signed and the available information is listed 
thereafter. However information has not been received as far as 
contracts n FI1W/0005, FI1W/0012, FI1W/0013, FI1W/0019 are concerned. 
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2.A. Waste from light water reactor 
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IMMOBILISATION IN CEMENT OF ION EXCHANGE RESINS ARISING FROM THE 
PURIFICATION OF REAGENTS USED FOR DECONTAMINATION OF REACTOR CIRCUITS 

Contractor : AEE Winfrith 
Contract No.: Fl 1W.0006.UK(H) 
Work Period : January 1987 - December 1987 
Project Leader : D J Lee/C G Howard 

A. OBJECTIVES AND SCOPE 
The overall objective of the programme is to identify a suitable 

cement matrix to dispose of organic ion exchange resins contaminated with 
decontaminating agents. 

For the last five years, Low Oxidation state i-fetal Ion reagents 
(LOME) have been used to decontaminate the 100 î-fctf(e) Steam Generating 
Heavy Water Reactor at Winfrith. The use of these reagents has resulted 
in a dilute ionic solution containing activation products which are 
produced by corrosion of metallic components in the reactor. It has 
already been demonstrated that the amount of activity in solution can be 
reduced using organic ion exchangers, for example Purolite C100, a 
crossliriked polystyrene with sulphonic acid functional groups. 

The aim of the programme at present is to show that ion exchange 
resins used to remove activity from decontaminating agents can be 
successfully immobilised in cement. To achieve this, blends of Ordinary 
Portland Cement (OPC) and ground granulated Blast Furnace Slag (BFS) will 
initially be used. 

B. WORK PROGRAMME 
B.l Identify suitable simulant ion exchange resin waste. 
3.2 Development of formulation using a range of waste simulant to cement 

ratios at Laboratory scale. 
B.3 Demonstrate formulation is still acceptable after scaling up to 200 

litres. If necessary the formulation will be adjusted. 
B.4 Investigate the effects of decontamination reagent's components on 

cement hydration. 
3.5 Investigate the effect of additives to improve the properties of the 

cemented product. 
8.6 Establish waste volume reduction factors. 
B.7 Compare and contrast methods used by other LWR Operators in Europe 

for decontamination of their reactor circuits and disposal of the 
solutions generated. 

B.8 Establish a satisfactory process flow sheet for encapsulating ion 
exchange resins in cement. 
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C. SUMMARY 
Purolite ClOO ion exchange resin (a crosslinked polystyrene with 

sulphonic acid functional groups) in the sodium form can be successfully 
immobilised in blended cement systems. The formulation which appears 
acceptable is manufactured from a 9 to 1 blend of Blast Furnace Slag and 
Ordinary Portland Cement containing 40% ion exchange resin by weight in 
the form of a slurry. The product has adequate strength for handling and 
shows little dimensional change with time. 

Experiments show that above 50% waste loading the product becomes 
unstable and its strength is unacceptably low. 

Changes in the metal cation have shown little effect on the 
properties of the product. Increasing the waste loading appears to have 
little effect on the hydration rate of the product. 

To improve the properties of the product (idcrosilica was added. The 
result was a stronger and more durable product. 

. Small scale experiments showed that additions of acids found in 
decontamination reagents (LOMI), eg, picolinic and formic, retard the 
hydration of 9:1 BFS:0PC. Other experiments have shown that anion resin 
in the OH form has a similar effect on cement hydration to the cation 
resin. , 

In conclusion, laboratory scale work has shown that cation resin and 
resins treated with LDMI can be successfully immobilised in cement 
containing microsilica and produce a product with acceptable properties. 

INTRODUCTION 
In 1980 a pilot plant was constructed at Winfrith to demonstrate that 

organic ion exchange resins could be used to remove radioactive nuclides 
from the decontaminating agent LOMI. Using a strong cation exchange resin 
like Purolite C100, most of the activation products, eg, Fe59, Cr 5 \ Mn5I+, 
Zn 6 5 and Co60 plus the vanadium from the LOMI and some of the fission 
products Cs 1 3' and 3r90 can be removed from solution. Results also showed 
that some of the picolinate and formate from DOMI were also trapped in the 
resin. 

FORMULATION DEVELOPMENT 
When developing a formulation for immobilising materials in cement, a 

number of factors have to be considered including: 
1. The product in the mixing stage itust be fluid enough to give a 

homogenised product. ; 
2. The product must not have free water (bleed) on the surface of the 

product at 24 hours. 
3. The product most have undergone initial hydration within 24 hours. 
4. The product must have adequate strength for handling. 
5. The product must be sufficiently dimensionally stable to ensure 

durability with time. 
For any formulation a compromise of the ideal values for each 

parameter must be achieved. To investigate the properties of the cemented 
ion exchange resin a number of well established tests were used 
including: 
- Dimensional stability. 
- Compressive strength. 
- Pulse Velocity (Non-destructive determinations of compressive 

strength). 
- Conduction Caloriraetry (heat output at constant temperature). 
- Viscoraetry. 

Preliminary calculations show that a volume reduction factor of 4 is 
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obtained by taking the active LOMI effluent, removing the activity onto 
the Purolite C100 and then immobilising in cement. 

SMALL SCALE TRIAIS 
A number of experiments were undertaken to determine the effects of 

Purolite C100 resin on the properties of the cemented matrices. Most of 
the experiments were undertaken using the sodium form of the resin as a 
slurry containing 30% water. For determination of the water/cement ratio 
the total amount of water in the system was used. 

Earlier experiments had shown /l/ that using pure OPC as the matrix 
to immobilise the resin resulted in excessive swelling of the product. 
This swelling caused the waste form to disintegrate after about a week if 
the waste loading exceeded 20% damp resin. 

To improve on. the product's properties and the waste loading, BFS was 
blended with OPC. BFS hydrates very slowly; however, when blended with 
OPC it acts as a latent hydraulic binder. Using a blend ratio of 9:1 
(BFS:OPC) at least 50% resin can be incorporated into cement without 
incurring expansion which causes the product to fail. 

A number of 20 litre scale mixes were undertaken and the resulting 
products are being tested for long term stability. The results of 
compressive strength determinations are given in Table I and show that 
increasing the resin loading results in a decrease in the compressive 
strength of the product. 

THE USE OF MICROSILICA TO IMPROVE PRODUCT PERFORMANCE 
Having increased the waste loading at the cost of reducing the 

compressive strength, a method of improving the physial properties was 
investigated. 

Microsilica is a mineral composed of ultrafine solid, amorphous 
spheres of silicon dioxide and is used widely in the construction industry 
to improve cement and concrete systems. 

When microsilica is dispersed through a cement matrix each cement 
grain is surrounded by thousands of reactive microspheres of microsilica. 
This results in all voids within the matrix being filled with strong 
hydration products. This causes changes in the physical properties of the 
cement matrix including: 
1. An increase in the compressive strength of the product is achieved by 

adding 6% microsilica. 
2. The pore filling effect of adding the pozzolanic microsilica to cement 

grouts drastically reduces the capillary porosity and grout 
permeability. This may result in a lowering of leach rates of 
.radionuclides from cemented wastes. 

3. A reduction in the amount of free calcium hydroxide as it is consumed 
by the pozzolanic action of the microsilica. This also reduces the 
susceptibility of the matrix to chemical attack from sulphates, 
chlorides and carbon dioxide. 
As a result of adding microsilica to a mix, the water/cement ratio 

has to be increased to cope with the higher water demand of microsilica. 
Two mixes were performed with microsilica as an additive. Both mixes 

contained 6% Microsilica, 84% BFS and 10% OPC. One contained resin in the 
sodium form and the other contained resin treated with a IOMI simulant. 
Both mixes produced acceptable products with compressive strengths of the 
products containing microsilica having greater values than those without 
(Table I). 
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EFFECTS OF PICOLINIC ACID AND FORMIC ACID 
The hydration processes which occur during the hardening of cement 

can be affected by the chemical components present in the mix water. 
: Salts of most short chain water soluble organic acids, eg, acetic and 
formic, are known to retard the hydration of cementitious material at 
certain concentrations. 

A series of experiments showed that at concentrations of 3 w/o 
picolinic acid and 8 w/o formic acid results in a large increase in mix 
viscosity making mixing impossible. At 6 w/o picolinic acid or 9 w/o 
formic acid, flash sets result from the high heat output of the acid base 
reaction. 

In reality the amounts of free picolinic and formic acids will be 
very low as anion exchange resins will be used to remove them from 
solution before cementation. 

VOLUME REDUCTION FACTOR 
At present each decontamination operation at the Winfrith reactor 

requires 4M3 of LOMI. Most of the activity can be removed if the liquor 
is passed through a total of approximately 600 litres of resin. If this 
material was immobilised in cement it would take up a volume of 1,000 
litres and weight approximately 1,500 kg. This gives a volume reduction 
factor of 4 assuming the effluent from the ion exchange resin column is 
considered non-radioactive. 
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TABLE I : MIX DETAILS AND COMPRESSIVE STRENGTH OF RESIN LOADED CEMENT 
SAMPLES 

Cement:Binder 

9:1 BFS:OPC 
0.33 w/c 

9:1 BFS:OPC 
0.40 w/c 

9:1 BFS:OPC 
0.5 w/c 

9:1 BFS:OPC 
0.45 w/c 

9:1 BFS:OPC 
0.45 w/c 

Duolite 
Loading 
(by wt 
of 

slurry) 

40% 

50% 

50% 

™ 

50% 

Duolite 
Form 

Sodium 

Sodium 

Sodium 

LOMI 
simulant 
loaded 

Additive 

None 

None 

6% micro-
silica 

6% micro-
silica 
(control) 

6% micro-
silica 

Compressive Strength 
N mm"2 

7 days 

2.9 

4.5 

14.9 

10.5 

28 days 

7.1 

5.2 

6.6 

17.2 

13.6 

90 days 

10.0 

5.4 

7.6 

35.6 

14.5 

REFERENCE 

/1/ HOWARD, C G . , LEE, D. J., AEE WINFRITH REPORT M 2469 (1987). 
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The treatment of radioactive effluents of PWR - Nuclear power plants 
by centrifugation 

Contractor : Laborelec (Belgium) 

Contract N" : FI 1 W - 0007 - B (GDF) 

Duration of contract : 18 months (from June 1, 1986 to November 30, 1987) 

Project leader : R. Roofthooft 

Second annual report (1987) 

A. Objectives and scope 

The objective of this study is to develop a treatment system for the 
radioactive waste solutions which are not recovered of the Tihange nuclear 
power plant. The activity should be absorbed on a solid phase which will 
be separated from the liquid by centrifugation. The procedure should be 
applied to all types of liquid wastes except the primary effluents from 
which boric acid is recovered and which is treated by evaporation. 

This program can be seen as the continuation of a previous study on a 
continuous floculation and settling system in the nuclear station of Chooz. 

The centrifugation should lead- to a more compact system. Before the 
centrifugation a batch type floculator will be used. This system seems to 
be more flexible and adaptable to different waste types. It could also de­
crease the amount of reagents and hence the amount of sludge. 

B. Work program 

B.l Systematic analysis of the effluents in unit 2 of Tihange. 
B.2 Study of a procedure to precipitate Co-58 and Co-60. 
B.3 Caracterisation of the floes. 
B.4 Influence of chemical composition on the floculation. 
B.5 Centrifugation tests. 
B.6 Determination of the optimal conditions for a continuous centrifugation 

system. t 
B.7 Control of the grain size of particles to be eliminated. 
B.8 Pilot plant tests on several effluents. 
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C. Progress of work and obtained results 
State of advancement 
In 1987 the study of the procedure to precipitate Co-58 and Co-60 has 

continued and been applied to an important volume (720 m3) of borated waste 
that had to be treated in a very short time. 

The influence of different pollutions has been examined. 
Decontamination factors are decreased principally by citric acid, oxalic 
acid and EDTA. These elements can be absorbed on activated carbon. 

Centrifugation tests have been performed on lab scale. 
Progress and results 

Floc-recycling : it has been possible to recycle floes up to 15 times. 
The activity of the treated water remains below the specified limit of 
18,5 MBq/m3. A small improvement is realized when 10 ppm Fe+++ are added 
at each treatment. 

Treatment of a borated waste (720 m3) : the floculation with Ca(0H)2 
and Fe + + + has been realized in batches of 35 m3. The average time per 
batch is about 6 hours. Twenty-four batches have been treated and the 
sludge has been removed 5 times giving a volume of settled sludge of 5 m3. 
The activity of the treated water has always been below 18 MBq/m3. 
The main activity after treatment is formed by Cr-51 and Sb-124, when pre­
sent in the influent. The settled sludge has further been concentrated by 
a thin film evaporator to 0,5 m3 giving a total volume reduction factor of 
1440. If this waste had been treated by evaporation the volume reduction 
factor would have been limited by the boric acid to a maximum value of 20. 
The cost of the treatment (reagents) is about 25 BF/m3. The results for 
Co-60 are given in fig. 1. The activity of the sludge taken after the 
fifth batch is given in table 1. 

Influence of chemical composition on the floculation 
Different products, normally used in nuclear power stations, have been 

added to an effluent before treatment. 
These products are : RBS-5C (non foaming detergent) Sator 2+ (detergent 

without phosphates) SU 388 (peroxide), citric acid, oxalic acid and EDTA. 
The influence of a concentration of 50 ppm of these products on the de­

contamination factor is given in fig. 2. 
Tests to eliminate the products on activated carbon have been perfor­

med. Some good results have been obtained on Hydraffin 300. 
Lab tests on centrifugation 
Centrifugation tests have been performed on a laboratory centrifuge. 

The influence of the speed of the centrifuge, the injection of polyelectro-
lyte and of Ca(OH)2 have been examined. 

A centrifugation at 1000 rpm is sufficient to obtain good results on 
the lab scale. ) 
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Pilot-plant centrifuge t 

Due to local problems in Tihange 2 it has not been possible to install 
the continuous centrifuge system. The installation is scheduled for the 
beginning of 1988. 

Table 1 : Sludge activity after 5 treatments of borated waste (MBq/m3) 

110mAg 
57Co 

58Co 
60Co 

51cr 
54Mn 
95Nb 

124sb 

644 

24 

3315 

1961 

559 

190 

62 

186 
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Modified Sulfur Cement; a low porosity encapsulating material 
for LLW. MLW and alpha Wastes 

Contractor; ECN, Petten, The Netherlands 
Contract No.; FI1W/0008 
Duration of contract; June 1986-July I988 
Period covered; January I987 ~ December I987 
Pro.ject Leader; A. van Dalen 

A. Objectives and Scope 
Modified sulfur cement is a material comparable in strength and 

hardness to concrete products with a low porosity and resistant to 
attack by salts and acids. The handling of modified sulfur cement is 
comparable with bitumen; melting, and solidifying by cooling. This 
material has promising features regarding better retention of mobile 
radionuclides compared with ordinary concrete products by low poro­
sity. High strength should prevent swelling of encapsulated salt 
wastes as in the case of bitumen. The restrictions on the use are 
about the same as for bitumen: heat producing waste is to be avoided; 
it is burnable but does not sustain fire. 

Modified sulfur cement is in use in plants as floors and ponds 
to replace or protect concrete against attack by salts and acids. It 
has been proposed as a backfill material in shallow land burial but 
it has never been realized., 

B. WORK PROGRAMME 
For a critical judgement of modified sulfur cement as encapsula­

ting material data are lacking for: 
B.l. Radiation resistance 
B.2. Maximum loading capacity of modified sulfur cement with ashes, 

sludges, spent ion-exchangers regarding strength and leachabi-
lity. 

B.3. Porosity regarding tritiated water. 
B.4. Reactions with metal components of discarded equipment to be 

encapsulated. 
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C. Progress of work and obtained results 

Sţaţe_of_adyancemenţ 
The main body of data on modified sulfur cement preparations contai­
ning low level waste were collected during this year of laboratory 
investigations. Due to the low permeability of the matrix material 
the time needed for an evaluation of this type of waste form exceeds 
the period described in the ANS publication on the short­term test­
procedure (100 days of leaching). 
After about 200 days the samples containing the simulated borate 
waste showed small cracks,probably due to the formation of hydrated 
borate crystals. This effect was not reflected by a change in lea­
ching behaviour. 
In most preparations an additional filler has been used in order to 
get "dilutions" of the waste materials in the matrix and to provide 
strength in case of preparations for tritiated water diffusion. 
The choise of these fillers was made according to the experiences in 
the USA regarding the mechanical strength of the products. 
Diffusion measurements with HTO indicate that asbestos is conducting 
water better compared to chalk probably due to the fibrous structure 
of asbestos. 
SEM inspections of leached samples showed a depletion of Ca. 
Use of the KEMA incinerator ash as a filler resulted in the lowest 
diffusion coefficients for HTO. Analysis of the main components in 
the ash indicated that A120, may be the cause of this behaviour. Ac­
cordingly preparations of modified sulfur cement with only Al20j as 
filler were made. During the preparation it was observed that the 
melt degassed spontaneously, so presence of small airbubbles in pre­
parations can be avoided. As a result a higher compressive strength 
was measured. 
If the specific volume of water inside the micropores of the modified 
sulfur cement preparations is equal to the normal value of 1 cm3 per 
g then the extrapolation of the weight increase by water uptake leads 
to a porosity of about 10 %. The diffusion coefficient of HTO indica­
tes a very low permeability. A tentative explanation of this diffe­
rence may be the presence of a relative large amount of not intercon­
necting micropores. 
The leaching of radionuclides from the sulfur cement waste form is 
best represented by the diffusivity because the matrix material does 
not dissolve. The effective diffusion coefficients measured by the 
flux of radioisotopes from the solid material into solution is in 
good agreement with the values obtained from the measurement of the 
thickness of the depleted layer. 

B.l Radiation resistance 
A few samples of the series to be used for compressive strength mea­
surements after gamma irradiation have been tested also for compres­
sive strength after 9 months storage. These unirradiated samples sho­
wed a higher compressive strength compared with the initial, unirra­
diated, samples. The effect of irradiation up to 16 MGy may be an 
accelerated ageing. 
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Gamma irradiation up to 2 MGy of samples in aluminum cans to retain 
gaseous radiolytic products did not result in measurable concentra­
tions by gas analysis. Higher doses are under investigation. 

B.2 Maximum loading capacity of modified sulfur cement with ashes. 
sludges, spent ion-exchangers regarding strength and leachabi-
lity. 

The results obtained for compressive strength measurements and leach-
ability of samples containing Pbl2, KEMA incinerator ash with 13*Cs, 
"Sr, 1S2,ls*Eu and "Co, simulated borate waste with 137Cs, "Sr and 
"Co and ECN pond sludge with mixed beta-gamma emitters are presented 
in the table. 
At first sight the solubility of the compounds incorporated in the 
modified sulfur cement seems to be the main parameter for leaching. 
One batch of ion-exchangers treated with sulfur for dehydrogenation 
prior to incorporation in modified sulfur cement showed that the 
ion-exchange material does not show swelling anymore. Cylindric sam­
ples after 300 days contact with humid air or water showed practical­
ly no sign of attack. 

B.3 Porosity regarding tritiated water. 
The diffusion coefficients of HTO through a 3 mm disk of modified 
sulfur cement filled with several substances, e.g. asbestos, chalk, 
incinerator ash have been measured. The results are also included in 
the table. 

B.4 Reactions with metal components of discarded equipment to be 
encapsulated. 

For the study of metal corrosion by modified sulfur strips of the 
following metals and alloys were covered with modified sulfur cement 
with chalk as filler: lead, stainless steel, mild steel, aluminum, 
copper and brass. The inspection of the metal surfaces will take pla­
ce after about a half year of storage. 
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Modified Sulfur Cement Preparations: 
Compressive strength and effective diffusion coefficients 

composition 
filler + "waste" 
chalk 
chalk + Pbl2 22% 

30* 
40* 
51* 

compr. s trength 
MPa 
32 
43 
56 
46 
46 

diffusing 
species 
HTO 
I 
I 
I 
I 

ieff 2 
m s 
4.10 
3.10 
5.10 
2.10 
1.10 

-15 
-15 
-16 
-16 
-15 

chalk + KEMA ash 10* 66 
15* 66 
20* 69 

chalk + borate 5* 
102 
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STUDY OF THE INDUSTRIAL OPERTION OF PLANTS FOR THE SOLIDIFICATION OF 
RADIOACTIVE WASTE WITH REGARD TO QUALITY ASSURANCE 

Contractor 

Contract No 

Working period 

Project leader: 

NUKEM GmbH, D-6450 Hanau 11, Fed. Rep. of Germany 

FI-l-W/0009 

01.01. - 31.12.1987 

B. Ganser 

A. OBJECTIVES AND SCOPE 
Purpose of the R+D-progranme is the investigation of the industrial 

operation of four different waste treatment plants with regard to quality-
control: compactor, evaporator/dryer, mobile cementation unit (MOWA) and 
stationary cementation system (continuous process). Within the programme 
the application of proposed controls at start up and active operation shall 
be systematically investigated, including comparisons of product qualities 
from industrial operation and lab-scale or inactive simulated full scale 
tests in available pilot plants and determination of acceptable bandwidths 
or product qualities. Expected results are the realisation of the proposed 
quality control procedures, which cover the commonly used waste treatment 
systems, and technical improvements of process control. 

B. WORK PROGRAMME 

1. Qualification of process and product control 

2. Treatment of radioactive wastes 
2.1 High force compactor (start up operation) 
2.2 ROBE Biblis (active operation) 
2.3 ROBE Gundremmingen (start up operation) 
2.4 MOWA (active operation) 
2.5 Continuous mixer (inactive test operation) 
3. Additional investigations 

4. Comparison of data and establishment 
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C. PROGRESS OF TORK AND OBTAINED RESULTS 

State of advancement 

Because of sane licensing problems concerning our company area 
NUKEM-A, to which is belonging our technical lab for cementation, and tech­
nical problems at the construction work of ROBE 2, we have a delay in our 
practical work of more then 6 month. Actually we have completed the work 
concerning B.l and B2.1. The other parts of our work programme are ac­
tually going on. 

Progress and results 

1. Qualification of processes and product control 
According to the waste acceptance criteria for the disposal in the 

KONRAD mine we defined for the plants ROBE, MOWA and the continuous mixer 
the following process parameters resp. instrumentations: 

- ROBE (fig 1) : Vaccum facility (300 - 70 mbar), temperature sensor (evapo­
rator) , temperature difference measuring (cooling water), heating energy, 
stirring energy (evaporator), balance of evaporator, level sensor (dis­
tillate sampling container), drop sensor (distillate); automatic function 

- MOWA (fig. 2): level sensor (liquid concentrate tanks), torque measuring/ 
hydraulic drive, balance for cement; automatic function 

- Continuous mixer (fig. 3) : Density measurement/flowmeter for liquid waste, 
dosing balance for cement, torque of stirrer (mixer), balance for contai­
ner, automatic regulation of waste/cement feed. 

2. Treatment of radioactive wastes 
As the inactive test operation for the continuous mixer we performed 

conditioning experiments of reprocessing concentrate directly in a final 
disposal container type II (KONRAD). For this we determined the accuracy 
of the product relevant instrumentation and tested the system for a long 
time test (8 h). The dosing balance for cement worked with a very good 
accuracy within its gravimetric function (bandwidth + 1 %) ; during the fil­
ling of the feed container (volumetric function) the accuracy was deter­
mined to + 5 %. The liquid feed pump, controlled by a flowmeter (magnetic 
inductive) had the same constant rate like the dosing balance (+ 1 % ) . In 
total the feed bandwidths of cement and liquid waste are + 5,1 %, that 
means a W/C-ratio variation in case of the reprocessing recipe (W/C = 
0.4) of max. 0.38 - 0.42. Within these limits, the product properties can 
be seen as constant. 

3. Additional investigations 
Beside radicmetrical properties and mechanical parameters (homogeneity, 

mass) the water content of ROBE-products is the only factor, for which the 
typical ROBE-product (waste class II, waste product group 06) has to be 
characterized. Directly concerned is the softening point of the products, 
which has to be higher than the final disposal temperature of 50 °C. 
During the standard operation the salt suspension is flowing out at 
70 °C - 90 °C and becomes solid during cooling. 
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For waste simulates, covering the given conposi tion bandwidths of eva­
porator concentrates from Biblis and Gundremmingen, lab experiments were 
performed in order to get the product values to fulfill the softing point 
criteria. 

To reach this property, the salt concentrates must have a water con­
tent of max. 22 %: This is corresponding to a defined distillation tempe­
rature for a regulated pressure for a given concentrate and can be performed 
easily by the automatic process. 
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Conditioning of ashes from combustion plants in special melting furnaces 

Contractor : NUKEM GmbH, D-6450 Hanau 11, Fed. Rep. of Germany 

Contract No : FI-1-W-0010-D (B) 

Working Period : 01.01.-31.12.1987 

Project leader : B. Ganser 

A. Objectives and Scope 
Ashes from nuclear combustion plants are actually treated by cementa-: 

tion or they are shipped directly to intermediate storage without conditio­
ning. For melting or slaging of these ashes R+D-programmes were performed, 
but nevertheless up to now doesn't exist an unexpensive simple process. 

Scope of our work is the qualification of a simple and unexpensive 
melting furnace in order to get products of high quality for final dispo­
sal. Special item will be the quality assurance. 

B. Work programme 

1. Aquisition of basis data 

- Composition of expected ashes 
- Suitability and need of additives 
- Conventional process experience 
- Suitability of conventional furnaces 
- Extent of changes in construction 
- Cost analysis 
2. Construction of a pilot plant 

3. Laboratory experiments 

- Testing of process parameters 
- Characterisation of final products 
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Ç. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

During the reported period we performed and concluded our laboratory 
melting experiments with different ash simulates and different additives. 
The products were characterized by the achieved volume reduction, the 
leaching behaviour and mechanical strengths. To construct a pilot plant, 
we defined the criteria for a technical equipment and contacted corres­
ponding manufacturerers. 

Progress and results 

1. Aguisition of basis data 
Wë completed this part of our contract with cost estimations of the 

expected melted products and melting process compared with other possible 
ash conditioning methods (cementation, high force compaction). 

3 
Concerning 1 m of raw ash the following factors have been determined: 

- Volume reduction 
- Costs for final disposal (KONRAD) 
- Investment 
- Consumption, material (energy, additives, container) 
- Costs of service companies (TRANSNUKLEAR, KWU) 

The resulted estimated costs are: 
- Melting: 5500 DM/m (Depending strongly on investment) 
- High force compaction:,5000 DM/m 
- Cementation: 6100 DM/m (Depending on volume reduction) 

2. Construction of a pilot plant 
Based on the literature data and the results of the laboratory experi­

ments (described below) we contacted furnace manufacturers. The random 
criteria for the pilot plant are (see also fig. 1): 
- 50 kg ash per day 
- 50 %/30 % addition of Na-tetraborate (1000 °C/1300 °C) 
- In can melting 
- Heating by current resistance 
- Melting can accessible for e.g. manipulators 
- Off gas treatment by incinerator 

During the first half of the next year the pilot plant will be in­
stalled. 

3. Laboratory experiments 
3.1 Melting experiments 

According to the literature data we continued the melting experiments 
with 6 selected ash simulates. The total mass of simulate used for each 
experiment was 50 g. The melting devise was a muffle furnace. Additives 
used for melting point reduction were Na-Tetraborate, Boron Trioxyde, Na-
Carbonate, Na-Phosphate and glass frit. Temperatures were 1000 - 1300 °C. 

Na-Tetraborate was the most successful additive, followed by Boron 
Trioxyde and glass frit. At 1000 °C the addition of 50 % Na-Tetraborate 
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was enough to melt all simulates (1300 °C: only 30 % ) . The average volume 
reduction factor achieved at 1000 °C was 2.9 (1300 °C: 3.6) at densities 
between 1.9 - 2.9 g/cm. 

3.2 Product characterization 
At all samples produced with 1000 0C/Na-Tetraborate we performed leach 

tests according to ISO 6961. Analysis was done for the structure element 
Boron and the doting elements Cs, Eu, Mn and Co. The release is determined 
by diffusion. The diffusion coefficient (D = 1 E-17 m /s) and the leach 
rates (B^ = 5 E-5 g/cm d for Cs) are significantly better than from cemen­
ted ashes (see tab. 1). 

At the cylindrical samples the compressive strength was measured. 
Because of the not standardized size the results^can be seen only as 
orientation. The values were between 5 - 1 7 N/mm . 

Table 1: Comparison of Cs leach rates (Rj and Diffusion coefficients (D ) 
of conditioned ashes e 

Conditioning process 

Melting 

Cementation 

Bituminization* 

Glass products* 

Rn (g/cm2d) 

5 E - 5 

1 E - 3 

1 E - 4 

1 E - 6 

De (m2/s) 

1 E - 17 

2 E - 13 

1 E - 14 

3 E - 19 

* Average data from different products 
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BORAX FEED 
25 kg/d 

FURNACE: 
INDUCTION OR 
CURRENT RESISTANCE 
HEATED 
THROUGHPUT: 
75 kg/d 
Final Product 
63 - 73 kg/d 
MAX. 38 1/d 

PRODUCT HANDLING: 
COVERING 
DECONTAMINATION 

ASH FEED 
50 kg/d 

OFF GAS TREATMENT: 
THROUGHPUT 
MAX. 46 kg/d 
(CALC. AS C02) 

Fig. 1: Flow diagram of a melting process (1000 °C, 50 % Borax) 
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TITLE: "Cement solidification of spent ion-exchange resins arising at 
nuclear power plants". 

Contractor: CIEMAT, Madrid, Spain. 
Contract Na : FI1W/0142. 
Duration of contract: From September 87 to December 89. 
Period covered: September 87-December 87. 
Project leader: S.J. Ortiz. 

A. OBJETIVES AND SCOPE 

The characteristics and performance of spent ion exchange 
resins are being studied, in order to decrease their swelling and the 
cracking of cement matrices where the ion exchange resins are incorpo 
rated. 

A study of the selected ion exchange resins is being made 
to know their differences of size and performance in function of the 
nature of chemical species, saturation degree, etc 

Dewatering experiments of inactive ion exchange resins will 
be carried out using different techniques (vacuum filtration, pressu­
re filtration, etc.) to evaluate the water content and its possible 
effect on the swelling. 

The main objetives of this R+D project will be the study 
the ion exchange resins swelling and how to increase the loading of 
IX into cement matrices. 

B. WORK PROGRAMME 

B.l. Bibliografic review. 
B.2. Identification of Spanish spent IX resins. 
B.3. Dewatering experiments. 
B.4. Properties of various resins-cement mixtures. 
B.5. Interaction between cement and IX materials. 
B.6. Freeze/thaw stability. 
B.7. Leaching tests. 
B.8. Encapsulation of inorganic ion exchangers 

(zeolites). 
B.9. Full-scale tests. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

According with the given information from the Spanish nu­
clear power stations, three ion exchange resins(Amberlite IRN-150, mi 
xed beads, Duolite ARC-9351, cationic beads and Duolite MB-200 mixed-
powder) have been selected taking into account more use and amount 
discharged. 

Portland cements more produced in Spain are: ordinary 
(P-350 and P-450); modified (PA-350 and PA-450); high early strenght 
(P-450 ARI); puzzolanic (PUZ-350 and PUZ-450) and sulfate resistant 
(P-350 Y). Also, puzzolanic, high alumina and blast furnace slag ce­
ment are produced. 

The following cements will be used on this R&D proyect: 

- Portland PA-350 (Puzzolanic, blast furnace slag and 
fly ash content less 20%). 

- Portland P-350 Y (sulfate resistant, ACg - 5% and 
AC, + FAC. - 22%). 

- Puzzolanic V-350 (fly ash content 65%). 

- Blast furnace slag (slag content 65%). 

The experimental activies realized until now have been 
the ion exchange resins swelling determination. Bead mixed resins 
have been saturated with boric acid-lithium hidroxide solutions and 
bead cationic resins with lithium hidroxide solutions. 

The Image Analyzer technique (OPTAMAX V) has been used 
for the size determination of dried and wet bead resins. This tech 
nique gives the distribution and number of particles in function of 
size and volume within an area including the corresponding histo­
grams . 

At present, the obtained results are not too good there 
fore the image analyzer technique is being adapted to our needs. 
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2.B. Waste from reprocessing plants, plutonium fuel fabrication 
plants, and research centres 
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SEPARATION OF ACTINTDES AND LONG-LIVED FISSION PRODUCTS FROM HLW AT THE 
EUREX PLANT MTR FUEL REPROCESSTNft 

Contractor: ENEA-CRE Casaccia, Rome, ITALY 
Contract n°: FI1W-0011 
Duration of contract: July 1986 - March 1988 
Period covered: January - December 1987 
Project Leader: L. Pietrelli 

A. OBJECTIVE AND SCOPE 
The aim of this research project is to simplify the pre-disposal 

management of the stored liquid HLW at the EUREX pilot plant. This waste 
consists of the aqueous raffinate of the first extraction cycle (1AW) 
from the reprocessing of MTR-type fuel. 

The 1AW-MTR liquid waste consists of 85 m 3 of 1.1 M HNO3 solution 
with 27 g/1 of Al and other minor constituens, including fission products 
and reprocessing chemicals. Table I gives the estimated chemical and 
radiochemical composition of the 1AW-MTR waste. 

The direct vitrification of this waste would require a complex 
vitrification plant and result in a large amount of vitrified waste. 
Therefore our goal is to separate this liquid waste into two parts: 

a small-volume, highly radioactive fraction, including the Cs, Sr 
and Actinides; 

- a larger-volume, low level waste fraction containing the majority of 
the inactive salts present in the waste. 

In Figure 1 is shown a conceptual flowsheet for the management of 85 
m 3 of 1AW-MTR waste. 

The high-level fraction must be suitable for vitrification, with the 
objective of immobilizing the waste in the smallest possible volume of 
glass. From preliminary studies on glass composition /l/ the aluminum and 
sulphate in the high level fraction should be minimized (Al < 13% w/w as 
A1 20 3). 

The low-level waste fraction must be suitable for cementation, and 
it should be reduced to the smallest practical volume. 

Scope of research work under this CEC contract is to study and 
compare the proposed chemical processes by technical and economical 
criteria. 

B. WORK PROGRAMME 
B. l Development o f c h e m i c a l f l o w s h e e t s , by u s i n g s i m u l a t e d 

waste s o l u t i o n s , f o r the q u a n t i t a t i v e s e p a r a t i o n of Cs, Sr 
and Act inides from the 1AW-MTR s o l u t i o n . 

B.2 Development of s u i t a b l e sampl ing equipment f o r 1AW-MTR 
storage tank. 

B.3 Des ign and r e a l i z a t i o n of a m i n i p i l o t p l a n t t o t e s t the 
f lowsheets with rea l 1AW-MTR feed s o l u t i o n . 

B.4 Chemical and radiochemical ana lys i s of rea l 1AW-MTR s o l u t i o n . 
B.5 Tests in the equipped hot c e l l with real 1AW-MTR s o l u t i o n . 
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B.6 General considerations and Final Report. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 
B.l Development of chemical flowsheets 

In order to fulfil these research objectives, some chemical 
flowsheets for the waste treatment have been studied, at laboratory scale 
with simulated and traced solutions. 

The studies related to this report concern the following conceptual 
flowsheets : 

- the acidic flowsheet based on the Cesium separation by precipitation 
with Phosphotungstic Acid (PTA), and on the separation of Strontium and 
Actinides by Polyantimonic Acid (PAA), directly from the acidic 1AW-MTR 
solution; 
- the alkaline flowsheet, based on the alkalinization with NaOH of the 
waste solution to pH>13 (in order to trasform the Aluminum in water 
soluble Sodium Aluminate); at this pH value, Strontium and Actinides are 
separated by co-precipitation on Ferric Hydroxide floccs. Cesium is then 
separated by selective precipitation by Sodium Tetraphenylborate (NaTPB) 
or by adsorption on zeolites. 

Acidic flowsheet 
A Cesium precipitation process using PTA was studied during the 

first step of the contract 121. 
Assuming the addition of one mole of PTA per mole of Cs in the 

acidic waste solution (without any pH adjustment), a Cs Decontamination 
Factors (DF) of 100 can be achievied at room temperature. Addition of 
0.1-0.2 moles of KNO3 to the initial feed should be provided because 
coprecipitation of Cs and K should improve the Cs recovery. High contact 
time (>15 hours) were required at 25°C to obtain high Cs DF values and to 
obtain a particle size suitable to perform an efficient solid-liquid 
separation. 

About the separation of Sr and Actinides from Acidic waste by 
adsorption on Polyantimonic Acid (PAA) unfortunately the strong 
competition due to the high salt ions content in the 1AW-MTR drastically 
reduce the Pu removal from the solution (DF=10 after 20 hours) 12,3/.Also 
the Sr adsorption capacity is reduced from =70 mg/g PAA /4/ to =1 mg/g 
PAA. 

To increase the low Pu Decontamination Factor obtained with the 
acidic process some experiments have been performed using an Actinide 
specific reagent, normally used in the TRUEX solvent extraction process, 
called CMPO (Octyl(phenil)-NN- diisobutylcarbamoylmethylphosphine Oxide) 
/5/. Tests were performed using CMPO adsorbed on PAA, this product was 
then used to fill a column. The result, shown in Table II, were not 
satisfactory: in fact after only 26 columns bed volumes (=5 hours 
working) the Pu DF decrease from =10^ to 3.3. It is probably due to low 
PAA specific surface (20.9 m^/g) and then the limited impregned capacity. 

The comparison of the results obtained with PAA and PAA+CMPO shows 
that although at the beginning very high Plutonium DF may be obtained 
with PAA+CMPO, after a relatively small amount of waste solution (if 
compared to the total amount of available CMPO) the significant decrease 
of Pu DF does not permit an appropriate decontamination. On the other 
hand, the use of a different inorganic support with higher surface (e.g. 
silica) could increase the efficiency of adsorption by CMPO but, in this 
case, an additional specific adsorbent for the Sr would be necessary, 
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this increasing plant complexity and final vitrified waste volume. 

Alkaline processes 
Both processes are based on the alkalinization with NaOH of the 

1AW-MTR solution to pH>13. The objective of this step is to neutralize 
the free acid and then to transform the Aluminum Nitrate into soluble 
Sodium Aluminate. 

HNO3 + NaOH > NaN03 + H20 (AH=-13.8 kcal/mol) 
A1(N03)3 + 3NaOH > Al(OH)3 + 3NaN03 
Al (OH) 3 + NaOH > NaA102 + 2H20 

HN03 + A1(N03)3 + 5NaOH > 4NaN03 + NaA102 + 3H20 

Fe, Pu, Sr, RE, Np and Am are quantitatively precipitated as 
hydroxides, while essentially Al, Na and Cs remain in the supernatant. 
Mercury is distributed both in the supernatant (about 50%) and the 
precipitate /2,3/. 

A large volume of NaN03 waste will be generated from the addition of 
the NaOH but, on the other hand, to immobilize the LLW in solid form, 
this liquid waste must be neutralized anyway before the cementation 
process. 

During the first half of the contract some aspects of the 
alkalinization have been studied. At pH>13 the iron present in the waste 
solution precipitates, and the Strontium and the Actinides are separated 
by coprecipitation with Ferric Hydroxide [2] . The removal of Actinides 
(Pu, Np, Am) and Strontium, at constant Iron concentrations, increases 
linearly with pH and the removal process takes place rapidly and no 
substantial differences have been observed increasing the digestion time 
from 30 minutes to 20 hours. 

The Actinides and Sr DFs found in the tests carried out at 
laboratory scale using simulated and traced waste solutions, have been 
generally higher than 100 provided that an efficient solid-liquid 
separation is performed. 

Special attention must be devoted to minimize the volume of 
precipitate, in fact by adding the acidic waste solution to the NaOH 
concentrated solution (10 M) and not viceversa, about 50 ml/l 1AW of wet 
precipitate was obtained instead of more than 200 ml/l 1AW when NaOH was 
added to the acidic solution. 

Cs separation by Sodium Tethraphenylborate (NaTPB) 
The attractive feature of the Cesium recovery by NaTPB is its 

ability to provide a high Cs DF (>10^) from alkaline supernatant in a 
single batch precipitation /2/. A further advantage of this process is 
that alkalinizaztion and Cesium precipitation could be carried out in the 
same reactor tank. 

Cesium recovery using NaTPB as reagent is dramatically improved when 
the mole ratio Na-TPB/(Cs+Rb+K) is greater than 1 /6,7/. This indicates 
that there is a strong competition between the cations in the 
precipitation reaction. Once the cation concentration is equivalent to 
the NaTPB concentration, the recovery of Cs is very efficient. Some 
problems during the precipitation, due to high Potassium concentration, 
coming mainly as an impurity of NaOH, could occour during the 
alkalinization: therefore it is very important to add a NaOH with low 
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Potassium ■ content- in order ta avoid problems with Cs competition for 
NaTPB. 

The recovery of Cs from the alkaline solution is indipendent of 
solution pH in the range of 10 to 13 and 30 minutes are sufficient to 
obtain an high Cs-DF 121. 

A potential disadvantage of this process is that it may be necessary, 
to operate the decomposition of NaTPB before feeding it in the 
vitrification furnace, in order to avoid the production of some volatile 
and flammable organic compounds. However, using NaOH with low K content 
the NaTPB requirement for the total 85 m^ of HLW will be minimized /3/. 

From thermal decomposition (see Figure 2 and Table III) of NaTPB it 
results that just a small amount of benzene, a large amount of biphenyl 
and other organic compound derive from several combinations of phenyl 
rings are produced from NaTPB decomposition /3/. In addition, it has been 
found that most of the excess reagent remain solubilized into the 
surnatant. Therefore it does not seem to be necessary to operate a 
radioactive organic reactor to destroy TPB~ as used in other plants /8/. 

Cs separation by zeolite 
After the 1ÀW-MTR waste alkalinization to pH>13 by its addition to 

10 M NaOH solution the centrifuged (or filtrated) solution is sent to the 
IE-96 zeolite columns to remove Cs with DF=10^ 121. The columns tests 
performed at laboratory scale /3/ have confermed the high Cs and Sr 
loading capacity , from the breakthrough curve shown in Figure 3 the Cs 
exchange capacity is 1.34 mg/Cs/g IE-96. 

After processing, the Cs-loaded zeolite ion-exchanger will be 
blended with the alkaline waste sludge and glass frit, then converted to 
a glass waste form. 

When the zeolite will be used at pH>13 the slow exchanger 
dissolution is possible due to the aluminium present in the silica 
structure. These difficulties shold not be encountered when treating the 
1AW-MTR waste because the exchanger will be loaded only once, then 
vitrified. 

B.2 Sampling equipment to analyse the 1AW-MTR waste 
At present the 1AW-MTR waste is stored in two stainless steel tanks 

that unfortunately have been designed without any sampling apparatus. 
To make the sampling and then the analyses and the laboratory "hot 

tests" of the waste, ENEA has designed and realized a sampling equipment 
consisting of: 
- a particular "cork plug" that penetrates into the tank to allow the 
suction of the solution previously homogenized by bubbling; _ 
- an 8 litre capacity "cendrillon" 15 cm Pb shielding (it can shield 
untili 1200 Ci of Cs-137); 
- a glove box where are located all the "hot" piping connections and the 
controls for the transfer of the radioactive solution from the tank to 
cendrillon and viceversa, and from the cendrillon to sample bottle and 
viceversa; 
- a vacuum system to provide the transfer of the solution; 
- a special sample container designed for bottles of variable capacity 
(from 10 to 1000 ml) that provides the solution transfer from the tank to 
the hot cell. 
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B.3 Hot cell fitting 
To'allow the realization of process tests on real samples a hot cell 

has been equipped with a mini pilot plant that mainly consists of: 
­ a glass reactor equipped with mechanical stirrer, temperature and pH 
control; ; 
­ a peristaltic pump with changeable head and flow­control; 
­ a centrifuge; 
­ a set of columns provided of a safe cont'.inment "tank" to avoid any 
unwanted discharge of radioactive waste; 
­ usual laboratory equipment (balance, magnetic stirrer, dryer, etc). 

The mini pilot plant will be operated by remote controls and 
telemanipulators. 

Niagara Falls,NY 
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Table II:Pu­DFs obtained by PAA+CMPO compared with PAA 
Pu­DFs (*). CBV=Column Bed Volume 

ULms. 

5 H 

PAA+CMPO 
PuDF 

> 1 0
2 

• i 

•■ 
n 

4 . 8 
3 . 3 

CBV 

1 . 7 
3 . 0 
4 . 6 
6 . 0 
18 
26 

Time 

46 H 

PAA 
PuDF 

6 . 0 
4 . 1 
3 . 8 
3 . 9 
4 . 3 
6 . 8 

CBV 

2 . 2 
3 . 6 
5 . 5 
7 . 0 

1 5 . 3 
4 9 . 0 

(*) the"column dimensions and then the adsorbent content 
were different : 
PAA+CMPO= 1.44 g, PAA=7.5 g 

Table III: Comparison TG data with theoretical NaTPB 
organic composition 

% theor. 

CgHg (or similar) 89.9 
Na, B or other 9.8 

% found 
Air 
90.4 
9.6 

Nitrogen 
82.3 
17.7 

X . . . . . 

1 

1 

• 

^«s 

' 

DIR VITRIRCATION 
»300 canisters 

p­fcEO^™ Y­n 

' 
DECLASSIFIED 

LWASTE J 

1 
' 

CEMENTATION j 

' r 
RNAL STORAGE] 

■ ' 
f > 

SLUDGE am/or RESINS 
(Cs. Sr. Actin.) 

' ' 
r 1 

VITRIFICATION 
20­30 canisters 

' ' 
[ FMALSTORAGEJ 

Fig. 1 Conceptual flow-sheet for the management of 
1AW-MTR liquid waste 
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Conditioning of Nuclear Cladding Waste by High Temperature Melting in 
Cold Crucible 

Contractor: CEA, Marcoule, France 
Contract No: FI1W-0014 
Working PeTiod: October 1986 - March 1989 
Project Leader: N. Jacquet-FranciLLon 

A. Objectives and Scope 
Conditioning of zircaloy and stainless steel hulls by high tempera­

ture melting in a cold crucible is being developed by the CEA in France. 
The feasibility of this process which does not require any metallic addi­
tive is demonstrated at industrial scale with an inactive prototype. 

In order to carry out experiments involving radioactive hulls, labor­
atory scale facilities have been set up inside a new shielded cell: the 
melting unit is able to produce small metallic ingots weighing about 3.5 kg 
measuring 18 cm long and 5.7 cm in diameter. 

The objectives of this programme are: 
- to qualify the cell process under cold conditions, 
- to realize radioactive ingots with actual stainless steel hulls from the 

PHENIX reactor, 
- to realize ingots with radioactive zircaloy hulls from the OBRIGHEIM 

reactor. 
The project includes characterization of the final waste materials 

(inactive and active ingots, glasses used as conditioning matrix for slag) 
and evaluation of their leach resistance. 
B. Work Programme 
B.l Definition of standard working conditions involving either stainless 

steel hulls or zircaloy hulls. Development of suitable operating 
methods for characterization of ingots and slags. 

B.2 Realization and characterization of inactive stainless steel and zir­
caloy ingots. 

B.3 Realization and characterization of active stainless steel ingots. 
B.4 Realization and characterization of active zircaloy ingots. 

— 70 — 



C. Progress of Work and Obtained Results 
State of Advancement 

Development of the melting unit in the shielded cell required consid­
erable testing, but has now been completed. The difficulties encountered 
were primarily due to the small size of the crucible (60 mm in diameter) 
and to the limited power rating and unsuitable frequency of our generator 
(75 kW, 10 kHz). 

Process reference tests were conducted for final qualification of the 
equipment and operating procedures. The tests were carried out on inac­
tive materials, but this time under actual cell operating conditions: the 
resulting reference ingots and slags will be characterized. 

The programmes covering active ingot characterization and slag incor­
poration in R7T7 glass have been defined, and the actual investigation is 
about to begin. 

The general work progress status is as follows: 
- B.l is completed 
- B.2 is progressing normally 
- B.3 and B.4 are pending regulatory approval for active work in the cell. 
Progress and Results 
1. Melting Unit Development Work (B.l) 

Development work included the following steps: 
- equipment modification to remote manipulation requirements in the cell, 
- equipment calibration (hull feed device, ingot drawing system, washing 

column, etc.), 
- determination of ingot production requirements by gradually bringing the 

facility to normal operating conditions (electrical parameters, startup 
tests, drawing tests, etc.), 

- verification of equipment and process reliability by producing 11 metal 
ingots from inactive hulls close in size to the actual active clads. 

The major ingot manufacturing parameters are indicated in Table I. 
Hulls exceeding 45 mm in length may have been responsible for jamming 

the feed device. Oversize wastes (e.g. pin end-pieces) will have to be 
eliminated from the hull batches used to produce active ingots. 

Melting is feasible provided the unit is started up with a massive 
metal load of between 600 and 700 g depending on the nature of the hulls. 
With zircaloy hulls part of this load is stainless steel to lower the ini­
tial bath temperature and avoid having to use the maximum generator power. 

Slags are used in the form of cylindrical particles prepared in the 
laboratory (powder pressing followed by heat treatment). After melting 
the slag can be remelted with alkaline carbonates for dissolution in cold 
HNO3 and analysis. 

2. Inactive Reference Tests (B.2) 
The four planned inactive tests were completed: 

- two ingots were produced by melting Z2 CN 18/10 stainless steel hulls 
(tests IR04-IR05), 

- two ingots were produced by melting zircaloy-4 hulls (tests ZR01-ZR02). 
Two other inactive ingots were produced from a mixture of 84% zircaloy-4, 
10% stainless steel and 6% inconel (tests ZIR1-ZIR2); this composition is 
representative of metallic wastes from reprocessed OBRIGHEIM reactor fuel. 
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The slag mass balances for these tests are indicated in Table II. 
- Spontaneous descaling of stainless steel and zircaloy-stainless steel-

inconel ingots together with light surface peening allowed recovery of 
about 98% of the initial slag mass. A smaller amount of slag (approx 
86%) was recovered in the pure zircaloy tests since a fraction of the 
slag adhered strongly to the bottom of the ingot in the initial melting 
zone. 

- The quantity of slag recovered from the off-gas treatment system never 
exceeded 1% after of melting stainless steel or zircaloy alloy batches. 
The much higher melting temperature of pure zircaloy seems to account 
for the slag volatility which was five to ten times higher in this case. 

The cell will soon be equipped with an ingot slicing machine that can 
be entirely dismantled by remote manipulation, capable of cutting up mas­
sive metal ingots for characterization. ^ 
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Table I: Principal Metal Ingot Fabrication Parameters 

Hulls to be melted 

Startup metallic 
load 

Slag 

Power requirement 

Hull feed rate 

Slag feed rate 

Ingot drawing rate 

Melting time 

Final ingot 

Stainless Steel 

approx 3 kg 

Stainless steel 
cylinders 

630 g 

CaF2: 75% 
MgF2: 25% 

Zi realoy-4 

approx 2.3 kg 

Zi realoy cylinders + 
stainless steel disks 

670 g + 30 g 

CaF2: 50% 
BaF2: 50% 

Pellets: 20 mm dia x 8 mm high 

5.2 g/pellet 

60 - 65 kW 

4 kg«hr~l 

approx 20 g descaling 

6.0 g/pellet 

70 - 75 kW 

2 kg-hr-1 

approx 100 g descaling 

1 pellet per cm of drawn ingot 

20 cm-hr'1 

approx 45 min 

approx 3.6 kg 

12 cni'hr"! 

approx 70 min 

approx 3.0 kg 

57 mm dia x 180 mm high 
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Table II: Slag Mass Balance for Process Reference Tests 

Hulls 

Slag 
Composition 

Slag % of 
Ingot Weight 

Slag Recovered 
on Ingot 

Slag Recovered 
in Dust Separator 

Slag Recovered 
on Crucible Head 

Unrecovered 
Slag 

Stainless Steel 

CaF2: 75% 
MgF2: 25% 

approx 3% 

approx 98% 

approx 0.2% 

< 1% 

approx 1% 

84% Zircaloy-4 
10% St steel 
6% Inconel 

CaF2: 50% 
BaF2: 50% 

approx 6% 

approx 98% 

approx 0.2% 

< 1% 

approx 1% 

Zircaloy-4 

CaF2: 50% 
BaF2: 50% 

approx 6% 

approx 86% 

approx 2% 

approx 3% 

approx 9%* 

* Most of the unrecovered slag remained attached to the ingot surface 
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Hot Isostatic Pressing of Pu-Containinq Ashes 

Contractor: CEA, Marcoule, France 
Contract No: FI1W-0015F (CD) 
Duration of Contract: October 1986 - September 1989 
Project Leader: A. Jouan 

A. OBJECTIVES AND SCOPE 

The purpose of this study is to propose a conditioning process suit­
able for ultimate storage of incinerated alpha waste ashes. The process 
would also be applicable to ash chemical treatment residues, beta-gamma 
ashes or powder waste of any origin that remains inert at the process 
temperature. 

A multidimensional hot pressing method was chosen in which a vacuum 
sealed primary container with the waste ashes is placed in an oven filled 
with high pressure gas. The resulting product is a type of ceramic that 
adheres to the container walls without any apical void. 

This investigation covers both the process itself and the resulting 
material. It is being carried out jointly with industrial firms where 
isostatic presses are available. The final phase will compare the end 
products obtained by pressing with melted ash products. 
B. WORK PROGRAM 

Bl Production of actual inactive ashes obtained from batch furnaces or 
from continuous industrial pilot facilities for the final tests. 

B2 Recuperation of industrial ash with similar compositions for techno­
logical feasibility tests. 

B3 Determination of pressing parameters at laboratory scale on actual 
inactive ashes. 

B4 Production of intermediate scale blocks from actual inactive ashes 
to determine the physical and mechanical properties of the resulting 
material. 

B5 Production of a 30 cm diameter block using industrial ashes. 
B6 Preliminary design work for an industrial unit to allow comparison 

with a melting facility. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of Advancement 

The optimum isostatlc pressing conditions for actual ash material 
have now been determined. The decisive criterion was the solidity of the 
resulting material as affected by the container filling method and the 
pressing temperature, pressure and time. This investigation provides a 
basis for assessing the advantages of additives which could modify the 
physical state of the compressed material by incipient melting, although 
this would penalize the storage volume. 
Results 

Laboratory scale experiments in cylindrical mild steel containers 
36 mm in diameter and 170 mm high were conducted to observe the influence 
of the major process parameters. 
* Container Filling Method: The natural ash bulk density (0.3 g-cm"^) is 
too low: they must first be packed in the container at room temperature 
using a single-action piston to increase the density to about 1.6 g«cm~3. 
Pressed cakes with a few percent moisture content may be prepared and 
stacked in the container, or the ashes may be packed directly in the con­
tainer if this is found to be advantageous. 
* Pressing Temperature: The sintering quality depends on the process 
temperature. The ideal value is the incineration temperature (700-800°C) 
which ensures thermal and chemical stability. Tests at higher tempera­
tures up to 1300°C showed that gas pockets formed in the seal welds and 
the material was pitted or cracked. 
* Pressure: Tests were conducted under pressures ranging from 100 to 
150 MPa at 700°C. The material obtained at 120 MPa or higher exhibited 
excellent cohesion and could be machined without crumbling. 
* Pressing Time: The standard process times investigated ranged from 1 
to 4 hours. Tests combining the three variables showed that the best 
results were obtained under the following conditions: 4 hours at 700°C 
at 150 MPa, or 2 hours at 800°C at 150 MPa. The second test produced the 
material with the highest density. 

* Flux Additives: Various frit compositions were investigated in fission 
product vitrification studies; the one with the lowest melting point for 
which the formula can be reproduced using ash components was selected as 
a basis for comparison. When ashes were mixed in equal weight proportions 
with an additive containing silica, boron and phosphorus, the resulting 
product resembled the selected frit composition. Pressing tests are now 
in progress with this mixture. 

The photo in Figure 1 shows a cross section through a test cylinder 
obtained by isostatic pressing for 2 hours at 700°C under a pressure of 
120 MPa. The powdered stainless steel filler in the seal weld was also 
sintered, and adhered to the cylinder walls. The material was cut into a 
cube without crumbling. 

The ongoing work will now investigate the potential of additives for 
enhancing the physical and mechanical properties of the material. 

— 76 — 



List of Publications 
The work conducted to date was initially presented in Brussels on 

January 2, 1987, during the first Task 2 meeting. Additional results 
were presented in the first semiannual report (October 1987) and at the 
second meeting in Frankfurt (December 13-16, 1987). 

Figure 1 - Cross Section of Finished Product 

-■v 
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Utilisation of liquid membranes for the treatment 
of reprocessing concentrate 

Contractor : CEA, CEN Cadarache, France 
Contract n° F II W /OOI6 
Duration of contract : January 1987 - December 1989 
Period covered : January 1987 - December 1987 
Project leader : J.F. DOZOL 

A. OBJECTIVE AND SCOPE 
Development of nuclear activities at the reprocessing plant of Marcoule 

must lead to an increase of low and medium activity waste, it is forecast to 
substitute soon the classical treatment using chemical precipitation by a 
more efficient treatment by evaporation in order to decrease the activity 
discharged in the Rhône. 

This new process leads to an increase of bituminized wastes to be 
disposed in deep geological formation, due to the high sodium nitrate 
concentration in the concentrate. It's the reason why it could be economically 
interesting to decontaminate this concentrate so that the greatest part will 
be disposed in shallow land burial and a very small part in geological 
formation [Table 1]. 

Taking into account the radiochemical characteristics of concentrate and 
to allow a shallow land burial disposal (for instance CSM) cesium strontium 
and actinides must be removed with DF higher than 50 for fission products 
and 100 for a emitters. The process will be economically interesting if 
concentration factor exceeds 40. 

To decontaminate the concentrates from Marcoule it is intended to use 
supported liquid membranes. This process allows to transfer selectively 
nuclides from liquid waste to a stripping solution, so the actinides can be 
recycled and FP immobilized in glass. 

B. WORK PROGRAMME 

2.1. Choice of extractants diluents and stripping solutions : 
2.1.1. The highest distribution coefficients for strontium from concentrate 

are obtained with DB 18 C6 diluted in C2 H2 C14. Demineralized water is 
used as stripping solution. 

2.1.2. The extractant used for recovery of actinides in evaporation 
concentrate is a mixture of CMPO (0,25 M) and TBP (0,75 M) diluted in 
decalin and stripping solution is a solution of sodium citrate. 

2.2. Supported liquid membrane process for treatment of concentrate : 
2.2.1. The life-time of DB 18 C6/C2 H2 CI4 membrane is very short, the 

leaching of extractant being important. The life time of the supported liquid 
membrane i|s strongly increased by using decanol as diluent instead of 
tetrachloroethane. 
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2.2.2. For removal of actinides, the mixture CMPO (0,25 M) TBP (0,75 M) 
in decalin is choosed, the stripping solutions being sodium citrate. The 
stability of supported liquid membane is good and allows the removal of 
actinides in concentrate. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 
ETAT D'AVANCEMENT 

3.1. Choice of the components of the aqueous phase 
3.1.1. The crown ether DC 18 C6 is diluted in tetrachloroethane. The 

disfi bution coefficients are sufficient to allow the extraction of 85 Sr from 
concentrate and stripping in demineralized waste. 

3.1.2. The mixture of DC 18 C6 and tetrachloroethane is leached very 
quickly ; with decanol , the distribution coefficients are lowered but the 
stability of the supported liquid membrane is good. 

3.1.3. High distribution coefficients are achieved for actinides mainly for 
plutonium with a mixture of CMPO 0,25 M/TBP 0,75 M diluted in decalin 
(tetrahydronaphtalene). 

3.2. Results achieved with supported liquid membrane 
3.2.1. A mixture of DC 18 C6 and decanol immobilized on membrane 

allows the extraction of about 70 % of Sr. 
3.2.2. Solution of CMPO and TBP diluted in decalin is used as supported 

liquid membrane to transfer almost quantitatively U and Pu from concentrate 
to stripping solution ( Yield ^ 95 %). 

PROGRESS AND RESULTS 

^ . 1 . The extractant used for strontium removal is DC 18 C6 an Aldrich 
Chemical Co product, n octyl phenyl nn diisobutyl carbamoyl phosphine oxide 
(CMPO) is syntherized by M and T chemicals and must be purified according 
to the method of Casaccia (Fig. 1). 

Celgard 2500 and 2502 are used as solid support for the liquid membrane. 
The thickness of flat membrane is respectively 25 and 50 urn, the normal 
porosity is k5 %. The supported liquid membrane is prepared by soaking the 
sheet in the mixture of extractant and diluent. All the experiments are 
performed using cell at 30±1°C under a constant stirring rate of 200 or 250 
rpm (Fig. 2). 

k.2. The tetrachloroethane allows to obtain high distribution coefficients 
but can't be used as supported liquid membrane because of the high leaching 
rate. Using decanol as diluent, the distribution coefficient are smaller, but 
the stability of supported liquid membrane is strongly improved. It is possible 
to transfer about 70 % of strontium from concentrate to demineralised water 
used as stripping solution. At the beginning of experiment, the rate of 
transfer of strontium is enough high, but decreases drastically with time. 
Many reasons can explain this phenomenon. : 

- Decrease of acidity of the concentrate, because HN03 in transfered by 
crown ether /decanol ; the acidity increases in the stripping cell leading to an 
increase of distribution coefficients of strontium in organic phase and a 
decrease of the efficiency of the stripping solution. 
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- Prec ip i ta t ion of some s l igh t l y soluble salts (CaS04 ...) of the 
concentrate on the membrane. 

* . 3 . For the removal of act in ides f r om concentrate w i t h CMPO and TBP, 
as in the case of s t ron t ium ex t rac t ion , a t ransfer t of ac id i ty is observed f rom 
concentrate to the s t r ipp ing solut ion but the act in ides are almost q u a n t i t a t i ­
vely removed f rom concentrate to the s t r ipp ing so lut ion of sodium c i t r a t e . 
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Table I 

Evaporator concent ra te composition 

Component Mass of component per l i ter of feed 
(g.r1) 

C a ( N 0 3 ) 2 k H 2 0 7,11 

Mg(N0 3 ) 2 6 H 2 0 2,00 
F e ( N 0 3 ) 2 9 H 2 0 5,23 
Na2SO¿f 10 H 2 0 26,24 
Na 3 PO^ 12 H 2 0 23,27 
NaF 3,19 
NaCI 0,19 
U 0 2 ( N 0 3 ) 2 6 H 2 0 4,70 

N a 2 S i 0 2 5 H 2 0 4,80 
N a N 0 3 323,04 

Total 399,77 

HN0 3 63 
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Octyl phenyl NN diisobutyl carbamoyl methyl phosphinc oxide 

Fig. I : EXTRACTANT5 USED 

1. Electric motor 
2. Stiner 
3. Clamp 
* . Cell 
5. Membrane 

A. Evaporator concentrate 
B. Stripping solution 
C. Membrane impregnated with solvent 

Figj_2_¿SUPPORTED LIQUID MEMBRANE 
CELL. 
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TREATMENT OF RADIOACTIVE WASTES BY A COMBINATION 
OF PRECIPITATION AND CROSSFLOW MEMBRANE FILTRATION. 

Contractor: UKAEA, AERE, HARWELL; U.K. 
Contract No.:FI. 1W.0017 UK(H) 
Duration of contract: July 1986-Deceraber 1989. 
Project leaders: R G Gutman/I W Cumming/A D Turner 

A. OBJECTIVES AND SCOPE 
The overall objective of this programme is to improve the design 

and operation of membrane plant for radioactive waste treatment by the 
incorporation of new process developments into an existing active 
ultrafiltration pilot plant facility. The plant performance is to be 
evaluated for improvements in plant throughput and decontamination 
factor when processing a real radwaste. 

B. WORK PROGRAMME 
2.2 New precipitation agents 
2.3 Tests with alternative membrane 
2.4 Tests with electrically assisted process 
2.5 Tests with ancillary equipment items 
2.6 Design, construction and operation of advanced prototype unit. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
STATE OF ADVANCEMENT 
Two new types of membrane module have been installed in the pilot 

plant facility and used to process Harwell site low level radioactive 
waste. 

One of these new modules contained ceramic microfiltration 
membranes; the other module contained novel stainless steel filters. 
Since two new membranes were tested in 1986, sufficient information has 
been acquired in order to select the most promising for further, more 
detailed, testing. 

The performance of new precipitation agents has been examined at 
both laboratory scale and in the pilot plant facility. Copper 
ferrocyanide, whose potential as a Cs137 and Co60 absorber was examined 
at the laboratory scale last year, has now been tested at the pilot 
plant scale and significant advance in understanding the mechanism of 
nuclide absorption have been made. In addition a range of new 
promising ion exchange materials, that could be used for ßf-activity 
absorption prior to ultrafiltration, has been identified and subjected 
to preliminary tests. Of these materials, zirconium phosphate and 
titanium phosphate appear to be the most promising, and titanium 
phosphate has now been produced in a form suitable for use in the pilot 
plant facility in the coming year. 

The potential for reducing membrane fouling and maintaining higher 
flux by the electrical pulse method of direct membrane cleaning (DMC) 
has been demonstrated in tests using both stainless steel 
microfiltration and zirconia/carbon composite ultrafiltration 
membranes. Design of a crossflow module incorporating DMC has now been 
completed. A prototype unit is being constructed and should be 
available for testing in the pilot plant facility during the coming 
year. 

PROGRESS AND RESULTS 
2.2 New Precipitation Agents 

The potential of some new precipitation agents to enhance ßy 
removal has been tested using both simulated wastes and real Harwell 
low level waste (LLW). The materials assessed were commercially 
available powdered forms of titanium phosphate (TiP), zirconium 
phosphate (ZrP), manganese dioxide (Mn02), polyantimonic acid (SbA) and 
ammonium molybdophosphate (AMP). TiP, ZrP and SbA all showed better ß 
removal than that achieved by copper ferrocyanide alone. In contrast 
the y removal achieved using copper ferrocyanide was better than for 
TiP, ZrP or SbA. This result suggests that Sr90 (as ß emitter) may 
have been removed from the waste by these three ion exchangers. AMP 
proved to give a poorer performance than copper ferrocyanide as a Cs137 

absorber and did not appear to improve the absorption of any other 
nuclide from LLW. Mn02 performed well as a Sr absorber at pH8 but its 
efficiency as a Sr absorber was low at pH4.5. As a result of these 
tests TiP or ZrP and SbA were selected as the absorbers with greatest 
potential for Sr removal from LLW at pH4.5. 

Initial tests also showed that TiP and copper ferrocyanide could be 
used together in the treatment of LLW. However, the combined addition 
of SbA and copper ferrocyanide to LLW gave a reduced Cs137 removal 
compared with the use of copper ferrocyanide on its own. It was also 
found that appreciable levels of antimony (- O.Smg/i"1) were present in 
the permeate. Future work will therefore concentrate on the use of TiP 
or possibly ZrP. TiP has been manufactured with a typical size range 
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of 0.02-0.04mm in contrast with the commercial powder which had a size 
range of 0.5-lmm. This freshly prepared TiP appears to give a better ß 
absorption than the powdered form 

Additional work has been carried out on the absorption of Cs137 and 
Co60 from Harwell site waste (LLW) by copper ferrocyanide. These 
experiments at both laboratory and pilot scale indicated that at 
4mg/2"1(Fe(CN)6) Cs137 was removed very effectively. The Cs137 

absorption kinetics have also been shown to be dependent on the 
concentration of copper ferrocyanide in the circuit. The absorption of 
Co60 from LLW appeared to require a minimum level of addition of copper 
ferrocyanide to the LLW. Figure 1 shows how the threshold level of 
addition was about lOmg/î"1 Fe(CN)6. 

A series of small scale ultrafiltration tests has been carried out 
on a second type of radwaste [Harwell medium level waste (MLW)] to 
determine the effect of pH on the suspended solids concentration and 
the achievable decontamination factor (DF). For two batches of MLW the 
ultrafilterable solids loading was found to increase with pH from 
125mg/i"1 at pH4 to 400mg/i at pH9. The a D.F. in both cases also 
increased from - 4 at pH5 to - 100 at pH9. 

2.3 Tests with alternative membranes 
Two further crossflow filters have been tested using the pilot 

plant. These were a Ceraver alumina membrane and a prototype Variable 
Spring Filter (VSP). The Ceraver module contained alumina membrane 
tubes with a nominal pore size of 0.2um. The tests indicated that this 
membrane reduced the permeate a activity to less than 1.5 x 10"3Bq mi-1 

whilst giving a flux of 3m d-1. 
The VSP filter consisted of six helically wound stainless steel 

elements with a total filtration area of 0.06m2. This unit was supplied 
by Parkman Group. The springs were operated with a filtration gap of 
approximately 6um. The application of filter aid was necessary to 
prevent rapid fouling of the filter. A flux of approximately 3ra.d_1 
was achieved with an a content in the filtrate of less than 1.5 x 10"3 
Bq/ml-i. 

2.4 Tests with electrically assisted process 
A microprocessor controlled test rig has been commissioned and 

used to examine the dewatering of Fe(0H)3 slurries up to 5wt% solids at 
a 5um sintered stainless steel powder filter under crossflow 
conditions. Periodic electrical cleaning (DMC) increased the 
permeation rate at a reduced crossflow velocity. With the modified 
Pall filter, the efficiency of the cleaning pulses for 3wt% Fe(0H)3 at 
lm s-1 increased up to 5s duration and current densities up to 
180mA cm"2. No further benefit was achieved for repetitions more 
frequent than 3.5 minutes. Typical improvements of 60% were observed in 
performance, although further advances may be expected for purpose 
designed equipment optimised for both crossflow and electrical 
cleaning. DMC has also been successfully used to maintain the permeate 
flux during the washing of a 5wt% Fe(0H)3 floe to reduce its salt 
content. Studies of weight loss from stainless steel filter materials 
indicate that negligible degradation is expected under operating 
conditions of pHIO, 100-200mA cm-2. 

DMC has also been further examined at a Carbosep M4 membrane on 
LLW pre-concentrated by conventional UF. In comparison to conventional 
UF, up to 100% increases in permeability (to lm d"1 bar"1) were 
observed at low crossflow (lm s"1) without any degradation in DF under 
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optimised cleaning conditions of Is pulses at 50-100mA cm~a every 20 
minutes. 

Detailed fabrication drawings for scaled-up three tube DMC filter 
units have been completed for both Carbosep M4 and sintered stainless 
steel fibre (3pm) tubes. Manufacture of the Carbosep unit is now being 
undertaken. 

2.5 Tests with ancillary equipment items 
No new pieces of equipment have been introduced to the pilot plant 

during the year. The magnetically coupled pump (manufactured by Klaus 
Union) which recirculates the concentrate around the UF loop has now 
operated for more than 6000 hours without any operational problems. 
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Electrochemical Ion-exchange/Sorption for Medium Active Liquid 
Waste Treatment 

Contractor: UKAEA, Harwell Laboratory, UK 
Contract No: FI.IW.0018.UK(H) 
Working Period: June 1986 - May 1990 
Project Leader: A.D. Turner 

A. Objectives and Scope 
The specific aim of this contract is to develop electrochemical 

ion-exchange/sorption processes (EIX) from a bench top to a demonstration 
pre-pilot scale, and verify their capabilities in the treatment of 
synthetic and genuine liquid waste streams at-flow rates of 0.1-1 wr/h 
for the removal of both 3Y and a activity. 

The programme is directed at optimizing equipment design and process 
control, and obtaining sufficient performance data on the relationships 
between flow rate, electrical current, stream decontamination and overall 
volume reduction factors so that realistic flow sheets may be drawn up. 
These could subsequently be a basis for evaluating the potential of a full 
scale plant. Other practical issues such as the degree of feed 
clarification needed before treatment will also be considered - examining 
the possibility of desorbing any colloidal fouling during the subsequent 
elution half cycle. In addition, the effect on EIX performance of the 
presence of potentially interferring ions that adversely affect normal 
ion-exchange and floe process (eg compiexing agents) will also be 
evaluated. 

Another important technical goal of the programme is to compare the 
performance of these electrochemical processes with existing treatment 
routes - such as ion-exchange, flocculation and evaporation - and 
demonstrate advantages in plant compactness, operation and effectiveness. 

B. Work Programme 
2.2 The design, construction and commissioning of a 0.1 rcr/h EIX module 

and its ancillary pumps, tanks and control gear for the treatment of 
waste solutions. 

2.3 Evaluation of 0.1 wr/h module performance on the treatment of genuine 
waste streams. Small scale supporting work on interferring ions. 

2.4 Design, construct and commission a 1 m-Vh EIX unit, incorporating any 
modifications arising from the previous tasks. Evaluate performance on 
genuine waste. 

2.5 Develop high capacity electrosorptive electrodes for the treatment of 
a bearing wastes. Examine the effect of interferring ions. 
Design, construct and commission a 10 Z/h module based on these results. 

2.6 Evaluate the performance of this unit for the treatment of genuine 
a containing wastes. 

2.7 On the basis of (2.6), design, construct and commission a 0.1 m'/h 
plant for the treatment of a wastes. Evaluate performance on genuine 
waste. 
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C. Progress of Work and Obtained Results 
Summary 

0.2 x 1 m electrodes for the 0.1 m^/h electrochemical ion-exchange 
(EIX) plant have been successfully fabricated by a mould route. Inactive 
commissioning experiments were conducted with a mixed Amberlite CG50/IRC84 
electrode identified during small scale tests to have optimal properties 
of absorption kinetics, completeness of absorption and cell resistance. At 
half the design throughput DFs of 20,000 were observed, falling to 2000 at 
75% and 200 at 100%. This decline over an extended 38 h test may have 
partly been caused by electrode deformation. A minor design change will 
prevent this occurring in future. 

Small scale tests on Zirconium Phosphate (ZrP) have shown it to have 
excellent EIX properties, although hydrolysis is observed at pH > 12. 
While this restricts its use for complete cation removal in a flow cell due 
to high current densities at the entrance of the cell, under the polarity 
reversal conditions used for enhancing selectivity, hydrolysis becomes 
negligible. A fully active 0.1m^/h plant has now been built in the 
Harwell effluent treatment centre to test 0.4 m^ ZrP electrodes for the 
treatment of active waste streams including site waste. 

A high capacity EIX system for actinide removal, suitable for scale-up, 
has still to be identified. Preliminary experiments with polyantimonic 
acid and sodium titanate gave a DF of only 1.3 for Pu removal from 
IM HNO3. In 0.1M NH4NO3 at pH 1.5, ZrP gave a DF of 2 from a 
0.1 MBq/£. solution. Some desorption was observed on polarity reversal. 
Extended surface area Ti mesh electrodes have given a DF of 1.6 in 1 h from 
a 0.1 kBq/mi, Pu solution at pH 3 - corresponding to an absorbed capacity of 
2.7 kBq/cnH of electrode. 100% desorption was observed in IM HNO3 at 
-0.45 V(SCE). Improved performance for a flow cell is anticipated from 
more alkaline pH and pre-anodized titanium. 

Progress and Results 

2.2 Design, construction of a 0.1 m^/h EIX module for the 
treatment of gy waste solutions 
The prototype inactive plant constructed during 1986 has been 

commissioned during 1987. Due to the paucity of information on inorganic 
ion-exchanger performance under electrical control at that early stage of 
the programme, organic resin electrodes were used for this demonstration. 
From small scale batch experiments, Amberlite CG50 was shown to have a 
relatively high resistance, though good absorption kinetics and able to 
reduce cation levels to < 0.1 ppm. Amberlite IRC84, on the other hand, had 
a lower resistance but had poorer kinetic and absorption limits. 
However, electrodes containing a mixture of Amberlite CG50 + IRC84 
displayed optimum properties of low electrode resistance, good kinetics and 
a low effluent cation level. Scaled-up electrodes (0.4 m*) based on this 
composition were successfully fabricated using a newly developed mould 
route. Using a 200 ppm Cs (CS2CO3) feed, concentration reductions of 
20,000 and 2000 were achieved respectively for throughputs of 50 A/h and 
75 £/h. At 100 A/h, DFs of 200-40 were measured over a further 38 hours $ 
though the decline in performance may have been partly caused by inadequate 
electrode restraint. A change in design will eliminate this problem in 
future cells. 

In parallel with this scale-up work, inorganic EIX systems have been 
examined. Small scale tests showed that they did not suffer from shape 
change during operation, were thinner by a factor of 3 than organic 
electrodes, and have the promise of superior selectivity. Zirconium 
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phosphate (ZrP) has been shown to have excellent performance for the 
removal of Cs and Sr, although hydrolysis at pH >12 leads to a reduction in 
EIX performance* While this can occur in a flow cell in the desalting 
mode, where relatively high current densities and hence pHs are experienced 
at the leading edge of the electrode, under the current reversal conditions 
used for selectivity enhancement, this is not a problem, as the current 
density distribution is more uniform. In addition, a new source of ZrP has 
been found to be ten times less susceptible to phosphate leaching. 0.4 
m^ electrodes have been made with this material and shown not to deform 
in the 0.1 m3/h flow cell. 

3 
2.3 Treatment of genuine ßy wastes in 0.1 m /h plant 
Having demonstrated EIX inactively at the 0.1 ra-Vh scale, a new plant has 
had to be built in the Harwell effluent treatment area for tests on active 
wastes (Figures 1 and 2). This also incorporates a pH control to adjust 
effluent pH during desorption in order to prevent ZrP hydrolysis. The 
plant also differs in that two opposed ZrP electrodes are being used to 
enhance selective removal by polarity reversal. The 10-20 Amp cell 
current can be switched at intervals of 1-50 seconds. After a few final 
inactive tests, active trials are expected to commence shortly. 
2.5, 2.6 Electrosorptive treatment of a wastes 

As early work had shown that Pu could be removed from quite acidic 
solution (1-5M HNO3) onto electrode materials at potentials where stable 
oxide film growth occurred (in. particular at Ti and C), further work has 
been carried out to identify electrodes with a higher absorption capacity. 
Two types of system are being examined: EIX electrodes, where a thick layer 
of absorbing material is incorporated in the structure; and high surface 
area electrically conductive electrodes. 

EIX electrodes fabricated from polyantimonic acid and sodium titanate 
were disappointing as only 20% of the Pu in a 0.01 g/i stream of IM HNO3 
was removed. However, as these are unproved EIX absorbers, further 
experiments are being conducted, on materials known to be effective under ' 
electrical control (including ZrP, oxidized carbon and. IRC718). 

Experiments on ZrP have demonstrated, a DF of 2 from a 10 ug Pu/£ in 
0.1M NH4NO3 at pH 1.5 under passive absorption. Due to the low pH, 
further electrically enhanced removal at -1 mAcm-2 was negligible, 
although some desorption. was observed, on polarity reversal. Improved 
performance is expected at pH > 4. 40% of the Pu in a pH 3 10 ug/¿ Pu 
O.IM NH4NO3 waste was removed in an hour at a 146 cm^ Ti electrode 
fabricated from mesh spot-welded, into a 7 cm3 volume. This corresponded, 
to 128 Bq/cm?, or 2.7 kBq/cm3 of electrode — a volume reduction, factor 
of 23. The optimum, potential is between 0.5 and 2 V(SCE). 100% Pu 
desorption was observed in IM HNO3 at -0.45 V(SCE). Improved, performance 
is expected, at higher pH and at pre-anodized Ti. Even from these 
pessimistic figures, the 10 £/h flow cell is estimated to be only 
30 x 8 x 4 cm. 

List of Publications 

/l/ BRIDGER, N.J., TURNER, A.D., Electrochemical Ion-exchange for medium 
active liquid waste treatment. Annual Progress Report 
June-December 1986, AERE-R12507. 
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Figure 1 General view of active 0.1 m3/h EIX plant. 
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CONDITIONING OF FUEL HULLS AND STRUCTURAL MATERIALS 
BY HIGH PRESSURE COMPACTION 

Contractor: KfK, Karlsruhe, Federal Republic of Germany 
Contract No.: FI 1W-0020-D (B) 
Duration of contract: July 1986 - December 1989 
Period covered: January 1987 - December 1987 
Project leaders: G. Boehme, H. Frotscher, S. Nazaré 
A. OBJECTIVES AND SCOPE 

In the Karlsruhe Reprocessing Plant (WAK) the LWR hull and 
structural materials wastes (H + S wastes) are embedded into concrete 
in 120 1 insert drums without reduction in volume, packaged into 200 1 
hooped barrels and transferred to an intermediate storage facility. 

The concept chosen for conditioning H + S wastes from the 
Wackersdorf reprocessing plant (WAK) is analogous to the WAK process 
with the difference that the wastes are embedded into concrete in 330 ] 
insert drums and packaged into 400 1 barrels. 

A drawback of this method is that a relatively large number of 
barrels are produced and that sufficient space must be provided for 
intermediate and ultimate storage. Likewise, the release of gaseous 
activities and H2 from the waste fixed into concrete during operation 
of the repository might be associated with drawbacks. 

KfK has been developing an alternative conditioning method 
according to which the waste is compacted by cold pressing and can be 
packaged into HLW canisters without matrix. 

B. WORK PROGRAMME 
2.3.1 Inactive investigations of the behaviour of hulls under high 

pressure on a laboratory scale. 
2.3.2 Inactive investigations of the behaviour of hulls under high 

pressure in technical scale. 
2.3.3 Determination of the surface of inactive, compacts as a function 

of the compacting pressure. 
2.3.4 Corrosion behaviour of inactive hulls in Q-brine at 90°C. 
2.3.5 Design and manufacture of press-dies and press-punches as 

prototype tools. 
2.3.6 Conceptual design of a press facility for active H + S waste 

compacting. 
2.3.7 Transport of active hulls and active densified product. 
2.3.8 Investigations of gaseous activities form active compacts. 

C. PROGRESS OF WORK AND OBTAINED RESULTS STATE OF ADVANCEMENT 
The volume reduction of Zircalloy hull and structural materials 

by cold pressing has been investigated on a lab scale. The results of 
these studies will provide the basis for the compaction of these 
materials on a technical scale. 

For the experimental work Zircalloy hulls with a length of 5 mm 
and 25 mm were used. As received as well as partly oxidized material 
was used in the experiments. The compaction was carried out in 
cylindrical dies in which a steel container with an internal diameter 
of 48 mm or 100 mm could be fitted. 

— 93 — 



For the investigations on a technical scale Zircalloy hulls and 
Carbon steel hulls with a diameter of 10 mm and a length of 50 mm and 
realistic H + S material were used. Experimental material were filled 
into thin-walled cans with a diameter of 285 mm. The press used has a 
press-force of 30 MN. The filled tins were placed into the pressing die 
and compacted with a maximum pressure of 400 MPa. The speed of the ram 
and the height of the tins were varied. The force VS. distance diagrams 
were recorded and the product density determined as function of the 
pressure. 

For the planned transport of active hulls a transport concept was 
worked out and a safety study performed. 

Progress and results 
2.3.1 Inactive investigations of the behaviour of hulls under high 
pressure on a laboratory scale 

A density of about 70% T.D. is attained with a pressure of about 
250 MPa. Considerably higher pressures are required to obtain a 
significant additional increase in density. 

A higher densification is obtained when partially oxidized hulls 
are used due to their embrittlement. 

Hull segments with a larger length: diameter ratio are oriented 
with their axis perpendicular to the pressing direction. As a result 
the compaction behaviour is improved. 

The use of lubricants does not lead to a significant improvement 
in the densification. 

The-results of the void volume analysis reveal that no major 
density gradients occur neither in the radial nor in the axial direction. 

2.3.2 Inactive investigations of the behaviour of hulls under high 
pressure on a technical scale 

- All force versus distance diagrams recorded during hull 
compression are characterized by the small rise in force up to 85% 
working stroke. Only during the last 15% of the working stroke the 
compression force undergoes a steep rise. 

- A second feature is the bent characteristic curve associated 
with the reduction in force. This course is the result of resiliance 
of elastically deformed machine parts and of the compacted waste form. 

- The maximum compression force which can be applied is limited 
by the pressing die. Of all pressing parts mechanically loaded, the 
pressing die suffers from the highest specific load. The compression 
force should not exceed 30 MN for 400 mm die diameter and 650 mm die 
length. "-

- In case of application of a compression system of large 
dimensional stability and with least résiliant waste forms a rise in 
density from 14.4 to 75% T.D. is expected. This corresponds to a 
reduction in waste volume by the factor 5.2. 

- When lubricants were used, hull boxes of different heights 
were involved and the die velocities were variable during compression, 
no significant impact on final compaction was observed in comparisons. 

2.3.3 Determination of the surface of inactive compacts as a function 
of the compacting pressure 

Quantitative image analysis is being performed on sections of the 
samples compacted on a technical scale in order to determine the porosity 
and 'porosity gradient in the samples. Initial results reveal that for 
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the height of the samples no significant porosity gradients occur in the 
samples. 

2.3.7 Transport of active hulls and active densified product 
- The concept of the planned hull transport from WAK to SCK 

includes the specification of the hull packaging, the shielding cask, 
and the loading and unloading techniques. 

The safety evaluation performed shows that self-ignition of the 
canned, not immobilized heap of hull debris due to decay heat and 
reaction heat is improbable. 

List of publications 
S. Nazaré, Semi-annual report I. 1987 
KfK-No. 04.02.06P12C, July 1987 
H. Frotscher, S. Nazaré, 
Semi-annual report II. 1987 is being prepared. 
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SOLIDIFICATION OF TRU-WASTE BY EHBEDDING IN A CERAMIC MATRIX 
Contractor : Kernforschungszentrum Karlsruhe GmbH / FRG 

Institut für Nukleare Entsorgungstechnik (INE) 
Contract N° : FI1W/0021-0 (B) 
Duration of contract:.July 01, 1986 - December 31, 1988 
Period covered : January 1987 - December 1987 
Proiect Leader : A. Loida 

A. OBJECTIVES AND SCOPE 
Ceramic materials are evaluated as'a matrix for TRU-wastes, i.e. 

'dissolver residues from reprocessing, liquid a-concentrates from fuel 
element fabrication, residues from the dry incineration and from the acid 
digestion of TRU-wastes, as well as actinide sludges precipitated from 
MAW-solutions. Clay minerals (bentonite and kaolinite) and reactive co­
rundum are preferentially selected as raw materials for the solidifica­
tion of these wastes. The main process steps are (i) pretreatment of the 
waste, (ii) mixing with ceramic raw materials, (iii) forming by extru­
sion, (iiii) drying and sintering with T = 1300°C for about 10 minu-
. > max 
tes. 

This way of TRU-waste immobilization has been demonstrated using all 
kinds of original TRU-waste known until now on lab-scale. The leach rate 
for actinides is less than 10 7/g/cmzd in water and salt brines at room 
temperature, the average open porosity < 5 volZ, the compressive strength 
> 50 N/mm2. 

Aim of the current programme is to achieve a significant volume re­
duction of the final product by applying the potential of the ceramic ma­
trix, e.g. by (i) increasing the waste loading (20 wt.-Z) and (ii) by si­
multaneous ceramization of several waste streams. 
B. WORK PROGRAMME 
B.1 : Determination of the maximum waste loading for the alumosilicate 

ceramic matrix with dissolver residues; characterization of the 
final products. 

B.2 : Determination of the maximum waste loading for the alumosilicate 
ceramic matrix; characterization of the final products with TRU-
ashes. 

B.3 : Determination of the maximum waste loading for the alumosilicate 
ceramic matrix with sludges, precipitated from acid digestion so­
lutions; characterization of the final products. 

B.4 : Determination of the maximum waste loading for the alumosilicate 
ceramic matrix with sludges, precipitated from TRU-solutions of 
the fuel element fabrication; characterization of the final pro­
duct. 

B.5 : Ceramization of TRU-waste-mixtures, according 1-4; characteriza­
tion of the final products. 

B.6 . Development of a technical process for the ceramization of TRU-
waste. Construction of a pilot plant. 
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PROGRESS OF WORK AND RESULTS OBTAINED 
State of advancement 

Main items during the year 1987 were the preparation, respectively 
the characterizations of very high TRU-waste loaded alumosilicate-based 
ceramics containing original dissolver residues from the FBR-reprocessing 
and these ceramics containing original ashes from the dry incineration of 
burnable TRU-wastes. X-ray-powder diffractometry, optical light micros­
copy and scanning electron microscopy were the mostly applied investiga­
tion methods. 

Progress and results 

1. Determination of the maximum waste loading for the ceramic matrix 
with original dissolver residues; characterization of the final 
products. 

The feasibility of conditioning dissolver residues by embedding them 
in an alumosilicate-based ceramic matrix having waste loadings up to 20 
wt.-Z has been demonstrated during earlier R&D-programmes supported by 
the CEC. In order to achieve a significant volume reduction of the final 
waste product, experiments have been performed to determine the maximum 
waste loading for the alumosilicate ceramic matrix. 

Dissolver residues from the reprocessing of spent fast breeder reac­
tor fuel elements (burnup 76 GWd/tHM) of the KNK II-reactor have been in­
corporated into the ceramic matrix (type KAB 78) with waste loadings of 
20, 30, 40 and 50 wt.-Z. 

The basic chemical composition of the different ceramic pellets is 
given in Table I. 

From the resulting ceramic pellets the following properties have 
been determined so far: chemical composition, specific a-activity (9 E 8 
Bq/g-2.2 E 9 Bq/g), density (3.20-3.90 g/cm3), mechanical strength (51-46 
N/mm2) and open porosity (2-3 volZ). 

Table I: Basic chemical composition of alumosilicate-based ceramics, 
loaded with 20, 30, 40 and 50 wt.-Z of dissolver residues 
from the reprocessing of fast breeder reactor fuel elements 

waste loading 
degree 20 30 40 50 

Component 

Matrix 80 70 60 50 
A1203, Si02,.•• 

Actinides 14 22 29 36 
Pu02, U02,... 
Fission products <4 <5 8 10 
Ru, Mo, Tc,.. . 
Stainless steel oxides <2 <3 3 <4 
Fe203, Cr203, NiO 
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By means of X-ray-powder diffractometry the phase composition of these 
specimens has been determined as an assemblage of 

- corundum (A1203) 
- mullite (Al6Si2013) 
- (Pu.U)02 
- Ru02. 

Leach-tests after the ISO-draft yielded a Plutonium leachrate in the 
range between 10 7 and 10 *g/cm2d. 

2. Determination of the maximum waste loading for the ceramic matrix, 
characterization of the final products. 

Original TRU-ashes from the dry incineration of burnable TRU-wastes, 
received from EUROCHEMIC/Mol (EUR 1/1), have been immobilized in the ce­
ramic matrix KAB 78. The waste loading ranged beetween 20, 30, 40, 50 and 
60 wt.-Z. Main chemical components of this TRU-ash were Si02, C, A1203, 
CaO, Fe203 and Na20. Its content of TRU-oxides was about 9 wt.-Z. The ba­
sic chemical composition of the sintered ceramic products is listed in 
Table II. 

Table II: Basic chemical composition of alumosilicate-based ceramics,' 
loaded with 20,30,40,50 and 60 wt.-Z of original TRU-ashes 
(EUR 1/1) in wt.-Z 

waste loading 
degree 

Component 

Matrix 
- A1203, Si02 

Ashes 
- TRU-oxides 
- Si02, A1203. 

Fe203, Na20,. 
CaO, 

20 

63.60 

1.90 
14.50 

30 

75.10 

2.60 
22.10 

40 

65.95 

3.85 
30.20 

50 

56.43 

4.85 
38.71 

60 

46.30 

6.02 
47.70 

The specific ot-activity of these TRU-ashes containing ceramics increased 
from 1.24 E 6 Bq/g (3.4 mCi/g) to 3.77 E 8 Bq/g (10.2 mCi/g) by increa­
sing the waste content from 20 to 60 wt.-Z. In function of the waste loa­
ding the densities of the ceramics decreased from 2.63 to 2.03 g/cm3, 
their compressive strength decreased from 365 to 69 N/mrn2 and their open 
porosity increased from 1.7 to 12 volZ. By means of X-rax-powderdiffra-
tometry the phase composition has been determined as listed in Table III. 
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Table III: Phase composition of the alumosilicate­based ceramics, loaded 
with original TRU­ashes from the dry incinceration (EUR 1/1) 
in function of the waste content (wt.­Z) 

waste loading 20 30 40 50 60 
Phase 

Corundum ♦♦ ♦ ♦ (t) 
A1203 

Plagioclase + + ♦ t ++ 
(Ca.Na) Al2 Si2 0B 

0<x<1 "
X + X 

Spinel 
AB20+ ( + J { + ) ♦ , ♦ ♦ ♦ 
A = Mg.Mn.Zn.Ni 
B = Al.Fe3

*,Cr
3
* 

Hematite 
Fe203 ­ (+) (♦) (♦) (♦) 
(Pu,U)02 ♦+ ++ ♦+ ♦♦ ♦♦♦ 

phase not recognizable 
(*) phase shows weak reflections 
♦ phase shows significant, strong ♦+, very strong +♦+ reflections. 

A series of leaching tests after the ISO­draft using Q­brine as solvent 
has been performed. They have been running for six months and have just 
been coming to an end. 
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DECONTAMINATION OF REPROCESSING CONCENTRATE BY MEANS OF 
INORGANIC ION EXCHANGE AND EXTRACTION CHROMATOGRAPHY 

Contractor : K f K , Karlsruhe, Federal Republic of Germany 
Contract No. : FI1W-0022 D (B) 
Durat ion of contract : July 1986 - December 1989 
Period covered: January 1987 - December 1987 
Project leader: W. Faubel 

A. OBJECTIVES AND SCOPE 
In the F.R.G., lov/ and intermediate level l iquid wastes arising during 

reprocessing operations are current ly mixed and evaporated. The result ing waste 
cal led "reprocessing concentrate" is then conditioned into cement of gamma 
emit ters (e. g. Cs-134/137, Ru-106, Sb-125 ...) important shielding of the waste 
product containers has to be provided thereby increasing by far the weight and 
volume of waste to be transported and disposed of. Noticeable economical savings 
are expected to be achieved i f reprocessing concentrate can be spl i t in to a highly 
act ive f ract ion which could be added to high level waste for v i t r i f i ca t ion and a low 
act ive f rac t ion capable to be managed wi thout cement shielding. To this end, 
previous studies have shown that decontamination factors higher than 280, 12 and 6 
should be reached for caesium, antimony and ruthenium, respect ively. 

Because decontamination of reprocessing concentrate revealed d i f f i cu l t or 
inef fect ive by means of chemical precip i tat ion especially for ant imony and 
ruthenium, this research ac t i v i t y foresees the implementat ion of inorganic ion 
exchange and extract ion chromatography as t reatment processes. 

Therefore the main object ive of this contract is to assess the performances of 
these al ternat ive t reatment processes fo r decontamination of reprocessing 
concentrate. The contract deals w i th the demonstration and feasib i l i ty for 
decontaminating medium level reprocessing concentrate through successive 
t reatment involving experiments in 1 , 20 and up to 100 l i ter of genuine waste. 

B. WORK PROGRAMME 
B . l . Experiments in a 1 1 scale in columns f i l led w i t h : 
B . l . l . Bio Bed 7 (or Lewapol R) for removing traces of organic products 

(TBP, DBP and dodecane) and glass wool for f i l t r a t i on . 
B.1.2. Ammoniummolybdato phosphate (AMP-1) for Cs separation (used as 

suspended bed column). 
B.1.3. Ant imonypentoxid ^ 2 0 5 ) and manganese dioxide (Mn02) for Sb removal . 
B.1.4. N-N'-diphenylthiourea for Ru re tent ion. 
B.1.5. N-Octyl(phenyl)-N-N'-di isobutylcarbamoylmethylphosphine oxide (CMPO) \ 

for rare earths and actinides separation. 
B . l .6 . Complementary lab-scale tests for improving Ru decontaminat ion. 
B.2. Instal lat ion of the equipment required for decontamination tests at the 

20 - 100 1 scale. 
B.2.1. Inact ive test ing. 
B.2.2. Ac t i ve test ing using genuine medium level reprocessing concentrate. 
B.3. The experimental programme w i l l be completed w i th a thorough data 

evaluat ion. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 
The technical feasib i l i ty of the par t i t ion ing of genuine concentrated n i t r i c acid 

intermediate level waste (ILW) solutions f rom PUREX process into a small high and 
a large low act ive waste volume by employing chromatographic methods has been 
demonstrated for a 1 l i te r scale. 1 3 4 C s , 1 3 7 C s were selectively separated w i th a 
decontamination factor (DF) greater than 1 • IO 5 in a newly developed "suspended 
bed" column f i l led w i th the microporous inorganic exchanger ammonium 
molybdatophosphate. 125gD a n c j the actinides/lanthanides w i th the valence state 3 + 
are retained w i th DF's between 40 and 1000 on metal oxides of Sb or Mn and on an 
ext ract ion chromatographic column containing N-Octyl(phenyl) N,N-diisobutyl 
carbamoyl methy l phosphine oxide on an organic or inorganic support, respectively. 
l u ° R u and ° °Co were removed on a column loaded w i th dimethyl glyoxime on an 
organic matr ix w i th DF's greater 20. 

The general work progress status is as fo l lows: 
B . I . , B . l . l . , B. I .2. , B. I .3. , B. I .4. , B.I .5. , B.1.6. are are completed. 

B. 2., B. 2 .1 . , B.2.2., B.3 are processing normal ly. 

Progress and results 
Experiments in 1 1 scale ( B . I . , B.3.) 

The gross decontamination of 1 l i te r concentrated aqueous, n i t r ic acid 
intermediate level waste a f ter passing the f i l t e r , the Bio Beads SM 7 and al l 
4 columns ( f ig . 1) reaches a value of to ta l ac t i v i t y , that permits to consider the 
ef f luent as low level waste (LLW). The act iv i t ies for each isotope before and af ter 
the chromatographic t reatment in Bq/1 are shown in table I / l / . 

Table I: Ac t i v i t y of ILW before and a f te r t reatment and decontamination factor 
(DF) 

Nuclide 

Am-241 
Ce-144 
Co-60 
Cs-134 
Cs-137 
Eu-154 
Eu-155 
Ru-106 
Sb-125 

Activity of ILW in 1 

before 

1.3 x 108 

1.1 x 108 

6.6 x 107 

1.3 x 108 

1.3 x 109 

1.9 x 107 

1.5 x 107 

5.2 x 108 

1.4 x 108 

3q/l 

after 

< 1.0 x 104 

< 1.0 x 104 

3.2 x 106 

< 1.9 x 104 

< 1.1 x 104 

< 1.0 x 104 

< 1.0 x 104 

2.7 x 107 

3.5 x 106 

DF 

> 1.3 x 104 

> 1.1 x 104 

2.1 x 101 

> 6.8 x 103 

> 1.2 x 105 

> 1.9 x 103 

> 1.5 x 103 

1.9 x 101 

4.0 x 101 

< under detect ion l im i t 
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The actinides/lanthanides with 3+ valence state and cesium are separated with 
decontamination factors (DF's) between 103and 1 0 5 , for Eu and Cs, respectively. 
DF's of around 20 to 40 have been reached for Co, Ru and Sb; also sufficient to 
accomplish the requirements of regulations limiting the dosis of a transported 
containement to 100 micro Sv/h in 1 meter distance from the surface. For the 
values, obtained in this work (table IV) calculations with the program PROMAX for 
filling the low level waste effluent into 400 liter drums into cement by 10 % 
loading, lead to a value far below the required 100 micro Sv/h in 1 meter distance 
from the surface /2 / . 

After solving the partitioning problem of ILW into a large volume of low level 
waste (LLW) and a relatively small volume of high level waste (HLW), the question 
comes up, how to minimize the "secondary HLW" consisting mainly of the materials 
in the columns used for the separation of the different elements? 

Beginning with the filter (fig. 1), it has beeil revealed, that the precipitate 
consists - concerning the relevant gamma emitters responsible for the radiation 
dosis - mainly of -^"Rh/Ru, whereas the organic contaminates are almost free of 
any gamma activities. In the "suspended bed" column cesium, contributing to about 
80 % to the total gamma dosis of the genuine ILW, is retained selectively on 
ammonium molybdato phosphate / 3 / , which can be easily taken out of the column 
by dissolving the exhausted AMP-1 in a very small amount of alkaline medium, 
which can be added to the vitrification process of the HLW. All following column 
materials will be foreseen for cement of bitumen products, also the glass wool 
filter. The Bio Beads SM 7 can be treated as low level waste. 

A very important parameter in this content is represented by the loading 
capacities of the various sorbing materials, which can determined for all relevant 
elements in small column experiments adding to a simulated ILW or 1 M HNO3 
solution the adequate amounts of tracers and carriers of the specific nuclides and 
elements, respectively; except for antimony and ruthenium for chemical reasons, 
namely, the nearly insolubility of antimony and the tremendous variety of 
ruthenium complexes in nitric acid solutions, not permitting suitable simulation of 
Ru-species /4/ . For cesium, the loading capacity of about 60 gCs^QAMP-l ' n 

different nitric acid concentrations has been already published / 3 / . In order to 
determine loading capacity of the 3+ valent actinides and Ianthanides breakthrough 
curves for europium have been measured, as mentioned above, using 1 5 2 Q , tracer 
and a 1 • 10*^ M Eu-carrier in 1 M HNO3 with and without a high salt loading of 
300 g NaN03, the maximum occurring in the ILW. The increase of the 
breakthrough, defind as the first point of measureable activity above the detection 
limit of the Ge-detector, by a factor of 2 from 11 to 22 g Qj/kg r e s { n can be 
explained by the so called "salting out" effect. Furthermore experiments to elute 
the europium from the CMPO resin employing a weak alkaline medium (pH 8) 
revealed a significant influence on the temperature, diminishing the elution volume 
from 60 to 15 ml by increase of the temperature from 25 to 75°C; opening the 
possibility of a reuse of this relatively costly CMPO resin. 

Data evalution (B.3.) 
Taking into account on one hand the capacities of each column material and on 

the other the existant quantity of elements in the ILW, the needed amount of resins 
for a 350 tons/year reprocessing plant can be extrapolated. In the case of unknown 
the breakthrough curves of relevant elements, the numbers of necessary column 
materials is estimated from the 1 liter experiments. The results, depicted in 
table II, show that a total amount of about 300 kg per year secondary waste are to 
be expected on column materials. 
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Table I I : Secondary wastes arising f rom column materials by reprocessing of 
350 tons 

Est imated values taking as a basis the 1 1 experiments 

Amount of mater ia l 
[ kg ] 

70* 
50* 

2 

70* 

30 

70* 

to ta l 292 

HI Faubel, W., Menzler, P.-M., Sameh A. A l i , RECOD 87, Paris, Aug. 23 - 27 
(1987). 

IV Hauser, W., report K fK -3825 (1985). 
PI Faubel, W., Sameh A. A l i , Radiochimica Acta 40, 49 - 56 (1986). 
IM Blasius, E., Gla tz , J.-P. , Neumann, W., Radiochimica Acta 29, 159 - 166 

(1981). 

Names of 
mater ials 

glaswool 

SM 7 

A M P - 1 

Sb2Ü5/Mn02 

CMPO 

DMG/carbon 

List of publications 

i 

name 

-

organics 

CS 

Sb, Mo 

R, E + Lh 

Co + Ru 

elements 
amount 

[g/350 t ] 

-

-

105 

1155 

552 

5600 

" 
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Am, Eu, Ru, Co 

• • - • ■ ■-■'■■■-■-■ 

ìiFILTERr?; 

Cs 
Sb 
Am 

E" 

Co 

ILW 

-org. 

y?ţy.iwg;fr 

>pret. 
/ 

oq. 

Sb.Am, Eu.Ru.Co Ito. Co 

Fig. 1: Flowsheet of the chromatographic decontamination 
of ILW solutions. 
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IMMOBILIZATION OF TRITIATED WASTE WATERS GENERATED DURING 
REPROCESSING BY SOLIDIFICATION AS ZIRCONIUM HYDRIDE 

Contractor : KFA, Jülich, Federal Republic of Germany 
Contract No. : FI1W/0139 
Duration of contract : September 1987 - December 1989 
Period covered : September 1987 - December 1987 
Project leader : H.J. Riedel 

A. OBJECTIVES AND SCOPE 
At present time it is planned to manage the tritiated waste waters 

which will be generated at the Wackersdorf reprocessing plant by simple 
injection into deep geological formations. An alternative management route 
is the immobilization of tritiated waste waters in a cementitous matrix 
followed by disposal in deep geological formations. However still another 
fixation option may be worthwhile further exploration. Zirconium sponge 
which traps gaseous tritium as zirconium hydride appears to be likely the 
most promising one, as shown in privious investigations carried out 
worldwide and also at KFA-Jülich. 

These are the goals of the project: 
- Identification of the tritiated waste waters which are expected to arise 
from the Wackersdorf reprocessing plant in order to define a represen­
tative waste for the subsequent experimental tests. 

- Investigation of the possible electrodes poisoning, using suitable 
electrolysers. Particularly the nature of the interfering species 
influencing the lifetime and performance shall be investigated as well 
as the possible contamination of the generated hydrogen. 

- Characterisation of zirconium hydride to demonstrate its suitability. 
- Engineering aspects. 
- Safety aspects. 

B. WORK PROGRAMME 
2.2 The different streams of tritiated waste waters which are expected 

to arise from the operation of the Wackersdorf reprocessing plant 
were identified as well as their chemical and radiochemical 
composition. 

2.3.1 Before the enrichment of tritium by catalytic-chemical exchange and 
electrolysis can be carried out, remaining contaminations in the 
waste water must be removed by means of a pretreatment step, 
i.e. ion exchange or distillation. The decontamination factors 
achieved hereby will be reported. 

2.3.2 Using an electrolyser operating with a Solid Polymer Electrode 
(SPE), experiments concerning the lifetime and performance 
modifications of the SPE by contaminations were started. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

2.2 INCIDENCE AND DISTRIBUTION OF TRITIUM IN THE REPROCESSING OF LWR 
NUCLEAR FUELS 
The major fraction of the fuel element tritium inventory goes into 

solution during fuel dissolution, partly in the form of tritiated water, 
while a further fraction remains bound as a hydride in the zircaloy 
cladding. 

In the PUREX-process, in order to keep the quantity of tritiated 
water as small as possible an additional tritium scrubbing column, TS, is 
connected in series. In this column the organic product flow from the HS 
column is washed by tritium-free nitric acid TSS and the tritium is thus 
practically completely reextracted /1/. Less than 1 % of the initial TS 
inventory then still remains in the organic product flow, that is < 0,02 % 
of the fuel element tritium content. In contrast to the tritium-free TSS 
solution, the other scrubbing solutions of the highly active extraction 
fraction such as HAS and HSS, as well as the nitric acid used for fuel 
dissolution and HAF adjustment, are produced using recycled water from the 
high active cycle and are thus tritiated. It is thus possible to restrict 
the tritium in a small volume of water to the high active sector of the 
reprocessing plant and to withdraw the excess water from the acid recovery 
facility. 

The quantity of excess water at a reprocessing plant of 350 tonnes of 
uranium per year, as planned for the Wackersdorf site, amounts approx. 
700 m /a, with a tritium content of about 2,6 PBq (70 000 Ci), 
corresponding to approx. 32 % of the initial tritium inventory. 

This tritiated waste water still contains slight metallic impurities 
as well as fission product and actinide contaminations. The DWK (German 
Company for the Reprocessing of Nuclear Fuels) assumes the following 
values for a burn-up of 40 GWd/t and a cooling down period of 7 years: 

Tritium 3,7 x 1 ol.2 Bq/m^ (100 Ci/m3A 
fission products 2,1 x 10,1 Bq/m (10~c: Ci/m ) 
actinides 7 x 10b Bq/rn (10"^ Ci/ni ) 

"Table I" gives details of nuclide specifications. The table is based 
on data compiled by the DBE (German Company for the Construction an 
Operation of Final Repositories) on the basis of DWK information and their 
own research /2/, as yet no data are actually available from the 
Wackersdorf reprocessing plant. 

2.3.1 PRETREATMENT OF THE TRITIATED EXCESS WATER FOR ELECTROLYSIS 
Tritium must be removed from excess waste water, i.e. it would have 

to be enriched and electrolysed to form gaseous HT for the fixation in 
form of zirconium hydride. 

, The excess water still contains impurities and radioactive 
contaminations which may impair the devices in the combinded electrolysis 
exchange process (CECE). This excess water must therefore be subjected to 
pretreatment since for instance electrolysers may only be operated with 
water of an electrical conductivity of < 2 |j.S. 

For the experiments on a pretreatment of the excess water (crude 
waste) by distillation, a simulated crude waste solution was prepared with 
the composition given in "Table II". The solution had a pH-value: 2.3; 
conductance: 29,8 \iS. 
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Distillation without previous neutralization led to a insufficient 
decontamination of only 13.1 % (DF = 8). When the initial solution was 
neutralized and the distillation was performed via a 30 cm long 
rectification column, only 1 % of the initial radioactivity was present in 
the distillate (DF = 100; pH-value: 7; conductance: 0.147 u.S). 

A relativly large measuring error resulted due to the low count rates 
in the measuring speciems of the distillates. In the following experiments 
100 times the quantity of the radionuclides Ru+Rh-106, Ce+Pr-144, 1-131, 
Cs-137, relative to the reference solution was added. 

The results of the overall radioactivity measurements and individual 
nuclide determinations by gamma-spectrometry are summarized in 
"Table III". 

2.3.2 ELECTROLYSIS EXPERIMENTS 
The first electrolysis experiments were carried out with a hydrogen 

generator model 7525 operated together with a solid polymer electrode 
(SPE) supplied by the PACKARD Instrument Company. This device requires a 
good water quality of < 5x10 Ohm/cm, i.e. < 2 |j.S. It electrolyzes 245 
ccm/day of water and generates 13.5 1 of hydrogen gas per hour. 

In order to test the ion loading capacity and thus the lifetime of an 
SPE cell in an initial quick-motion experiment, a solution with 
3.5 x 10 7g/l of potassium iodine, corresponding to 8.2 x 10" g/1 K and 
2.7 x 10~ g/1 I, was applied as simulate. After electrolysing 5 liters of 
this solution (ion supply = 4.1 x 10~ g K and 1.34 x 10" g I) the 
operating voltage of the SPE has risen from originally 5.2 V to 7.3 V and 
the electrolyser could no longer be operated. 

These experiments, in particular those about the behaviour of 1-131 
and Cs-137 contaminants remaining in the distillates, will be continued. 

REFERENCES 
/1/ BAUMGÄRTNER, F., Thiemig Taschenbücher, Volume 66, Part II 

pp 1-33, München (1978) 
/2/ DBE., private information 
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TABLE I: IMPURITIES AND NUCLIDE SPECIFICATIONS IN THE EXCESS WATER (CRUDE 
WASTE) FROM REPROCESSING 

IMPURITIES: 

Nuclide 

H-3 
Sr-90 
Y-90 
Ru-106 
Rh-106 
Cs-134 
Cs-137 
Ba-137m 
Ce-144 
Pr-144 
1-129 

Fe: 
Mn: 
HNO3 

0,2 mg/l 
0,1 mg/l 
: 0,006 Mole/l 

spec. activity 
Bq/m

3 

3,7 
3,61 
3,16 
1,79 
1,79 
1,64 
5,59 
5,32 
1,37 
1,37 
4,13 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

HTO 
10

12 

10
6 

10
6 

10
5 

10
5 ■ 

10
6 

10
6 

10
6 

10
5 

10
5 

10
5 

Cr: 
Ce: 

Nuclide 

Pu-238 
Pu-239 
Pu-240 
Pu-242 
Pu-244 
Pu-241 
Am-241 
Cm-244 

0,1 mg/1 
0,3 mg/1 

spec, activity 
Bq/m

3 

J 
> 9,1 x 
] 
' 

1,74 x 
1,1 X 
5,9 x 

HTO 

10
2 

10
4 

10
5 

10
5 

TABLE II: SIMULATED "CRUDE WASTE"-S0LUTI0N 

Nuclide 

Ru+Rh-106 
Ce+Pr-144 
Cs-137 
I-I29 
Fe 
Mn 
Cr 
Ce 

Bq/1 

1.79 
1.37 
5.59 
4.13 

_ 
_ 
_ 

-

2 
x 10 

2 
x 10 
x 103 

x 102 

_ 
_ 
_ 

-

1.3 
1.16 
1.7 
6.3 
2 
1 
1 
3 

g/1 
x 10 

-12 
i x 10 
x 10~9 

x 10"5 x) 
_4 

x 10 
-4 

x 10 
_4 

x 10 
-4 

x 10 

x) 
1-131 was used instead of 1-129 
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TABLE III. RADIOACTIVITY AND INDIVIDUAL NUCLIDES IN THE DISTILLATES 

o 
-activity 

metry 

137 Cs 
131. 

144 Ce-Pr 
106 Ru-Rh 

+ ) 

experiment 4 experiment 5 
batch 
(Bq) distillate 

(Bq) % batch 
(Bq) 

- ac t i v i t y " ~ 
- p e c t r o - 2 , A 6 J M 0 6 „ , ^ „ ^ ^ 

1,55 x 10c 

2,5 x 10C 

V l x 10 8,5 x 103 0,9 2 >4 x 105 

4,9 x 10 

9,3 x 10 

= too low count rates, not évaluable 

experiment 6 
distillate 
(Bq) % batch 

(Bq) distillate 
(Bq) % 

crystaír ^ * 1° 3,8 x 103 0,55 4,09 x 105 1,65 x 103 65 x 10J 0,4 7,53 x 105 2,61 x - 3 
10" 0,35 

1'x 10 0,34 3,78 x 106 1,35 x 10A 0, 36 

1 x 10 0,4 2,65 x 106 7,5 x 103 0,28 

+ + 1,75 x 106 5,8 x 103 0,33 

4,3 x 10 

+ 5,57 x 10 



DECONTAMINATION OF PU CONTAINING INCINERATOR ASHES 
Contractor; Kernforschungszentrum Karlsruhe GmbH / FRG 

Institut für Nukleare Entsorgungstechnik (INE) 
Contract N°: FI1W/0H0-0(B) 
Duration of contract: September 1987 - December 1989 
Period covered: September 1987 - December 1987 
Proiect Leader: H. Wieczorek 

A. Objectives and scope 
Amongst the different treatment options for solid Pu containing 

waste (PCW), incineration appears as one of the most promising one be­
cause of the high volume reduction factor achieved. Accordingly, the high 
Pu content in the resulting incinerator ashes could cause problems in 
view of the disposal criteria set up by safety authorities. Likewise, it 
may be valuable to recover Pu from these ashes for recycling in LWRs. 

Since some of Pu is present in the ashes as refractory Pu02, its 
dissolution in an aqueous medium requires the use of strongly corrosive 
media such as mixtures of HN03/HF which are difficult to recycle in the 
Purex process. 

Therefore, the main aim of this R&D activity is to develop a new 
process for recovering Pu from incinerator ashes which is capable to meet 
three basic requirements: easiness of implementation, high Pu-recovery 
yields and no generation of major quantities of secondary wastes. 

B. Work programme 
2.3. Literature survey 
2.4. Evaluation of the tests performed in the ALONA plant. 
2.5.1. Characterization of the KfK and Harcoule incinerator ashes. 
2.5.2. Pretreatment of ashes. 
2.5.3. Pu-recovery from ashes. 
2.5.4. Pu-purification. 
2.5.5. Secondary waste. 
2.6. Drawing-up of basic flow-sheets. 
2.7. Cost evaluation. 
2.8. Conclusions. 

C. Progress of work and obtained results 
State of advancement 

The programme started in September 1987. Besides first results 
on the subjects indicated under 2.3.-2.5.1., the installations required 
have been ordered for execution of work under 2.5.2.-2.5.4. 

Progress and results 
2.3. The dissolving medium most frequently applied for refractory plu­
tonium oxide is HNO3/HF. If optimal conditions are maintained, 99 percent 
of plutonium can be dissolved within 3 hours. Process experience is avai­
lable from processing 200 g plutonium per batch. 

Since the process is applied only for recovery of weapon grade 
fissile material, the disadvantages of this process such as corrosion of 
the process installation and high quantity of secondary waste produced 
are rather considered to command less priority. 
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Dissolution of Pu02 in incinerator ashes from wastes produced in 
the Hox-fuel fabrication will probably not require strong dissolution 
agents such as HN03/HF. However, other constituents of the ashes, espe­
cially chlorine and carbon, complicate the dissolution of plutonium oxide 
as experienced in electrochemical dissolution processes. Hot sulphuric 
acid readily dissolves Pu02 contained in the ashes. But its use is limit­
ed by the saturation of ash constituents to 0.6 kg ashes per liter sul­
phuric acid. 
2.;. In the ALONA plant 9.9 kg of incincerator ashes containing nearly 
600 g of plutonium were treated in 1985 using hot sulphuric acid as dis­
solution agent for Pu02. Within 15 hours 99 percent of plutonium was con-
converted from oxide into sulphate which is only soluble in this agent up 
to 0.2 g Pu/1. The purification of plutonium by extraction with Primene-
JMT 0.65 M in octanol/kerosene and subsequent precipitation as oxalate 
showed no differences with respect to processing plutonium from burnable 
solid waste. 
2.5.1 The Marcoule incinerator ashes were produced by incineration of 
Eurochemics burnable Pu-containing waste. This waste was produced mainly 
in installations used for conversion of plutonium nitrate to oxide. Since 
the temperature in the first chamber of the incinerator did not exceed 
800°C, the ashes adopted a dark grey colour due to the carbon residues 
(24 percent). The plutonium content amounts to 9.4 Z (Am, U, 0.2 Z each). 
The main non-radioactive constituents are: Si (16Z), Al (10Z), Ca (9Z), 
Fe (6Z), Na (3Z), and Zn (21). The content of chlorine amounts to 5Z. 

The ash is ground in a "heavy duty" coffee mill. The mean partic­
le size after grinding was estimated at 0.05 mm. The ground material was 
homogenised in a cylindrical PVC-container equipped with longitudiual 
baffle blades; its free volume was more than 60Z. 
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2.C. Optimization of waste management at source 
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OPTIMIZATION OF WASTE MANAGEMENT AT SOURCE 

Contractor; Associated Nuclear Services, Epsom, UK 
Contract No.: FI1W/0023 
Duration of contract; December 1987 - December 1988 
Period covered; December 1987 - December 1988 
Project Leader; M.W. Wakerley 

A. OBJECTIVES AND SCOPE 

Within the Community many countries have a large number of nuclear 
facilities producing radioactive waste. The largest volume of these was­
tes are in the low level category and disposal of low level waste (LLW) 
is practised in several countries. The study has concentrated on means 
of minimizing such wastes at their points of arising by either additional 
equipment and or administrative controls. The largest amounts of activ­
ity in wastes are associated with intermediate (ILW) and high level was­
tes (HLW) but arising of these waste are mainly set by the chosen process 
and the operator has less scope for optimizing the management of such 
wastes.* 

The goals of the project have been: 

- collation and review of information on waste management practices at a 
number of different types of nuclear facilities, relating to the opti­
mization of wastes at source; 

- identification of the factors limiting efficient segregation of diff­
erent waste types from each other. 

The project has been predominantly funded by the UK Department of 
the Environment (DoE) and reflects a UK perspective. 

B. WORK PROGRAMME 

1. Review of international literature relating to the optimization of 
the management of LLW (and some ILW). Use was made of computer 
search facilities of large data basis in Europe containing informa­
tion on European and American practices. 

2. Visits to a range of nuclear facilities so as to establish current 
waste management practices and the constraints imposed upon the 
operators. The facility types were: 

(a) Fuel fabrication plant 
(b) Reactors (Magnox, Advanced Gas Cooled and Pressurised water) 
(c) Reprocessing plant 
(d) Research centre 
(e) Radio-isotope production unit 
(f) Hospital using radionuclides 

3. Collation and analysis of the results of the literature survey and 
visits. 
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C4 PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement: 

- the literature review was undertaken; 

- visits were made to: 

(a) Springfields Nuclear Fuel Fabrication Plant, in England, a 
large facility for natural and enriched uranium fuel produc­
tion. 

(b) Doel, a four unit Pressurised Water Reactor site in Belgium. 
Hinkley Point, England, a site with both Magnox and Advanced 
Gas Cooled Reactors. Nuclear Waste Technology Branch of the 
Central Electricity Generating Board at Barnwood, England.-

(c) A brief visit to La Hague, France as part of RECOD 87 was made. 
Formal visits to the Sellafield, England and La Hague nuclear 
fuel reprocessing plants were not possible. 

(d) Dounreay Nuclear Power Development Establishment, Scotland, a 
centre for fast reactor reprocessing technololgy. 

(e) Amersham International's radio-isotope production plant at 
Amersham, England. 

(f) Royal Marsden Hospital, England which has a large radiotherapy 
unit. 

- the results of the literature survey and visits were collated and 
analysed. 

PROGRESS AND RESULTS 

The programme of work has been completed and a draft report has been 
submitted in the CEC and DoE. The final report is being issued. The 
main conclusions are: 

(a) Optimization of waste management by actions taken at source implies 
trade-offs between costs and impacts. However, waste minimization 
offers scope for reduced costs without increased impacts. 

(b) Much of the ILW and HLW produced is a direct product of processes 
and almost the only optimization that can be performed for these 
wastes is the prevention of excessive dilution of the wastes. The 
main scope for optimization of waste lies with the minimization of 
the activity in and volumes of raw LLW. 

(c) The major advantages of decreasing the activity and volume of waste 
appear to be threefold: 
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reduced short-term costs of waste treatment, transport and 
disposal; 

conservation of existing storage and disposal sites and hence 
delaying new investment and/or shut-down of a facility and 
thereby reducing long-term costs; 

reduced operator dose, although shorter exposure to more 
concentrated waste might mean the reduction is slight unless 
self shielding is significant. 

(d) The two main ways in which waste can be minimized by actions taken 
at source are facility and equipment design and administrative 
control. 

(e) With regard to facilities and equipment, the aim of minimization of 
the generation of raw wastes is best accomplished by incorporation 
of features at the early design stage. A large number of examples 
have been given for the different types of nuclear facilities. 

(f) With regard to administrative measures the aim of minimization of 
the generation of raw wastes can best be accomplished by having an 
organisational structure which ensures responsibilities for all 
aspects of waste management are defined. A number of examples of 
administrative measures have been given. 

(g) It would appear that the best results with regard to waste 
minimization on a site are produced when the waste management group 
has specialist staff available to deal with all solid, liquid and 
gaseous wastes. There is a very considerable interplay between the 
management of the wastes in the different phases. 

(h) The accountability of waste producers for the treatment of their 
wastes should be encouraged - Education is necessary to overcome the 
'them' and 'us' attitude observed in some large organisations where 
operators regard waste handling as someone elses problem. 

(i) Comprehensive education of operators appears essential. Starting 
with induction courses and followed by regular 'refreshers' attempts 
must be made to create operator awareness of the consequences of 
waste production. 

(j) As a part of the training of stores and operational staff the fact 
must be emphasized that materials such as packaging which is 
excluded from the active areas cannot become 'suspect' contaminated 
waste, for which appropriata and costly treatment and disposal must 
be provided. 

(k) There is often a conflict between working practices designed for 
ease of operation, safety and perceived cost with the wish to 
minimize wastes. 
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(1) Segregation is most frequently practised not at source but once was­
tes have been aggregated. There is a large body of evidence that 
suggests that a large percentagle of the volume of LLW is below the 
LLW limits. 

(m) Segregation at source or once wastes are aggregated requires a high 
level of operator training and specialised instrumentation. As 
pressure rises due to disposal costs escalation more emphasis is 
likely to be placed on the provision of instrumentation to allow 
greater segregation. 

(n) A vast array of techniques are available for processing wastes once 
they have been minimized at source, segregated and aggregated. 
These been described. 
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Minimization of voltine and Pu content of wastes fron a plutonium 
fuel fabrication plant 

Contractor : BELGONUCLEAIRE N.V., Dessel, Belgium 
Contract N° : FI1W/0024 
Duration of contract : ïlay 1986 - October 1988 
Period covered : January 1987 - December 1987 
Project leader : H. Pauwels 

A. Objectives and Scope 
The main objective of the programme is to conceive, to develop and 

to apply at BELGONUCLEAIRE's Pu fuel fabrication plant a series of tech­
niques, working procedures and equipnent aiming at a minimization of the 
volume and Pu content of the waste arising during the operation of the 
plant and/or at the dismantling of the installations. 

The amount and the nature of the Pu contaminated waste generated by 
future Pu fuel fabrication plants have been estimated within the frame­
work of past R & D programmes. In the present programme, the interests 
of which are of both an ecological and an economical nature, the various 
waste streams will be characterized in a qualitative and quantitative 
way in order to allow the elaboration of a waste minimization strategy 
by the development and application of techniques, concepts and systems 
leading to a reduction of the volume and/or Pu content of the various 
waste forms produced. The principle of reduction of the waste at the 
originating source will be put into practice up to a maximum. 

B. Work Programme 
B.l. Determination of the characteristics of the equipment used at the 

BELGONUCLEAIRE plant for measuring the Pu content of the waste. 
B.2. Results from the application of techniques, concepts and systems 

for : . 
B.2.1. -the confinement of Pu bearing powders within tight equipment. 
B.2.2. -the limitation of the contamination within the glove boxes. 
B.2.3. -the transfer of Pu bearing materials in reusable containers. 
B.2.4. -the transfer of Pu bearing. materials using new purged posting 

systems. 
B.2.5. -the reduction of waste with high Pu content by the gradual 

replacement of destructive testing by non-destructive testing. 
B.3. Qualitative and quantitative characterization of the waste gene­

rated at a Pu fuel fabrication plant; identification of the waste 
producing fabrication steps; classification of the waste as a 
function of the conditioning and final disposal criteria. 
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C. Progress of work and obtained results 

State of advancement 
The work on the individual tasks is progressing as scheduled in the 

work programme, the only exception being the task B.2.4; the work on the 
latter task will be started in 1988. 

The waste drum scanner has been calibrated in 3 Pu concentration 
ranges; the detection limit and the variability of the geometric effi­
ciency in the very low concentration range have been determined. 

As to the items 3.2.1 and B.2.2, systems are installed to confine 
the Pu bearing powders as much as possible within tight equipment. At 
the spots where the tightness of the equipnent cannot be realized a 
spread of the Pu bearing powder is avoided by creating an air stream 
barrier and sucking the dust laden air into a dust collecting and sepa­
rating unit. The installation of these systems has resulted in a sub­
stantial reduction of both the volume and Pu content of the waste produ­
ced. 

As to the item B.3, detailed statistics have been worked out with 
respect to the waste production during 1986, during 1987 and during a 
past reference period. 

Progress and results 
1. Determination of the characteristics of the equipment used at the 

BELGONUCLEAIRS plant for measuring the Pu content of the waste (B.l) 
Almost the whole of the solid Pu-contaminated waste produced at the 

BELGONUCLEAIRE MOX fuel fabrication plant is packed in tin cans, the vo­
lume of which is about 25 liters. Their Pu content is determined by 
means of an apparatus of the RLMCC type (High Level Neutron Coincidence 
Counter), i.e. the model DRC-100 from the IRT Corporation, San Diego, 
USA. 

The geometric efficiency of the system, i.e. the response to a fis­
sion source placed at any position within the sample cavity has to be as 
constant as possible since in practice the position of the Pu in a waste 
can is not known. The extent of this effect.in the very low concentra­
tion range has been determined by performing measurements on waste cans 
which contained very small amounts of Pu at different positions within a 
non-contaminated waste matrix. It was shown by these measurements that 
the effect of the geometric efficiency variability becomes fairly impor­
tant in the very low concentration range; at the detection limit of the 
apparatus the standard deviation on the Pu-weight which is caused by 
this effect may be as high as 35 %. 

The waste drum scanner has been calibrated in three Pu concentra­
tion ranges by performing measurements on a series of simulated x-raste 
cans filled with a non-contaminated combustible waste matrix which con­
tained samples 'of a fully characterized Pu(>2 powder. The procentual 
root-mean-square deviations in the low, the medium and the high Pu con­
centration range are 4.13 %, 2.29 % and 1.78 %, respectively. 

The detection limit of a neutron coincidence counter in a given 
configuration is mainly governed by the variability of the background 
and the length of the counting period. In order to estimate the detec­
tion limit of the neutron coincidence counter in its practical condi­
tions of use the variability of the background has been determined by 
performing long series of blank measurements on waste cans which were 
filled with a non-contaminated waste matrix. At the 3 ¡f level the de­
tection limits associated with counting periods of 100, 300 and 1400 s 
are 36, 19 and 5 mg Pu, respectively. 
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2. Results from the application of techniques, concepts and systems for: 
­ the confinement of Pu hearing powders within tight equipment (B.2.1) 
­ the limitation of the contamination within the glove boxes (B.2.2Ţ 
Waste production statistics have shown that in a MOX fuel fabrica­

tion plant more than 70 % of the Pu­contaminated solid waste is genera­
ted either during operations which involve the handling and transfer of 
powders or during the grinding of the sintered fuel pellets. Another . 
conclusion which can be drawn from the waste production statistics is 
that these dust generating operations cause about 90 % of the total 
irrecoverable Pu losses during the MOX fuel fabrication process. These 
considerations have led 3ELG0NUCLEAIRE to the development and the in­
stallation of systems in which : 
­ the Pu bearing ponders are confined as much as possible within tight 
equipment installed within tight glove boxes and kept at a negative 
pressure with respect to the internal glove box atmosphere ('fourth 
confinement barrier1); 

­ at the spots where the tightness of the equipment cannot be realized a 
spread of the Pu bearing powder is avoided by creating an air stream 
barrier and sucking the dust laden air into a dust collecting and 
separating unit. This unit consists of the following components : 
. dust collection points whera air is sucked into the confining equip­
ment creating in this way an air screen in the gap between the pow­
der supplying and receiving parts of the equipment 

. a high throughput cyclone 

. a high efficiency cyclone 

. an electrostatic precipitator (optional) 

. a high efficiency air filter 

. an exhaust fan 
Up to now BELGONUCLEAIRË has installed 5 standard dust collecting 

and separating units in its MOX fuel fabrication line. Three of them are 
in active operation; the remaining ones will be commissioned during 
1988. Dust collection points are installed at every spot where a spread 
of Pu­bearing dust may arise. 

The main conclusions which can be drawn from the operating expe­
rience gained up to now are the following : 
­ the amount of powder which is sucked into the dust collecting and 
separating units may range from 0.08 % to 0.50 % of the total amount 
of powder being transferred; 95 to 99.5 % of this fraction is retained 
by the cyclones; 

­ the powder fractions which are collected in the two cyclones can be 
directly recycled into the MOX fuel fabrication process; 

­ the glove boxes in which dust collection points are installed remain 
remarkably clean as compared with the old situation; 

­ it is estimated that by the systematic application of the fourth con­
finement barrier concept and the installation of dust collecting and 
separating units the volume of Pu­contaminated waste is reduced by 10 
to 15 Z; 

- the application of this concept and the installation of these units 
reduce the Pu content of the waste in a spectacular way; it is estima­
ted that this reduction amounts to about 80 %. 

3. The transfer of Pu hearing materials in reusable containers (B.2.3) 
As it is the common concern of the different Pu02 receiving com­

panies to minimize the amount of waste constituted by non­reusable 
packaging components a reusable PuÛ2 powder can of the type presently 
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used by BELGON'JCLEAIRE has been proposed as a substitute for the primary 
can of the COGEMA PuC>2 packaging concept. Although the parties con­
cerned showed interest in this solution, it has not been retained. In 
the short range an inter-plant reuse of contaminated PuO£ packaging 
components seems not possible. On the contrary, the idea of a maximum 
internal reuse of such components gains more and more ground. 
The powder can presently used by BELGONUCLEAIRE for internal storage and 
transfer purposes has a very simple design. The internal height and dia­
meter of the can are 221 and 100 mm, respectively; its capacity is about 
3.5 kg of MOX powder at a powder density of 2.5. 

Several hundreds of these cans are in use within the BELGOMUCLEAIRE 
MOX fuel fabrication plant. They contain all kinds of powder blends and 
scrap material. 

4. The reduction of waste with high Pu content by the gradual replace­
ment of destructive testing by non-destructive testing (B.2.5) 
The destructive method for the determination of the Pu content of 

the incoming Pu02 powder has been replaced by a non-destructive check 
of the relative homogeneity of each of the PUO9 powder lots received. 
The total neutron flux of each can belonging to a given powder lot is 
measured and plotted as a function of the Pu content of the can as re­
ported by the PuÛ2 supplier. By applying a linear regression method 
on these data it is possible to point out the cans the results of which 
are outlying. 

Presently, most of the Pu and impurity determinations are carried 
out on a composite sample taken from a 750 kg inspection lot instead of 
sampling and analysing each individual powder blend (70 to 75 kg). 
It is estimated that by this reduction of the number of Pu and impurity 
determinations the amount of Pu lost in the effluents from these analy­
ses is reduced by a factor of 4. 

5. Qualitative and quantitative characterization of the waste generated 
at a Pu fuel fabrication plant; identification of the waste producing 
fabrication steps (B.3) 
Detailed statistics have been worked out with respect to the waste 

production during 1936, during 1987 and during a past reference period. 
The main results are sumnarized in table I. 
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Table I : Waste product ion a t the BELGONUCLEAIRE MOX fue l f a b r i c a t i o n p lan t 

|1. Solid Pu-suspected waste 
I Amount produced 
IVolume per kg of Pu in the final product 
1 (fuel rods) 
I Split-up according to the nature : 
|- combustible 
|- non-combustible, compactible (except J 
|- non-combustible, compactible filters 
|- non-combustible, non-compactible 

|2. Solid Pu-contaminated waste . 
I Amount produced 
iVolume per kg of Pu in the final prot 
1 Split-up according to the nature : 
|- combustible 
|- non-combustible, compactible 
|- non-combustible, non-compactible 
I Split-up according to the Pu-content 
1 0 to 0.4 g Pu per unit volume of 
1 0.4 to 2 g Pu per unit volume of 
1 2 to 5 g Pu per unit volume of 
1 5 to 10 g Pu per unit volume of 
110 to 15 g Pu per unit volume of 
|15 to 30 g Pu per unit volume of 
I 30 to 50 g Pu per unit volume of 
1 50 g Pu per unit volume of 

filters) 

iuct 

I 
25 
25 
25 
25 
25 
25 
25 
25 

1 
1 
1 
1 
1 
1 
1 
1 

Production 
during the 

rel 
past 

cerence 
period 

22 
66. S 

67.7 
12.4 
17.8 
2.1 

.5 m3 
1/kg 

% by 
% by 
% by 
% by 

17.1 m: 

50.8 

48.6 
43.5 
7.9 

41.5 
25.3 
12.8 
7.4 
5.7 
3.4 
2.5 
1.4 

1/kg 

% bv 
% by 
% by 

% by 
% by 
% by 
% by 
% by 
% by 
% by 
% by 

Pu 

vol. 
vol. 
vol. 
vol. 

) 
Pu 

vol. 
vol. 
vol. 

vol. 
vol. 
vol. 
vol. 
vol. 
vol. 
vol. 
vol. 

Product! 
during 
1986 

20.8 m3 
60.3 1/kg 

74.2 % by 
4.4 % by 

19.0 % by 
2.4 % by 

14.3 m3 

41.8 1/kg 

64.8 % by 
31.5 % by 
3.7 % by 

53.2 % by 
36.2 % by 
3.5 % by 
1.9 % by 
0.2 % by 
0 % by 
0 % by 
0 % by 

on 

Pu 

vol. 
vol. 
vol. 
vol. 

; Pu 

vol. 
vol. 
vol. 

vol. 
vol. 
vol. 
vol. 
vol. 
vol. 
vol. 
vol. 

Production 
during 
1987 

32.4 a3 

46.2 1/kg 

80.0 % by 
4.5 % by 

13.2 % by 
2.3 % by 

21.5 m3 

30.7 1/kg 

60.3 % by 
32.7 % by 
7.0 % by 

63.6 % by 
29.7 % by 
4.9 % by 
1.2 % by 
0.2 % by 
0.2 % by 
0.2 % by 
0 % by 

. 

; Pu 

vol. 
vol. 
vol. 
vol. 

; Pu 

vol. 
vol. 
vol. 

vol. 
vol. 
vol. 
vol. 
vol. 
vol. 
vol. 
vol. 

Estimated pro-| 
duction figures| 
relating to a | 
35 tHM plant | 

45 m3 1 
25 1/kg Pu ¡ 

80 
4 
14 
2 

% by vol. | 
% by vol. | 
% by vol. | 
% by vol. | 

36 m3 1 
20 1/ke Pu I 

~65 
^/35 
¿ 2 

-^65 
o-»30 
~ 5 
< 1 

-¿JD.2 
<0.2 
-CO. 2 
<0.1 

% by vol. | 
% by vol. | 
% by vol. | 

% by vol. | 
% by vol. | 
% by vol. | 
% by vol. | 
% by vol. | 
% by vol. | 
% by vol. | 
% by vol. | 



Table I ( c o n t ' d ) 

M 

|Split­up according to the waste producing 
loporations : 
| . normal operations : 
| ­ first blending and raicronization of the 
| UO2 and PuÛ2 pov/ders 
| ­ second blending of the powders? 
| ­ pellet fabrication 
| ­ filling and closing of fuel rods 
| ­ destructive testing 
|. exceptional operations : 
| ­ major adaptations of the MOX fuel fabri­
| cation line 
I ­ major repairs of equipment 
|Total Pu content of the solid waste 
|Amount of Pu lost under the form of solid 
| waste (expressed as a percentage of the 
j total Pu­throughput of the MOX fuel fabri­
| cation line) 

|3. Liquid Pu­contaminated waste 
IAmount of liquid Pu­contaminated waste 
I produced 
I Total Pu­content 
lAmount of Pu lost under the form of liquid 
I waste (expressed as a percentage of the 
| total Pu­throughput of the MOX fuel fabri­
| cation line) 

■ ­

­

­

­

­

­

3.29 kg Pu 
0.98 % 

2.35 m3 

105 g Pu 
0.031 % 

37.6 

35.1 
11.2 
16.1 

0 % 

0 % 

% by vol. 

% by vol. 
% by vol. 
% by vol. 

by vol. 

by vol. 
0.41 kg Pu 

( 

0 

14 
0 

3.12 % 

.75 m3 

.3 f» Pu 
004 % 

30.5 % by vol. 

36.7 % by vol. 
15.6 % by vol. 
8.9 % by vol. 

1.0 % by vol. 

7.3 % by vol. 
0.68 kg Pu 
0.10 % 

0.60 m3 

3 g Pu 
0.001 % 

35 to 45% by vol.¡ 

10 to 15% by vol.| 
15 to 20% by vol.j 
15 to 20% by vol.| 
5 to 10% by vol.1 

¿C\ % by volume | 

< 1 % by volume | 
(s<l kg Pu | 
~0.06 % | 

v l m3 | 

~»15 g Pu 1 
¿0.001 % 1 
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CHAPTER 3 
TASK No. 3 : TESTING AND EVALUATION OF CONDITIONED WASTE AND QUALIFICA-
. TION OF ENGINEERED BARRIERS 

A. Objectives 

Assessment and modelling of the long-term behaviour of engineered 
barriers (waste conditioning matrices, containers, buffer materials, 
etc ...) 

Establishment of quality assurance in radioactive waste management 

Integration of European research effort in the above fields. 

B. Research topics dealt with under the 1980-1984 programme 

Characterization of medium-activity waste forms : 

- Work was carried out on the stability of ten of the commonest forms 
of low- and medium-activity wastes in the Community (e.g. ion 
exchange resins fixed in epoxy matrices, reprocessing sludges cast 
in cement or bitumen, etc . . . ) . 

Characterization öf solidified high-activity waste forms : 

- Several reference materials (e.g. borosilicate and vitreous ceramic 
glasses) were defined and investigated in the framework of a 
co-ordinated Community action. The investigations concerned : 

. the leaching of glasses, 

. the effects of leachants, 

. the thermal stability, 

. the radiation damage, 

. the mechanical strength and fracture mechanics. 

Work on engineered barriers : 

- Selection of materials for high-activity waste containers and 
assessment of their long-term behaviour 

- Selection and characterization of suitable buffer materials. 

C. 1985-1989 programme 

a) Research on medium-active waste form characterization 

- Long-term leaching behaviour : 

. Modelling of nuclide release phenomena in various repository 
environments 

. Experimental studies to investigate the associated mechanisms 
and to validate predictive models. 
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- In addition to these studies, investigations on the most 
important synergistic and radiation induced effects, such as 
swelling, shrinking, fissuring, gas release and possible 
reactions between waste and matrix materials, will be carried 
out. 

b) Research on high-active waste form characterization 

- On the basis of the results of the preceding programme, 
characterization research on solidified high-level waste will be 
carried out on a limited number (3-4) of reference borosilicate 
• glasses. 

- The data obtained from the above-mentioned research will be 
validated and the relevant mechanisms will be modelled. 

c) Other engineered barriers 

- The following subjects will be investigated : 

. Completion of the testing programme started during the 
1980-1984 period, on corrosion behaviour of selected materials 
for high-activity waste containers and subsequent modelling of 
corrosion phenomena. 

•Characterization, on a laboratory scale, of candidate buffer 
materials and linings 

. Long-term effects of irradiation on barriers. 

d) Development of standard test methods 

- A major action will be launched to harmonize test methods for 
the research outlined in the preceding paragraphs. 

e) Development of test for quality control and quality inspection 
purposes 

D. Programme implementation 

44 contracts have been signed and the available information is listed 
thereafter. 
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3.A. Medium-active waste from characterization 
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Medium Active Vaste Form Characterisation: 
The Performance of Cement-Based Systems 

Contractor: University of Aberdeen, Old Aberdeen, UK. 
Contract Ho. Fl IV 0025 UK (H>. 
Duration of Contract: 1st May '86 to 31 Dec. 1989. 
Project Leader: F.P. Glasser. 
A. Objectives and Scope 

The project identifies the important features of cements and of 
blended cement pastes which will enable their long-term suitability as 
host matrices for radioactive waste to be defined. The modelling of 
cement degradation based on solubili ties of calcium silicate hydrate 
gels is pursued and extended to incorporate other chemical components, 
e.g. alkalis. The importance of blending agents to system properties is 
assessed and the effects of inorganic and organic additives are 
reviewed. Solid-phase development in hydrating pastes is under 
investigation for application to a constitutional model and radiation 
effects, as well as interactions between the matrix and specific 
radwaste components, are being studied. 

B. York Programmft 
B.1. Solubility properties of several cement hydration products 

have been determined and applied to predictive models. 
Sorption experiments have been carried out using these products 
and electrochemical measurements have been conducted on 
extruded pore fluids. 

B.2. Cements have been blended with slag and property measurements, 
as in B. 1, have been executed along with phase characterisation 
studies. 

B.3. The effects of organics on cement hydration have been reviewed 
and specific radwaste(U, I)-cement interactions have been 
investigated as in B. 1. 

B.4. Radiation effects on gas evolution and systen En are being 
assessed for Portland cement and its blends with pulverised fly 
ash <PFA). 

C. The basic property measurements have led ,to the development of an 
equilibrium phase distribution model for cements blended with slag. The 
solution properties are predicted for the long-term based on this and 
earlier models for C-S-H /1,2/. Electrochemical measurements in slag 
cement pore waters have improved in reproducibility due to modified 
technique and the methods employed for chemical analyses of pore fluids 
are now capable of determining different aqueous sulphur species with a 
view to identifying potentially relevant electrochemical couples. 
Specific interations between U and cements has led to the identification 
of a calcium uranium hydrate which has favourable properties for the 
immobilisation of U in cements. I species are found to be sorbed by 
calcium aluminate sulphate hydrates. The effects of organics on cement 
hydration have been reviewed and an extensive list of substances has 
been categorised into their appropriate effects on cement set, e.g. 
retarders, accelerators etc. Specific organics such as TBP are 
currently being equilibrated with calcium silicates and calcium 
aluminates. The irradiation of cements and PFA-cements at dose rates 
of 2.8 kGy.hr-1 lead to a drop in EM although the PFA cement, under 
continued irradiation, shows a slow drift to more oxidising potentials. 
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Progress and Results 
1. Development of the Phase Distribution Model 

Phase characterisation studies on slag-cements coupled with 
literature evidence has led to the identification of potential long-term 
products of hydration for this system. These products are arranged 
into the assemblages illustrated in Figure 1 which are consistent with 
short-term expermental observations and thermodynamic limitations such 
that an equilibrium distribution of phases is predicted. Figure 2 
shows the results for a range of slag: cement blends, the slag and cement 
having a typical chemical composition. The aqueous chemistry is 
predicted from solubility product data derived both from the literature 
/2,3,4/ and experiment. Two invariant points in the appropriate 
portion of the CaO-AlaOa-SiOÄ-HaO system have been identified and Table 
I shows solution compositions at these points. Intermediate aqueous 
compositions have also been predicted. 

Solubility Property Measurements * 
Solubility measurements on calcium silicate hydrate gels at 25°C 

have been extended to incorporate other components; gels have been 
prepared to contain Na20, Ks>0 and CaS04.2H2Q and samples have been taken 
for analyses after ageing. .Figure 3 shows typical aqueous composition 
data for ïa*-bearing gels; coexisting solid compositions are 
illustrated in Figure 4. Difficulties, caused by leaching of soluble 
alkalis during gel washing, have arisen and some account of this has 
been taken in interpretation of results. ; 

Electrochemical Measurements 
These have been obtained by a recently improved technique which 

reduces the risk of atmospheric oxidation of the sample. . Results 
continue to substantiate the very reducing environment which occurs in 
high slag blends. These redox conditions are well poised with high 
aqueous concentrations of S 2 - between 75 and 360ppm. 

2. Aqueous Chemistry in Slag-Cements 
An electrochemical titration technique /5/ has been employed to 

determine the relative amounts of aqueous sulphur species. S2~ is 
obtained directly and [SO32- + SaCb2-] are obtained together, although 
it is not clear, as yet, whether the latter are oxidation products of 
S2- caused by atmospheric contamination or if they were originally 
present in the pore fluid. A typical titration curve is shown in Figure 
5. This titration can be extended to include determination of S° 
present in the polysulphide fraction, Sn2- but further trials -are 
required to assess the suitability of the procedure to slag-cements. 
Progress is currently being made with uv-visible spectrophotometry of 
slag cement pore fluids which produce spectra confirming the presence of 
S2-. Additionally, a small absorption at X ~ 350nm (see Figure 6) may 
be due to polysulphide. It is anticipated that quantitative data may 
be obtained by this method using the spectral information for sulphide 
species given in Table II /6,7,8/. 

3. Specific Radwaste-Cement Interactions 
Uranium 
Uranium has been introduced to cement as UOadTOs^.õH^O and UQa. 

Analyses of extruded pore waters has shown the uranium concentration to 
be substantially reduced from the original hydrating concentration. 
The presence of slag enhances this retention of U by about one order of 
magnitude. Basic property measurements in the CaO-UOa-HsO (Figure 7) 
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system has led to the identification of a calcium uranium hydrate 
CasUOs.1.3-1.7H20 and a more crystalline phase CaO.ôüOa. IIHÄO. In the 
presence of excess Ca(OH)2 the former, more amorphous, phase is stable 
and therefore may immobilise Ü from solution. Solubility data for both 
calcium uranium hydrates are given in Table III, 

lodins. 
Concentrations are also found to be considerably reduced when 

aqueous iodine solutions are used to hydrate cements and slag cements, 
and the I~ and IOs- are assumed to be sorbed into the calcium aluminate 
sulphate hydrates AFro and AF*. Figure 8 illustrates the sorptive effect 
where OPC is found to be a better sorber than slag-cement. The 
dilution effect of the slag is thought to be the cause since a smaller 
volume of hydrates is produced in the short term. The redox properties 
of I are important. Figure 9 shows the relevant speciation. IQ3-
added to slag-cements is quickly reduced to I-. 

4. Radiation Effects 
Cements and blended cements have been exposed to Y irradiation 

after crushing and slurrying with distilled water. All samples were 
made to water/solid ratios of 0.34 and were cured for S days at 55°C 
prior to irradiation. The variation in Eh was obtained using a Pt 
electrode. Figure 10 shows the results for OPC. The negative shift of 
Em with time suggests a predominance of reduced species in the pore 
fluid. Previous studies had shown OPC to evolve H2 during irradiation 
and absorb Oz /9/ and this is consistent with the observed variation in 
En. Similar behaviour is observed for 3:1 PFA cement although the 
initially reducing effect is reversed on continued radiolysis. It 
appears that reduced species are. not as long-lived as in the case of 
OPC, but O2 is still absorbed. 

List of Publications 

1. Atkins, M., Beckly, A.N. and Glasser, F.P., "Influence of Cement on 
the Hear Field Environment and its Specific Interactions with 
Uranium and Iodine". Presented at "Migration '87" in Munich due 
ta be published in Radiochimica Acta. 

2. Glasser, F.P., Macphee, O.E. and. Lachawski, E.E., "Modelling 
Approach ta the Prediction of Equilibrium. Phase Distribution in 
Slag-çement Blends and their Solubility Properties". Presented at 
Materials Research. Society Meeting in Boston due to be published 
in "Scientific Basis for Nuclear Vaste Management XI". 
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Table I: Aqueous Compositions at Invariant Points 
in the Simulated BFS­OPC System 

Species Point 1 Point 2 

[Ca
a
*]fr­­

[CaOH*] 
[Al(OH)A"] 
CHaSiCU

3
­] 

[ HaSiCU­] 
[OH"] 
pH 

10.21xl0"
3
M 

4.73xl0~
3
M 

2.42xlO~
A
M 

6.09x10"
7
M 

1.93xl0­
7
M 

20.42xl0­
3
M 

12.31 

13.81xl0­
3
M 

8.66xl0"
3
M 

3.47xlO~
s
M 

1.57xl0~
7
M 

0.37xl0~
7
M 

27.62xl0"
3
M 

12.44 

Point 1: Aqueous composition above three solids, gehlenite 
hydrate + C­S­H (Ca/Si=0.9) + Ca4AlÄ(0H)nt.6Ha0. 

Point 2: Aqueous composition above thres solids, calcium 
hydroxide + C­S­H (Ca/Si=1.8> + Ca^AlzíOH^.ôIfeO. 

Table II: Spectral Information 
Determinaţii 

Species 

s=­
HS~ 
SsOa*­

SO3
2
­

'polysulphides 
Sz

2
­

S3=­

s4=­

Ss=­

Relevant to Quantitive 
an of Aqueous 

Xmaw (nn) 

245 
230 
217 
~227 

360 
420 
370 
300 
380 
300 

sulphide species 

^L­

9100 
7200 
3900 

similar to S2O3' 

850 
95 
320 
1140 
640 
2000 

Data from references /6/, /?/ and /8/. 
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Table III: Solubility Data for calcium uranium hydrate 
phases, aged 7 days. 

Becquerelite 

Ca0.6U0a.HHa0 CaaU0s.l.3-1.7Ha0 
Medium 

Vater 
Ca(0H)2<pH~9.5) 
Ca<0H)2<ptri2.5> 
simulated 
pore f l u i d 

[CalxlO- 3 

0.18 
0.33 

18.84 

0.17 

<M> [UlxlO-3<M> 

0.008 
0.08 
0.006 

0.004 

[CalxlO-3 

2.87 
0.042 

19.58 

0.62 

(X) [Ulxl0-3<M> 

0.0006 
0.001 
0.004 

0.002 

Simulated pore fluid corresponds to equal quantities 
of 0.2M KOH + 0.67M HaOH. 

Al203 

F i g . 1 . 
P h a s e r e l a t i o n s i n 
t h e w a t e r s a t u r a t e d 
C a O - A l 2 0 3 - S i 0 2 - M g O 
s y s t e m 
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Fig. 2, Phase distribution in slag-cements 
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[Na] vs [Ca] and [Na] vs [Si] plots 
2wk samples 
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Study of Leaching Mechanisms of Ions Incorporated in Cenent or 
Simple Polymer 

Contractor: Greek AEC, "Demokritos" Center, Greece 
Contract No.: FI1W/0026/00 
Duration of Contract: May 1986-June 1988 
Project Leaders: S.G. Amarantos, J.H. Petropoulos 

A. OBJECTIVES AND SCOPE 
The factors and mechanisms which govern the elution of certain ions 

from solidified low and medium level radioactive wastes in contact with 
water require further elucidation. Here, we study experimentally the 
kinetics of (i) leaching of Cs+ and Sr"1""1" from solids simulating concentra­
tes embedded in cement, and (ii) leaching from model systems consisting of 
a polymer (cellulose acetate or an epoxy resin)and a soluble or insoluble 
salt. The development of theoretical modelling of the kinetics of ion 
release is also envisaged. 

The main ultimate objective of this project is to provide the funda­
mental knowledge necessary for the sound evaluation of the hazard of long-
term environmental radioactive pollution (via natural waters) from waste 
disposal sites. 

B. WORK PROGRAM 
B.1 Cement 
(i) Leaching kinetics of Cs in relation to the distribution of the ion 

in the specimen at various stages of the leaching process, 
(ii) Examination of the effect of temperature on leaching rate by means 

of parallel experiments at different temperatures. 
(iii) Effect of changing the thickness of the sample on the elution curve, 
(iv) Examination of the possibility of setting up a theoretical model for 

the representation of the elution kinetic curve of Cs. 
(v) Effect of atmospheric C02 on the elution of Sr, in relation to the 

Sr content of the sample. 

B. 2 Polymer 
(i) Further experimental investigation of the cellulose acetate-salt 

system (effect of salt solubility, salt content, salt particle size 
or polymer water content). 

(ii) Development of a more sophisticated theoretical model to describe the 
elution kinetics of soluble salts in particular, 

(iii) Preliminary investigation of leaching of specimensof a simple salt 
embedded in epoxy resin. 
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C. PROGRESS OF WORK AND RESULTS OBTAINED 
State of advancement 

The study of leaching kinetics of inactive Cs. embedded in cement in 
the form of CS2SO4, as well as the determination of the distribution of Cs 
in the relevant samples at various stages of the elution process and compa­
rison with theoretical Fickian concentration profiles, were continued. 
Similar elution studies with specimens containing Cs-137, minor quantities 
of CSNO3 as carrier and NaNO3 were begun. In order to study the effect of 
atmospheric CO2 on the elution of Sr++ in relation to the Sr content four 
series of specimens were prepared. 

The elution of CaS04 and SrS04 embedded in polymer produced by hydro­
lysis of cellulose acetate was studied and preliminary experiments for the 
study of leaching of NaCl and SrS04 embedded in epoxy resin were begun. 

The leaching behavior predicted by the-theoretical model previously 
developed to describe the elution of soluble salts from a hydrophobic poly­
mer, was studied by means of model calculations. 

The WORK PROGRAM is progressing normally except item B.l(v) which 
started with some delay. 

Progress and Results 
1. Studies with cemented specimens (B.l) • 

The leaching experiments at 30° and 70 C of the three series of 
cylindrical cement specimens previously prepared /l/ of height £=4 cm 
(Series A at 30° and B at 70°C) or I = 1.2 cm (Series C at 30°C) and diame­
ter <\>4 cm containing inactive CS2SO4 ̂ 3.4% by wt were continued. A new 
series of samples of the same form and size as in series A and B containing 
Cs-137 C1O µCi/sample),CSNO3 (0.017% by wt) and NaN03 (̂ 8% by wt) was 
prepared and subjected to leaching at 30°C by stagnant distilled water 111. 
The study of the distribution of non-eluted Cs in cement was continued, by 
slicing (into seven slices) of duplicate specimens of series A, B or D, at 
appropriate times in the course of leaching, and determining the concentra­
tion of Cs in each slice. 

Elution curves typical of series A, B, C and D are presented in Fig.l, 
where the fractional amounts eluted (Zan/Ao) are plotted on a Æ basis. 
The plots for thick specimens (Series A,D) remain linear. The plots for 
thinner samples (Series C) curve downwards in. keeping with the fact that 
Ean/Ao> 50% for these specimens /3,4/. At 70°C (Series B),some concave 
upward curvature can be discerned in the Ec^/Ao vs Æ plots, implying some 
acceleration of the elution process, perhaps due to pore enlargement and/or 
early release of Cs located in "gel" regions. The Fickian diffusion coeffi­
cients (D) of series A, B and C specimens estimated from the linear parts 
of the /t plots did not differ significantly from the values derived pre­
viously when the leaching tests were less advanced /1/. Series D(Cs-137) 
specimens yield D=4.8-7.4x10"^ crn^s-! i.e. ̂ 5 times lower than the corres­
ponding values of Series A /2/. 

The distribution profiles of non-eluted. Cs at different stages of the 
leaching tests for series B (70°C) are presented in Fig. 2 (where C=measured 
concentration of Cs in a slice of the specimen located at distance x from 
the exposed surface and C0=initial Cs concentration). The experimental 
results have been fitted by theoretical curves calculated from the appro­
priate Fick law solution (equations 3.13 and 4.17 of ref. 131) with D and 
surface concentration C1 as indicated. The degree of fit seems reasonable 
and values of D employed agree with those obtained from the Æ plots of 
amounts eluted provided that the latter are corrected for the value of CI/CQ 
in order to take into account the portion of non readily eluted Cs. 
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Four series of cement samples (diameter =4 cm and height =4 cm) each 
containing ̂ 20 yCi Sr-90 (as Sr(N03>2) and 8% by wt of NaN03 (Series E,F) 
or MO yCi of Sr-90 (as Sr(N03)2), 0.15% by wt of Sr(N03)2 and 82 by wt of 
NaN03 (Series G,H) were prepared under full (Series E,G) or minimum (Series 
F,H) exposure to atmospheric CO2 and will be subjected to leaching at 30°C. 

2. Salt-Polymer Systems (B.2(i) ,B.2(iii)) 
2 Cellulose films of thickness ViOO urn and area 10 cm containing ca. 

10%, 25% or 40% by vol. of CaS04 or SrS04 were obtained by hydrolysing the 
corresponding salt-loaded cellulose acetate films /4/. Leaching tests were 
performed by agitating the sample in frequently renewed water at 25°C. The 
elution curves follow a /t law in conformity with the Higuchi equations 
/4/, with diffusion coefficient or permeability much higher than that of 
the corresponding cellulose acetate films, in keeping with the higher amount 
of imbibed water in cellulose. 

Elution tests of NaCl or SrS04 embedded in epoxy resin (Ciba-Geigy 
Araldite LY554 resin mixed with Hardener HY554 in the ratio 100:20 by weight 
cured at room temperature)have been started. The samples were in the form 
of discs of thickness £==0.7 cm and diameter ̂ 5 cm (with only one flat 
surface exposed to eluant), containing 12%, 25% or 40% of salt by volume, 
and were subjected to leaching by stagnant distilled water at 30°C. The 
relevant elution curves, presented in Fig. 3 are linear vs Æ as far as 
they go at present. The percentage amounts eluted are much lower, and 
depend on AQ more markedly, in the case of the sparingly soluble salt 
(SrS04). In all these respects, the elution behaviour observed here is 
generally similar to that exhibited by cellulose acetate and cellulose 
specimens /2,4/. 

3. Model computations for the elution of soluble salts from polymer 
matrices (B.2(ii) ) 
The effect of the most important parameters of the model previously 

developed /l/ was studied by means of model computations. In particular, 
we investigated the form of the elution curve as a function of (i) the 
relative water and salt diffusion rates, (ii) the maximum value of water 
content in the presence of salts and (iii) the salt load. 

References 
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Figure 1. Elution curves of Cs from duplicate cemented specimens containing 
inactive Cs2S04 (3.4% wt) at 70° (Series B; •, ■ ) or 30°C 
(Series A,C; o,a , V, A) or Cs­137 (10 yCi/sample), CsNOg 
(0.017% wt) and NaNO, (8% wt) at 30°C (Series D; o,Œ). Sample 
thicknesses: 1.2 cm (Series C; V,A) or 4.0 cm (Series A,B,D; 
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Figure 2. Distribution of Cs in cement samples after 6 (o,«), 21 (A,A), 
57 ( Ü , B ) , 114 (V,T) or 174 (a,*) days of elution at 70°C. 
Amounts eluted (%): 10.2 (o), 11.5 (•), 22.1 (A), 24.0 (A), 
37.1 ( a ) , 45.0 ( ■ ) , 54.5 (V), 65.0 (T), 76.0 (a) or 82.0 (r). 
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Mechanisms and interaction phenomena influencing release in low-
and medium-level waste disposal systems. 

Contractor: Risø National Laboratory, Denmark. 
Contract No; FI 1W-0089-DK (B) 
Working Period: July 1986 to December 1987 extended to December 1989. 
Project Leader: ' K. Brodersen. 

A. Objectives and Scope 
Improved understanding of interaction phenomena influencing the 

nearfield in disposal systems for conditioned low- and medium-level radio­
active waste is necessary for advanced safety assessments of such systems. 

One topic is the diffusive transport from waste through barriers of 
concrete or clay as influenced by internal or external conditions. The 
composition of water in equilibrium with various types of waste and con­
crete is influencing concrete corrosion and the possibility of crack-
healing in concrete barriers. The influence of pore type distribution on 
diffusive transport through concrete is investigated. SANS-measurements 
are used in an attempt to follow the structure of degrading concrete. 
Consultations with Harwell have been held in this connection. 

Some bituminized waste products tend to swell and may thereby damage 
the outer barriers when exposed to water. Pressure build-up due to this 
mechanism will be followed. Metabolic products and other effects of growth 
of micro-organisms on bitumen may influence solubility-controlled leaching 
and will be investigated. Measurements of flow properties of bituminized 
waste will be used to demonstrate ageing effects in the materials. 

B. Work Program 
B.l. Diffusive transport in porous barriers. 
B.2. Leaching compared with diffusion through slabs. 
B.3. Self-healing of cracks or macro-pores in concrete. 
B.4. Reactions between thin plates of cement paste. 
B.5. SANS-measurements. 
B.6. Volume stability of cemented ion-exchange resins. 
B.7. Hygroscopic properties of bituminized or cemented waste. 
B.8. Swelling forces due to water uptake in bituminized waste. 
B.9. Diffusion through bitumen membranes. 
B.10. Microbial degradation of bituminized materials. 
B.ll. Flow properties of ageing bituminized materials. 
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C. Progress of work and obtained results 
State of advancement 

The work during the 2. and 3. half-year of the contract has covered 
most of the topics originally proposed. However, repeated or new experi­
ments are needed i some areas to reach final conclusions. This will be 
done under the extension of the contract. 

Progress and Results 
1. Diffusive transport in porous barriers (B.l.) 

The release of 134cs and öi3Sr from samples of cemented sodium nitrate 
(simulated RMA8) through low-quality barriers of concrete or kaolin were 
followed for 16 systems representing various conditions. It was found 
that Cs-release was enhanced by increased Na and K concentrations, by 
the presence of complexing agents and, somewhat surprising, by reducing 
conditions. The tendency to Sr-release is lower than for Cs and is strongly 
decreased in carbonate-containing water. The presence of slowly corroding 
iron has no immediate effect on the releases. Simulation of the experiments 
using the COLUMN code is delayed. A suplementary investigation of equili­
brium extraction of small pieces of the material indicates that only 
about 20 % of the 85Sr can be easily extracted. 
2. Leaching compared with diffusion through slabs (B.2.) 

The transport of 134Cs and tritiated water in leaching of samles of 
5 different types of concrete have been compared with the transport through 
slabs of the same materials mounted in diffusion cells. 

It was found that the effective diffusion coefficients describing 
the leaching results increased with increasing water/cement ratio in the 
concrete. The same is the case for the permeability coefficient obtained 
from the flux through the slabs, while the diffusion coefficients obtained 
from the time-lags were of the same order of magnitude and probably deter­
mined by a few micro-defects in the slabs. The permeability was especially 
low for the sample containing silica-fume. The results are in general 
argeement with the theory based on pore structures formulated in /l/. 
3. Deposition and degradation reactions in concrete. 

A method for demonstrating the possibility of crack healing in samples 
of damaged concrete is under development, and decreasing hydraulic conduc­
tivities have been obtained as indication for crack healing. However, the 
results so far are mainly within the area of methodolody development. 

A series of experiments has been conducted where two thin plates 
cast from (activated) cement paste of various types were equilibrated in 
contact with a small amount of water. Transport of Ca from plate to plate 
and deposition of new material was demonstrated. This is indirect evidence 
for crack healing mechanisms under suitable conditions and is also of 
interest in connection with leaching and degradation of concrete. 

A method using small angle neutron scattering (SANS) to study the 
structure of thin plates of cement paste degraded by leaching, or in other 
ways, has been developed. The results on fresh samples are in agreement 
with Harwell studies on hardening cement paste /2/. Preliminary results 
on highly degraded cement paste indicate surprisingly high degrees of re­
tention of the micro-structure even after removal of most of the calcium. 
4. Cemented ion-exchange resins. (B.6.) 

In absence of specifications for RMA3, samples of 8 different compo-
sitons of mixed-bed ion-exchange resin solidified in cement have been 
prepared. IX-contents from 10 to 12 % were included while the water/cement 
ratio (at 45% water in the resin beads) varied between 0.22 and 0.39. 
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The samples were tested for leaching of macro-components, water 
uptake and volume stability. The swelling was in general below 0.5 vol % 
after 200 days in water except for the sample with highest IX-content and 
w/c ratio, where the swelling reached 1.2 %. The samples appeared to be 
practicaly undamaged at the end of the water exposure, but after a period 
with air drying and renewed water immersion many of the samples failed 
completely. Ony two with silica-fume additive and two with low IX-content 
and low w/c ratio are still intact. The experience illustrates that cyclic 
testing is important for the evaluation of the volume stability. 
5. Hygroscopic properties of cemented or bituminized waste (B.7.) 

Water uptake in waste materials containing soluble salts, e.g. RMA8 
or RMA9, occurs not only in contact with liquid water, but also from high 
humidity air. The phenomenon has been demonstrated for samples of cemented 
sodium nitrate as well as inactive Eurobitumen. The water uptake is asso­
ciated with accumulation of strong salt solutions on the sample surface. 
The phenomenon may have safety implications under certain storage or dis­
posal conditions. 
6. Water diffusion in bitumen and swelling due to water uptake (B.8.,B.9.) 

Diffusion of 134cs and tritiated water trough membranes made from 
bitumen containing precipitation sludges is under investigation. Thin 
membranes (~0.5 mm) are difficult to make without defects. Only preliminary 
results are available for thicker ones (~2 mm). 

Unrestricted swelling and Na -leaching fra samples of inactive 
Eurobitumen exposed to water has been measured and was found to be conside­
rably less than for active samples investigated at Mol /3/. 

Swelling forces developing due to water uptake in a confined sample 
of the inactive Eurobitumen are followed and has after 170 days reached 
about 1 bar. The pressure is increasing slowly, but nearly linearily with 
time. 
7. Microbial degradation. (B.10.) 1 3 4 

An experiment with microbial degradation of Cs containing nickel 
ferrocyanide precipitation sludge in presence of bitumen may indicate 
somewhat enhanced release of Cs. However, simultaneous contact with high 
pH water, eg. from equilibration with concrete, appears to be more impor­
tant. Futher experiments are planned. 
8. Ageing of bituminized materials (B.ll.) 

The flow properties of some 3.5 years old samles of bituminized ion 
exchange resin or sodium nitrate have been remeasured after undisturbed 
storage af 20°C. The viscosities appears to be increasing nearly propor­
tionally with the square root of time. The viscocity i increased about a 
factor 4 in 3.5 years for all the materials.. 
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Colloids Related to Low Level and Intermediate Level Waste 

Contractor; UKAEA, Harwell, UK 
Contract N°; Fl1W/0090-1 
Working Period: January 1987 - December 1987 
Project Leader: J.D.F. Ramsay 

A. OBJECTIVES AND.SCOPE 
There is an increasing interest in the potential role of colloids 

in radionuclide migration processes /1,4/. The mechanisms of release 
of radionuclides from cement are of importance in predicting the 
long-term behaviour of low and intermediate level waste and here the 
near-field effects of colloids are very poorly understood. 

Our objectives in this contract are: ^ 
to characterise and investigate the mechanisms by which colloids may 
form in cement leachates, with particular attention to the 
composition, age and structure of the cement, 
to determine the properties of colloids which may occur in repository 
environments and establish the effects of the near-field aqueous 
chemistry on their behaviour, and 
to assess the radionuclides incorporation and sorption of such 
colloids. 

This investigation is seen as providing basic information on 
cement leaching mechanisms and reference data for the transport 
modelling of colloids in the near-field environment. It is further 
anticipated that this contract will provide background for a second 
phase of experimental investigation of colloid migration and sorption 
behaviour which will have a direct application for transport 
modelling. 

B. WORK PROGRAMME 
B.l. Studies of colloids in cement leachates. 
B.l.l. Develop procedures for cement formulation and leaching. 
B.1.2. Establish light scattering techniques for characterisation of 

colloids in leachate samples. 
B.1.3. Fractionate leachate colloids and characterise by light 

scattering and identify by electron microscopy and chemical 
analysis. 

B.1.4. Investigate effects of cement composition and additives on 
colloids in leachates. 

B.l.5. Investigate radionuclide association with colloids. 
B.2. Characterisation of colloids in repository environments *-

near-field chemical interactions. 
B.3. Determine colloid sorption behaviour. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

In our previous report 111 preliminary experimental 
investigations of colloids and fine particulates in leachates from 
pure OPC cement were described using a combination of ultrafiltration 
and scanning electron microscopy together with light scattering 
techniques and it was concluded that a process of particle growth 
leading to the formation of colloidal aggregates occurred. 

These investigations have been extended to include other OPC 
formulations containing BFS and PFA. Detailed examinations of 
filtered (nucleopore) particulates using SEM/EDAX techniques have been 
made. The effects of leaching temperature and prolonged contact time 
on the elemental composition and morphology of particulates have been 
established. The chemical composition of particulate and liquid phase 
components has been determined by inductively coupled plasma emission 
spectrometry (ICP-OES). Highly sensitive mass spectrometry (ICP-MS) 
has been used to determine the association of spiked tracers (Co, Ni, 
Ce, Eu, Th, U) with released particulates. 

The effects of near-field chemical interactions on colloids which 
may arise in repository environments have also been investigated by 
photon correlation spectroscopy and electrophoretic mobility 
measurements. Measurements conducted with mica, montmorillonite, 
feldspar and silica colloids show that the high pH and Ca2+ 

concentration may have a dominant effect on colloid structure and 
stability. 

Progress and results 
1. Studies of colloids in cement leachates (B.l.) 
1.1 SEM/EDAX investigations 

The application of scanning electron microscopy combined with 
energy dispersive X-ray analysis to determine the elemental 
composition of particulates in leachates which were subsequently 
retained on ultrafilters having different nominal pore sizes was 
described in our previous report /2/. This technique has been applied 
further to obtain information on leachates derived from: 
(a) pure OPC at 60°C 
(b) OPC/BFS 
(c) OPC/PFA mixtures at ambient temperature. 
In (a) spherical particle clusters were a prominent feature, where the 
abundance of Si and Ca had a similar mole ratio. Although OPC/BFS 
yielded a greater heterogeneity both in particle morphology and 
elemental composition, Si was particularly abundant. In (c) irregular 
clusters were common; the elemental composition was more 
heterogeneous, Ca and Si being generally noted together with Fe and 
Al. 
1.2 Chemical analysis of leachates by Inductively Coupled Plasma 

Emission Spectrometry (ICP-OES) 
Over prolonged periods it has been observed that although 

undisturbed leachates remain clear to the unaided eye, finely divided 
particulate solids having a fluffy white appearance are formed, often 
as deposits adhering to the walls of the leaching vessel. The 
formation of such colloidal particulates is more marked at elevated 
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leaching temperatures (60°C, 90°C). Procedures for separating the 
particulate solid fraction (>0.2 urn) in leachates from the liquid 
phase have been developed. An extensive survey of the elemental 
composition of both solid particulate and liquid fractions in a range 
of leachates has been carried out using ICP-OES analysis. This has 
included investigations of the effects of: 
(a) leaching time 
(b) leaching temperature 
(c) cement composition (pure OPC; OPC/BFS; OPC/PFA). 

A more detailed description and interpretation of our findings 
has already been reported /3/. However in general we note that on 
prolonged leaching and especially at higher temperatures there is a 
marked enhancement in the levels of Al, Si, S and Fe; concentrations 
of alkali and alkaline earth elements (Na, Mg, K, Sr, Ba) are far less 
influenced. This feature, which is illustrated for OPC leached at 
60°C in Figure 1, can be ascribed to the formation of solid 
particulate phases by processes of nucleation and growth in solution. 
From more detailed interpretation of ICP-OES data, which is supported 
by X-ray diffraction analysis, it has been shown that a dominant 
component of the colloid particulate fraction is an amorphous calcium 
silicate hydrate phase. In leachates obtained from OPC mixtures other 
solid phases are present whose structure and composition is more 
complicated and as yet ill defined. 

2. Chemical analysis of leachates by Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS) (B.3.) 
The release of spiked tracer elements simulating radionuclides 

(Co, Ni, Ce, Eu, Th, U) of potential importance in low and 
intermediate level waste has also been measured using the highly 
sensitive ICP-MS technique. Here nuclide levels down to ~10~*° mol 
dm-3 have been determined in leachates subjected to different 
solid/liquid separation procedures. Total levels of Ce, Th, U and Eu 
leached from cement at higher temperature are markedly enhanced - by 
factors of 10^ to 101*. In contrast there is a much smaller effect on 
the release of Co and Ni (see Figure 2). This enhanced release occurs 
particularly with polyvalent elements which have a low limiting 
solubility and are readily hydrolysed in aqueous media to form 
colloids and hydroxide precipitates. 

A clear, correlation exists between the enhanced leachate levels 
of the spiked elements and those of certain elements which are 
contained in cement (Al, Si, S and Fe). This suggests that the 
polyvalent spiked elements may be released in association with 
particulate phases, particularly amorphous calcium silicate hydrate, 
formed in leachates /3,5/. 

3. Characterisation of colloids in repository environments (B.2) 
The effect of the near-field aqueous environment of cement on the 

behaviour of silica and clay colloids has been investigated by photon 
correlation spectroscopy and electrophoretic light scattering. These 
inorganic colloids have included silica (diameter ~100 nm), 
montmorillonite, kaolinite and feldspar and are typical of those 
likely to occur in natural ground waters or arise from bentonite 
backfill. The evolution of the near field has been simulated by 
progressively increasing the concentration of calcium hydroxide (~10~* 
to ~ 10~3 mol dm-3). In general it is found that these inorganic 
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colloids are destablished at Ca2+ concentrations exceeding 10-3 mol 
dm-3. This effect can be ascribed to a progressive loss in negative 
surface charge resulting from sorption of Ca2+ ions from solution. 
This effect is confirmed by measurements of surface charge made with 
silica colloids in a Ca2 concentration range from ~5 x 10-5 to > 2 x 
IO-1* mol dm-3. 
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Near-Field Modelling in Cement Environments 

Contractor: Harwell Laboratory, U.K. 

Contract No.; FI1W/0090/2 

Working Period: January 1987 - December 1987 

Project Leader: Dr. P.W. Tasker 

A. Objectives and Scope 

The primary aim of this work is to develop research models which 
examine in detail the approximations and assumptions implicit in the 
assessment models that are used to analyse repository behaviour. The 
assessments models are necessarily relatively simple. They must make 
assumptions in many areas including the time evolution of the repository 
chemistry, the influence of corrosion products on local chemistry etc. 
The research models use data from experimental programmes to study these 
points in detail. 

The near field has a complex chemistry which determines the 
solubility of radionuclides. This chemical environment changes both with 
time and spatially throughout the near-field region. The engineered 
barriers are very different chemically to the surrounding geology and so 
will not only degrade with time but may also cause a front of perturbed 
chemistry to progress into the surrounding regions. All these points 
involve the space and time evolution of chemistry but where they have been 
considered previously, the coupling between transport processes and 
chemistry have largely been neglected. Yet these processes underlie most 
of the assumptions in the simple near-field models. The conditions of 
primary interest to our programme concern the waste contained in a steel 
canister and buried in a concrete environment. 

B. Work Programme 

B.1 Development of the CHEQMATE computer code which couples chemical 
equilibria (via. the PHREEQE code/1/) with ionic migration. 

B.2 Incorporation of ionic advection in flowing systems into the CHEQMATE 
code. 

B.3 Extension of both the chemical and migration parts of CHEQMATE to 
regimes of concentrated solutions. 

B.4 Application of CHEQMATE to coupled chemistry and transport problems 
relevant to the near field of a repository, for example the space and time 
evolution of the oxidation potential in the backfill pore water and the 
influence of the introduced chemical conditions within a repository on the 
surrounding geology. 
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C. Progress of Work and Obtained Results 
State of Advancement 

The CHEQMATE code has been extended to increase the range of 
techniques available for coupled chemical/migration models of the near 
field of a repository (B.l). Particular improvements include the addition 
of the facility to model migration of ionic species through a series of 
media with different transport properties (i.e. porosities and diffusion 
coefficients) and also a method of simulating dilution effects in a real 
repository, by modelling migration through a spherical geometry. The code 
has also been extended to include a constant groundwater flow in one 
dimension (in the rectangular geometry) (B.2). The extended versions of 
CHEQMATE have been used in the first stages of a model of the evolution of 
the groundwater chemistry in a host rock under the influence of an ingress 
of alkaline pore water from a cement backfill (B.4). Some preliminary 
investigations have been made into extension of the chemical equilibria 
part of the code to model concentrated solutions. (B.3). 

Progress and Results 

1. Development of the CHEQMATE code (B.l) 

The original version of the computer code CHEQMATE (CHemical 
EQuilibrium with Migration And Transport Equations) combined chemical 
equilibria (via. the PHREEQE code/1/) with one-dimensional ionic diffusion 
and electromigration through either a stationary fluid or a saturated 
porous medium. The code has been extended to include the facility to 
model migration across interfaces between porous media of different 
physical properties, such as the boundary between the backfill and host 
rock. It has also been modified to allow a more realistic simulation of 
the dilution effects associated with a full three-dimensional geometry, by 
modelling ionic migration through a spherical system. 

2. Addition of Advection to the CHEQMATE code (B.2) 

As a first stage, a constant pore water flow has been added to the 
version of CHEQMATE in a rectangular geometry. This has involved adding 
ionic advection and dispersion terms to the transport equations. 

3. Extension of CHEQMATE to Regimes of Concentrated Solutions (B.3) 

Some preliminary studies have been carried out to assess the range of 
techniques within the chemical equilibration part of the code (i.e. the 
PHREEQE program) to correct activity coefficients for ionic strength. 
These correction methods are only strictly valid in solutions of strength 
less than 0.5M, but some can give reasonable approximations at much higher 
concentrations. Some alternative methods which may provide better 
representations of concentrated solutions are being investigated. 
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4. Investigation of the Evolution of the Groundwater Chemistry Around a 
Repository (B.4) 

An important aspect in an assessment of the rate of release of 
nuclides from a repository is the perturbation to the groundwater 
chemistry in the host rock caused by the presence of the engineered 
barriers. In the U.K., current plans for a low- or intermediate-level 
waste repository comprise a deep repository with a largely cementitious 
backfill material. The equilibrium water composition within the backfill 
will therefore be highly alkaline and significantly different to the 
surrounding groundwater chemistry. Ionic migration processes such as 
diffusion will tend to level out such variations over a period of time and 
lead to the progression of a plume of calcium hydroxide from the edges of 
the repository into the pores of the surrounding rock. The progress of 
this plume, and later of any escaping radionuclides, will also be 
influenced by any flow of groundwater through the backfill and rock. An 
ingress of alkalinity into the host rock may result in important changes 
to the chemical and physical properties; the cation-exchange capacity 
within the mineral structure may be affected which, will influence the 
sorption characteristics of the nuclides. Also the permeability and 
porosity of the rock may be changed which could affect the migration of 
nuclides out of the repository. 

The first stage of a model of the evolution of the groundwater 
within a clay rock surrounding a repository has been completed. Although 
the site of a repository in the U.K. has not as yet been decided, many 
rock formations contain substantial amounts of clay minerals, so this 
preliminary model may have considerable relevance to a repository 
assessment. However, the model is sufficiently flexible that other rock 
types may be considered if a good thermodynamic description of the 
composition is available. The model uses the extended versions of the 
CHEQMATE code and aims to predict the evolution of the porewater 
composition and precipitates in the clay by modelling a section of 
repository extending across the concrete/clay interface. The 
thermodynamic model of clay comprises an idealised clay mineral 
equilibrated with calcite and water, and models the buffering capacity in 
terms of sequential substitution of cations at the clay surface by calcium 
ions. As a first approximation, it is assumed that calcium hydroxide 
equilibrated with, water provides a reasonable simulation of the concrete 
pore water as far as certain ionic strengths are concerned. In the model, 
we assume a set of 'base case' parameters which define a realistic set of 
physical and chemical conditions in the system and choose a repository 
section (extending across the concrete/clay interface) which spans a 
physical distance of 6m and run the model up to a time of 1000 years. Two 
base case runs are considered; one with advection of ions in a 
groundwater flow and one with no flow. The sensitivity of the model's 
predictions to physical and chemical parameters describing the system are 
considered. In particular, we have investigated the effect of the 
buffering action of the clay minerals, the speed of the groundwater flow 
through the repository and the geometry of the model on the scale of 
perturbation to the natural chemistry. We have also considered the effect 
of dissolved carbon dioxide in. the pore water on the amounts of 
precipitates in the clay pores. 
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The results from this preliminary model suggest that, for a typical 
set of physical and chemical conditions, the influence of the concrete 
backfill on the natural pore water chemistry in clay will be significant 
although the natural buffering action of the clay does retard the 
progression of this perturbation. The model predicts that a plume of high 
pH will extend about 3m into the clay after a 1000 years. This may have 
important consequences to nuclide release rates through factors such as 
their solubilities, sorption properties etc. The model will help ensure 
that sorption studies are done under appropriate chemical conditions. The 
sensitivity studies indicate that the rectangular geometry in the base 
case model yields an extreme case in terms of the maximum depth of 
perturbed chemistry in the host rock; dilution effects may be significant 
depending on the size of the repository. The preliminary model does not 
indicate any significant beneficial changes to the transport properties 
within the clay through pore blocking by precipitates over timescales of 
1000 years. 
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THE INFLUENCE OF ORGANIC COMPLEXING AGENTS UPON THE 

MOBILIZATION AND MIGRATION OF RADIONUCLIDES FROM ILW CONTAINED 

IN CEMENT AND BITUMEN UNDER NEAR-FIELD CONDITIONS FOR A 

REPOSITORY IN A SALT DOME 

Contractor: Freie Univers i tä t Berlin, D. 
Contract No.: FI1W-0091 
Duration of cont rac t : Ju ly 1986 - December 1988 
Proiect Leader: G. W. Marx 
Group leader: Ch. Keiling 

A. " Objectives and scope 

The chemical behaviour of elements in solut ions depends very much on 
t h e form of the i r complexes in these systems. The in t e re s t has been focus -
sed on t h e change of the solubi l i ty and of the migration and sorption 
behaviour of the elements influenced by var ious organic complexing agents . 

In t h e pas t t he main i n t e r e s t was pu t upon the influence of n a t u r a l 
complexing agen ts being present in a s a l t dome. Now the emphasis has been 
laid upon ar t i f ic ial complexing agen t s or iginat ing from indus t r i a l waste 
which may cause a definite change in the chemical behaviour of the 
elements under considerat ion. Therefore fur ther inves t iga t ions are urgent ly 
needed to cope with these problems. 

Especial ly the solubi l i t ies of some elements of high in t e res t , namely 
iodine, cesium, uranium, neptunium, plutonium and americium, has to be 
determined under t h e influence of organic complexing agents as for ins tance 
d ibu ty lphosphate (DBP), t r ibu ty lphospha te (TBP), e thylenediamminete t raacet ic 
acid (EDTA), c i t r a t e and oxala te . By adding these special chemical com­
pounds t h e concent ra t ions for s a t u r a t i o n of these elements can be d e t e r m i ­
ned in t h e resul t ing systems. 

On t h e other hand experiments a re performed for leaching t h e problem 
elements out of the matr ices they h a v e been solidified in. 

Moreover the change of t h e migration and sorption behaviour on 
matr ices typical for deposi t ing ILW in sa l t domes are to be inves t iga ted by 
use of chromatographic column techniques and ba tch experiments under the 
influence of t h e complexing agen ts aforementioned. 

B. Work Programme 

B.l Source term solubi l i ty s tud ies 
B . l . l Determination of equilibrium solubi l i t ies of s i lver iodide, s i lver iodate , 

cesium n i t r a t e , sodium d iu rana te , neptunium(V), plutonium(IV) and 
americium(III) hydroxides in concent ra ted sa l t solut ions under t h e 
influence of TBP, DBP, EDTA, c i t r a t e and oxala te 

B.l .2 Determination of t h e tendency towards colloid formation by means of 
u l t r a f i l t r a t ion 

B.1.3 Determination of radionucl ide leachabi l i ty from conditioned ILW in 
concen t ra ted sa l t solut ions in t h e presence of organics mentioned 
above 

B.l .4 Determination of t h e tendency towards colloid formation of r a d i o ­
nucl ides in waste l eacha tes by means of u l t raf i l t ra t ion 
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B. 1.5 Solidification of selected organics in cement and determination of their 
leachabilities 

B.1.6 Solidification of complexed elements in cement and determination of 
their leachabilities 

B.2 Sorption and migration in the near-field 
B.2.1 Determination of mobility and sorption properties of radionuclides 

derived from B.l.l and B.1.6 through columns filled with crushed 
sodium chloride and site-specific rock salt 

B.2.2 Determination of mobility and sorption properties of radionuclides in 
waste leachates derived from B.1.3 by the use of salt columns 

B.2.3 Determination of the sorption' behaviour of selected radionuclide 
systems upon salt by the use of batch-type experiments 

C. Progress of work and obtained results 

State of advancement 

Changing the original time table the experiments on the determination 
of the solubilities of the special elements (B.l.l and B.1.2) were performed 
just before the migration experiments started. This decision had to be made 
with respect to the half life of some tracers used, especially 232U and 131I. 
On the other hand any radiolysis, which might influence the physical beha­
viour of the solutions had to be excluded. Until now the solubilities of Agi, 
AgI03, CsN03, Na2Ü2C-7 and Pu(OH)4 have been investigated in various s a tu ­
rated salt solutions after contacting cement and bitumen under the influence 
of complexing organics. 

In the case of americium the principal problem may be the high solu­
bility of this element to be expected from the low pH of certain salt solu­
tions, which might result in a lack of 241Am to be available. Therefore the 
possibility of using other trivalent cations for modelling has been taken into 
consideration. 

The development of suitable analytical methods for radionuclides 
contained in the leachates of the real waste was finished and the invest i­
gation of the leachates started. 

The work for topics B.1.5 and B.1.6 has also begun. For this research 
the elements I, Cs, U, Np and Am were solidified in cement after adding 
complexing organics. 

The work for the topics B.2.ff is under progress as scheduled. 

Progress and results 

B.l Solubility studies of the source term 

The solubilities of Agi, AgI03, CSNO3, NazlkO? and Pu(OH>4 were deter­
mined in saturated NaCl solution and in the Q-solution. 

After contacting matrices of cement and bitumen the solutions are 
saturated with the complexing organics. 

The relevant pH and Eh values of the resulting solutions are listed up 
in table I. Since in a waste repository a present cement matrix being 
guarantees the pH value to be constant in this system the pH is adjusted to 
the solutions under investigation. The pH values used for these experiments 
are listed up separately in table I. 
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The compounds to be investigated are added to the solutions, pre t rea-
ted with the waste matrices. The systems are stirred for several days at 
298 K and the samples are measured after filtration with 450 nm-filters. 

The results of the investigation into the solubility of Agi can be seen 
from table II. The solubility of this compound ranges from 5-10-3 moldm -3 to 
6-10-4 moldm-3. Only in the Q-solution saturated with DBP and with the 
corrosion products of bitumen a higher, solubility of 1-10-2 mol-dm-3 was 
found. -

The solubilities of AgIC-3 in the various systems under investigation 
are listed up in table III. They are higher than those of Agi and are within 
the range from 2-10-3 moldm -3 to 1-10-2 mol-dm-3. If DBP and EDTA are p r e ­
sent even higher solubilities ranging from 6-10-2 moldm -3 to 4-10-1 moldm -3 

will be obtained. 
The solubilities of Cs can be seen from table IV. They don't vary very 

much with the various systems saturated "with the complexing organics. In 
the saturated NaCl solution and in the Q-solution contacted with cement the 
solubilities range only from 1.6 to 1.9 mol-dm-3. In the Q-solution contacted 
with bitumen the solubilities are a little bit lower. They range from 1.35 to 
1.5 mol-dm-3. 

The solubilities of Na2Ü207 for the systems under investigation are 
listed up in table V. In most of the systems the solubilities are within the 
range of 10 -3 and 10 -4 mol-dm-3. Under the influence of complexing citrate 
and EDTA even higher values can be found. 

The solubilities of Pu(OH)4 in the systems to be investigated can be 
seen from table VI. Also in this case EDTA or citrate make the solubilities 
increase in comparison to the other organics used. 

Until now ultrafiltrations have been performed with solutions saturated 
with Agi and CsN03, the results of which are shown in the tables VII and 
VIII. These results prove that the filtration of solutions with membranes, 
the pore sizes of which range from 450 nm to 2 nm, does not influence the 
concentration of the elements under investigation. 

In order to examine leachates from real waste in respect to their 
content of fission products and actinides a suitable analytical method was 
developed, the flow sheet of which can be seen from figure 1. 

Solutions, containing 131I, 137Cs, U, 237Np or 241Am were solidified with 
Portland 35 F-cement together with TBP, EDTA and citrate. These solidified 
products were leached with saturated NaCl solutions. In table IX the 
amounts of nuclides used for modelling and those quantities obtained from 
the leaching processes are presented. As can be seen the greater amount of 
the fission products added are leached, whereas the majority of the act ini­
des is fixed to the cement matrix. 

B.2 Sorption and migration in the near-field 

Migration experiments were performed with solutions, saturated with 
Agi, CsNC-3, NazUzO? and PuiOHK 

The labelled solutions were added in form of a puis of approximately 2 
cm3 to the columns. The column was rinsed with the same solution which did 
not contain any complexing organic agents. The fillament of the columns 
consisted of NaCl. 

The results obtained from the experiments with the columns containing 
Agi are presented in table X. The data show, that the overwhelming majority 
of the I - passes the column, without being retained. 
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The results from the column experiments with solutions containing 
Cesium are registered in table XI. In most of the systems the recovery is 
50 % of the Cs originally added. 

The migration experiments performed with solutions containing uranium 
gave the results shown in table XII. Only from those systems, which con­
tained EDTA the recovery was found to be 100%. The recoveries from the 
other systems investigated uptil now ranges from 0 - 25 %. 

The recoveries for plutonium are listed in table XIII. In alkaline NaCl 
solutions contacted with cement these values are comparitively small. The 
highest value (20 %) was found for plutonium complexed with oxalate. From 
the other alkaline systems of the same kind recoveries were obtained 
ranging from 0 to 4 %. In saturated NaCl solutions and in Q-solutions the 
recoveries deviate very much from each other. Nevertheless a higher reco­
very seems to exist for those systems containing DBP, TBP and oxalate. 

Experiments for determining the equilibrium of the sorption of various 
problem elements on NaCl were performed with solutions containing Agi and 
uranium. 

Those solutions used for batch experiments were contacted with cement 
and bitumen first. After this procedure they were saturated with the organic 
complexing agents. After separating small and even colloidal particles by 
filtration the concentration of I" or uranium was determined in these solu­
tions. Finally solid NaCl was added. 

The Rs-values for the sorption of I - on NaCl are registed in table XIV. 
All of them are near to 0 cm3.g_1, tha t means that the overwhelming amount 
of the I~ stayed in the solution. In general no material was adsorbed at all 
or only a very small amount. 

In table XV the results from the adsorption experiments with uranium 
are presented. In most cases the Rs-values are below 1 cm3-g_1 but some of 
those obtained from systems containing DBP. They are in the range of 4.6 
cm3-g_l for NaCl solutions contacted with bitumen, 21 cm3g -1 in those NaCl 
systems contacted with cement and 28 cm3g_1 in Q-solutions contacted with 
bitumen. 
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Table I. pţ- und íh-Values of saturated salt solutions after their contact with 
the organic compounds 

System org. Ligand Systems pH Hi / mV regulated pH 

NaCl/Cement 

NaCl/Bitumen 

Q-Soi./Cement 

Q-Sol./Bitumen 

IBP 
TBP 
EETA 
Citrate 
Oxalate 

IBP 
IBP 
EDTA 
Citrate 
Oxalate 

IBP 
TOP. 
EDTA 
Citrate 
Oxalate 

IBP 
rap 
EDTA . 
Citrate 
Oxalate 

1,67 
12,30 
6,14 . 

12,32 
12,22 

0,42 
6,27 
3,88 
6,90 
6,44 

-0,55 
5,31 
1,79 
4,95 
5,01 

-0,79 
6,69 
2,47 
6,55 
6,68 

492 
-63 
264 
-48 
-65 
321 
200 

. 146 
149 
156 
516 
363 
302 
304 
342 
482 
275 
359 
293 
229 

12,3 
12,3 
12,3 
12,3 
12,3 

0,4 
6,3 
3,9 
6,9 
6,4 
6,4 
6,4 
6,4 
6,4 
6,4 

-0,8 
6,7 
2,5 
6,6 
6,6 
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Table II. Solubility of Agi in various saturated salt solutions containing 
organic complexing agents 

Solution 

NaCl/Cement 
_ 

NaCl/Bitumen 

Q-Solution/Cement 

Q-Solution/Bitumen 

org. Ligand 

without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

it without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

len without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

[I-] / mol.dm-3 

2.28.10-4 
2.67-10-4 
3.53.10-4 
3.42-10-4 
4.45-10-4 
2.96-10-4 

. 2.87-10-4 
7.34-10-3 
3.14-10-4 
2.70-10-4 
2.19-10-4 
4.61-10-4 

6.57-10-4 
4.86-10-= 
2.17-10-4 
1.11-10-4 
7.38-10-4 
1.34-10-4 

2.94-10-4 
1.00-10-2 
6.51-10-4 
2.13-10-4 
2.99-10-4 
4.07-10-4 
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Table m . Solubility of AglGb in various saturated salt solutions containing 
organic canplexing agents 

Solution 

NaCl/Cement 

NaCl/Bitumen 

Q-Solution/Cement 

Q-Solution/Bitumen 

org. Ligand 

rap 
TBP 
EDTA 
Citrate 
Oxalate 

rap 
TBP 
EDTA 
Citrate 
Oxalate 

rap 
TBP 
EDTA 
Citrate 
Oxalate 

rap 
TBP 
EDTA 
Citrate 
Oxalate 

[IQr] / mol-dnr3 

8.25-10"3 
2.13-10"3 
6.60-10-3 
4.68-10"3 
1.16-10-2 

Î.07-10-1 
2.45-10-3 
1.31-10-2 
1.87-10-3 
1.13-10"3 

1.87-10-1 
6.14-10"3 
6.14-10-2 
7.98-10-3 
9.57-10-3 

4.09-10-1 
3.28-10"3 
1.17-10-1 
6.95-10-3 
3.51-10-3 
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Table IV. Solubility of CsNCb in various salt solutions containing organic 
cctnplexing agents 

Solution org 

NaCl/Cement 

NaCl/Bitumen 

Q-Solution/Cement 

Q-Solution/Bitumen 

. Ligand 

TBP 
DBP 
EDTA 
Citrate 
Oxalate 

TBP 
DBP 
EDTA 
Citrate 
Oxalate 

TBP 
DBP 
EDTA 
Citrate 
Oxalate 

TBP 
DBP 
EDTA 
Citrate 
Oxalate 

[Cs] / mol-dnr3 

1.63 
1.71 
1.57 
1.69 
1.69 

1,74 
1,95 
1,62 
1,78 
1,87 

1.74 
1.55 
1.72 
1.70 
1.68 

1,48 
1,44 
1,36 
1,38 
1,45 
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Table V. Solubility of NaíIfeOz in various salt solutions containing organic 
complexing agents 

Solution 

Nad/Cement 

NaCl/Bitumen 

org. Ligand 

Q-Solution/Cement 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

Q-Solution/Bitumen DBP 
TBP 
EDTA 
Citrate 
Oxalate 

[uranium] / mol-dnr3 

4.62-10-3 
1.05-10-3 
5.54-10-« 
3.06-1O"« 
2.05-10-« 

5.44-10-6 
7.79-10"' 
1.37-10-3 
7.27-10"« 
7.77-10-» 

2.52-10"« 
1.22*10-« 
1.13-10"« 
1.09-10"3 
1.34-10"« 

2.73-10"« 
1.43-10-0 
3.89-10"« 
2.69-10-3 
1.60-10"» 
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Table YE. Solubility of Pu (OH) « in various 
organic complexing agents 

Solution org. Ligand 

Nad/Cement 

NaCl/Bitumen 

Q-Solution/Cement 

Q-Solution/Bitumen 

without 
IBP 
TBP 
EDTA 
Citrate 
Oxalate 

without 
IBP 
TBP 
EDTA 
Citrate 
Oxalate 

without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

saturated salt sc 

[ Pu ] / mol-dir3 

2.5-10-8 
1.5-10-' 
1.7-10-8 
1.0-10-3 
1.4-10-» 
4.4-10-7 

1.7-10-7 
4.7-10-' 
1.2-10-8 
5.2-10-3 
1.2-10-6 
6.0-10-9 

3.5-10-7 
9.4-10-6 
3.4.IO-7 
1.7-10-6 
4.9-10-3 
1.3-10-6 

1.2-10-6 
6.3-10-7 
3.4-10-7 
2.4-10-7 
1.4-10-» 
3.5-IO-7 
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Table VII. Results of ultrafiltration experiments with I--containing solutions 

System org. Ligand Relative quantity of I~ in solution 
after filtration 
Poresize: 450 nm 2 nm 

NaCl/Cement 

NaCl/Bitumen 

Q-Sol./Cement 

Q-Sol./Bitumen 

IBP 
TBP 
EDTA 
Citrate 
Oxalate 

IBP 
TBP 
EDTA 
Citrate 
Oxalate 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

100% 
100% 
100 % 
100% 
100% 

100 % 
100% 
100% 
100% 
100% 

100 % 
100 % 
100% 
100 % 
100% 

100% 
100% 
100% 
100% 
100% 

100.0% 
100.0 % 
81.4% 
92.1 % 
95.8 % 

92.2 % 
87.0 % 
80.6 % 
90.2 % 
100.0 % 

87.2 % 
100.0 % 
95.8 % 
83.0 % 
100.0 % 

93.5 % 
100.0 % 
84.6 % 
84.1 % 
99.3 % 

Table VUE. Results of ultrafiltration experiments with Cs*-containing solutions 

System 

NaCl/Cement / TBP 
DBP 
Citrate 
EDTA 
Oxalate 

Q-Sol.Cement/ TBP 
DBP 
Citrate 
EDTA 
Oxalate 

Poresize / : 
450 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

200 

99.7 
99.5 
99.5 
98.4 
100 
100 
99.8 
100 
99.6 
100 

nm 
100 

99.7 
96.4 
98.7 
98.1 
100 
99.8 
99.8 
99.4 
99.5 
100 

50 

99.2 
95.9 
98.6 
97.3 
100 
99.5 
99.3 
99.2 
99.3 
100 

10 

98.5 
95.2 
97.5 
96.7 
100 
98.7 
98.4 
99.0 
98.0 
99.4 

2 

93.3 
93.8 
96.9 
93.6 
99.8 

97.9 
96.7 
97.9 
97.8 
99.3 
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Table K . Results of the leaching experiments on simulated cement waste 

Element Amount of the elements Contacttime leached amount 
solidified in cement /mol / d / % 

Iodine 
Cesium 
Uranium 
Uranium 
Neptunium 
Americium 

5.45-IO"3 
5.40-10-3 
5.00-10-7 
5.61-10-3 
3.88-10-« 
1.26-10-" 

8 
35 
14 
27 
37 
35 

100 
92.6 
9.3 
0.3 
0.0 
0.0 

Table X. Results of the migration experiments on iodide. (The filling of the 
columns consisted of NaCl) 

Mass added 
/mol 

4.1-10-7 
3.6-10-3 
3.2-10-7 
3.4-10-7 
4.1-10-7 

3.9-10-7 
5.3-10-7 

1.9-10-7 
3.6-10-7 
4.2-10-7 
5.6-10-7 
4.4-10-7 

1.6-10-7 
4.2-10-7 
3.9-10-7 

System Porosity 
/ % Vol/Vol 

NaCl/Cement/DBP 36 
NaCl/Cement/TBP 35 
NaQ/Cement/EDTA 34 
Naa/Cement/Citrate 35 
Naa/Cement/Qxalate 37 

NaCl/Bitumen/EDTA 38 
NaQ/Bitumen/Citrate 38 

Q_Sol./Cem./DBP 40 
CrSol./Cem./TßP 37 
Q-Sol./Cem./EDTA 38 
Q-Sol./Cem./Citrate 35 
Q-Sol./Cem./Oxalate 38 

Q-Sol./Bit./EDTA 40 
CrSol./Bit./Citrate 38 
Q-Sol./Bit./Qxalate 40 

Recovery 
/% 

100 
92 
100 
91 
100 
96 
99 
66 
100 
94 
80 
100 
100 
96 
95 

Kb 
/ cm3-g-1 

0 
-
0 
-
0 
-
0.02 

-
-
-
0 
~ 

-
-
0 
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Table XI. Results of the migration experiments on cesium. (The filling of the 
columns consisted of NaCl) 

Mass added 
/mol 

System Porosity 
/ % Vol/Vol 

Recovery 
/ % / 

Kb 
caP-g-1 

4.7-10-3 NaCL/Cement/DBP 36 26 
2,3.10-3 NaCL/Cement/TBP 35 65 
2,9-10"3 NaCl/Cement/EDTA 34 86 
3,0.10-3 Naa/Cement/Citrate 36 58 
9,3-10-4 Naa/Cement/Qxalate 36 58 

0 
0 

1,9.1o-3 NaCl/Bitumen/DBP 36 67 
4,6.1o-3 Naa/Bitumen/TBP 36 68 
5,2-10-3 Naa/Bitumen/EDTA 36 68 
3,6-10"3 Naa/Bitumen/Citrate 36 81 
3,6«10-3 Naa/Bitumen/Qxalate 37 48 

3,4.1o-3 Q-Sol./Cem./DBP 36 
4,6.1o-3 Q-Sol./Cem./TBP 33 
3,4-10-3 Q-Sol./Cem./EDTA 38 
2,1-10"3 Q-Sol./Cem./Citrate 32 
4,0-10-3 Q-Sol./Cem./Q5calate 39 

49 
69 
64 
95 
55 

2,9.10-3 Q-Sol./Bit./BBP 35 45 
5,2.10-3 Q-Sol./Bit./TBP 32 75 
1,6.10-3 Q-Sol./Bit./EETA 38 83 
3,1-10-3 Q-Sol./Bit./CLtrate 36 57 
3,6-10"3 Q-Sol./Bit./Oxalate 37 41 

0 
0 
0 
0 
0 

0 
0 
0 

Table X H . Results of the migration experiments on uranium. (The filling of the 
columns consisted of Nad) 

Mass added 
/mol 

System Porosity Recovery Kb 
/ % Vol/Vol / % /cmf-g-i 

9.01-10-8 NaCl/Cement/DBP 33.9 21.1 0.004 
5.07-10-9 NaCL/Cement/TBP 32.7 11.2 0.01 
5.97-10-7 MaQ/Cement/Citrate 30.8 19.5 0.2 
4.06-10-7 Naa/Cement/Citrate 36.0 25.0 0.19 
1.11-10-6 Maa/Cement/EDTA 32.7 100.0 0.0 
2.01.10-° Naa/Cement/Qxalate 33.3 0.0 — 
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Table x m . Results of the migration experiment on Plutonium. (The filling of the 
columns consisted of NaCl) 

Mass added System Porosity Recovery Kb 
/mol / % Vol/Vol / % / cm3-»-! 

1.8-10-" Naa/Cement/DBP 34 0.1 0 
1.6-10"9 ifaa/Cement/TBP 35 0.6 0 
7.7-10-7 Naa/Cement/EOTA 36 1.3 
4.5-10"7 NaCl/Cement/Citrate 38 3.8 
7.4-10"9 Naa/Cement/Qxalate 36 19.7 0 

3.4-10-11 Naa/Bitumen/DBP 35 60.0 0.1 
2.1-10-8 NaQ/Bitumen/TBP 38 88.0 
8.6-10-« NaQ/BitumenÆDTA 36 11.2 
4.5-10-« Naa/Bitumen/Citrate 38 3.8 0.1 
1.8-10-9 Naa/Bitumen/Qxalate 34 13.4 0.06 

8.4-10"8 Q-Solution/Cement/DBP 36 25.6 
2.4-10-8 Q-Solution/Cement/TBP 34 9.6 0.02 
5.9-10-9 OrSolution/Cement/EDTA 38 13.0 
7.6-10-8 Q-Solution/Cement/Citrate 35 5.6 
1.2-10"9 OrSolution/Cement/Qxalate 38 100 0 

2.4-10-8 OrSolution/Bitumen/IBP 36 50.6 
9.4-10-9 Q-Solution/Bitumen/TßP 34 19.8 
1.0-10-7 OrSolution/Bitumen/EDTA 37 11.7 0.04 
1.3-10-8 OrSolution/Bitumen/Citrate 40 33.6 
3.0-10-8 Q-Solution/Bitumen/Qxalate 36 33.7 
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Table XIV. Sorption of I~ on solid NaCl under the influence of complexing 
organics 

Solution 

NaCl/Cement 

NaCl/Bitumen 

Q-Sol./Cement 

org. Ligand 

without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

without 
IBP 
TBP 
EDTA 
Citrate 
Oxalate 

without 
IBP 
TBP 
EDTA 
Citrate 
Oxalate 

Q-Sol./Bitumen without 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

Volume 
/cap 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

Hass of 
NaCl / g 

3.0001 
3.0024 
3.0002 
3.0024 
2.9997 
2.9997 

2.9994 
3.0000 
3.0019 
2.9993 
3.0088 
3.0033 

2.9997 
3.0025 
3.0019 
2.9993 
3.0088 
3.0033 

3.0014 
3.0025 
2.9998 
2.9991 
3.0007 
3.0007 

Rs 
/ cm?«g-1 

0.27 
0.10 
0.05 
0.04 
0.06 
0.20 

0.00 
0.09 
0.03 
0.00 
0.05 
0.07 

0.09 
0.41 
0.03 
0.00 
0.05 
0.07 

0.19 
0.30 
0.02 
0.01 
0.05 
0.00 
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Table XV. Sorption of Uranium on solid NaCl under the influence of complexing 
organics 

Solution 

NaCl/Cement 

NaCl/Bitumen 

Q-Sol./Cement 

Q-Sol./Bitumec 

org. Ligand 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 

i DBP 
TBP 
EDTA 
Citrate 
Oxalate 

[Uranium] 
/ mol «dnr3 

1.4-10-6 
1.0-10-» 
5.5-10-« 
3.M0-« 
2.1-10-4 

5.4-10-6 
5.1-10-3 
1.4-10-3 
4.4-10-« 
7.8-10-9 

2.5-10-« 
1.2-10-4 
1.1-10-« 
1.6.10-« 
1.3-10-4 

2.7-10-4 
I.4.IO-3 
2.8-10-3 
2.7-10-3 
1.6-10-3 

Volume 
/ cm3 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Hass of 
NaCl / g 

3.0082 
3.0164 
2.9986 
3.0069 
2.9981 

3.0006 
3.0049 
3.0114 
2.9966 
3.0067 

3.0160 
2.9998 
3.0124 
3.0134 
3.0118 

2.9993 
3.0012 
3.0168 
3.0099 
3.0014 

Rs 
/ asP-g-1 

21.27 
0.11 
0.20 
0.23 
0.08 

4.59 
0.13 
0.00 
0.00 
0.13 

0.01 
0.27 
0.00 
0.00 
0.00 

28.63 
0.05 
0.01 
0.08 
0.00 
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ILW-Leachate — T-Measurement — 

+ Carrier 
7M HNO3 

Fission Products 
e.g. 134Cs, 137Cs 

6°Co 

Anionexchanger 

Rinse Solution to be evaporated 
Residue to solve in 10-3 M HNO3 

Extraction with HDEHP 

Backextraction with 7M HNO3 

Elute with 
'0.05 M EDTA, pH 2 

6M HN03/Fe(H2NS03)2/N2H90H 

aqueous Phase evaporated, 
Residue to solve in 

HNO3(lM)/Methanol-Mixture 

Anionexchanger 

Elute with Elute with 
6M HN03/Fe(H2NS03)2 0,25M HN03/0,01M HF 

/N2H5OH 

Pu, U Np 

Anionexchanger 

Elute with HCl(1,5M)/Methanol 
I 

Am 

Elute with 0,1 M HC1/0,5M NH4SCN 
/Methanol 

Lanthanides 

Figure 1. Chemical Procedure for the Separation of Actinides from real 
waste leachates 
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INVESTIGATION OF LLW AND MLW CEMENT PRODUCTS RESULTING FROM REPROCESSTNfi 
Contractor: Kernforschungszentrum Karlsruhe GmbH 

Institut für Nukleare Entsorgungstechnik (INE) 
Contract N°; FI1W/0092-D(B) 
Duration of contract: July 1, 1986 - December 31, 1989 
Proiect Leader: P. Vejmelka 

A. Objectives and scooe 
The proposed laboratory investigations include experiments with 

real samples from the waste treatment facility at KfK and experiments 
with simulated samples containing Pu, Am and Np. 

With these samples detailed investigations will be performed to 
describe the long term activity release in the case of leaching. The ex­
periments will be performed at room temperature using water and salt 
brine as leachants. The aim of the investigations is to determine the 
thermodynamically defined equilibrium concentrations of Pu, Am and Np in 
the system waste form/brine as well as the leaching kinetics. The inves­
tigations on the real samples will be performed in order to varify the 
numerous results from experiments on simulated samples. 

B. Work Programme 
B.I. Investigations with real samples. Determination of the kinetics of 

the activity release. Determination of the equilibrium concentra­
tions for Pu, Am, Np in the system waste form/brine. 

B.2. Investigations with simulated samples. Determination of the kine­
tics for the release of Pu, Am, Np. 
Determination of effective diffusion coefficients for the release 
from corroded samples (Pu, Am, Np). 
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C. Progress of work and results 
State of advancement 

To determine the equilibrium concentrations of relevant radionuc­
lides for the system cemented waste form/salt solution, laboratory ex­
periments with Pu, Am and Np doped samples using Q-brine and NaCl-solu-
tion were performed. Based on the results, the source term for the acti­
vity release in the near field of the waste package can be formulated. 
The results obtained for the experiments with Q-brine indicate that in 
this case the equilibrium concentration for Pu, Am and Np depends on the 
activity inventory of the samples and therefore an adsoprtion equilibrium 
is the relevant process. In NaCl solution the equilibrium concentrations 
are more or less independend from the activity content of the samples and 
are comparable low (10 8-10-10 Holes/1). This is due to the high pH value 
(12-13) in this system and the equilibrium concentration depends on the 
low solubility of the actinide compounds in the high pH-system. 

Additional to the laboratory experiments, leach experiments with 
real 200 1 cemented waste forms (low level) using Q-brine at 40°C as 
leachant were started. The aim of the investigations is to determine the 
influence of the fabrication conditions on the activity release. 

First results for the release of Cs-137 under the experimental con-^ 
ditions are available (leach period 100 days). 

Progress and results 
In order to determine the equilibrium concentrations for Pu, Am and 

Np-compounds in the system cement/salt solution, cement samples with dif­
ferent contents of the actinide elements were stored in Q-brine (rich in 
MgCl2) and NaCl-solution at room temperature (2 g waste form in 30 ml 
brine). To accelerate the equilibrium adjustment, crushed samples with a 
high specific surface were used. In parallel reference samples without 
cement stone were stored under similar conditions. 

From our corrosion and leach experiments it is known that in li­
brine fast corrosion reactions occur with the formation of basic Mg-chlo-
rides, CaSO^ phases and Friedel's salt IM. By the used waste form/brine-
ratio the equilibrium pH-value remains at 6.5, due to the buffer capacity 
of the excess MgCl2 in the system. 

After defined time periods, samples were taken from the liquid pha­
se, filtered using an Amicon system (1.5 nm) and the activity was measur­
ed either using Liquid-Scintillation-Counting and/or ^-measurement and a-
spectroscopy. , 

In Q-brine the resulting equilibrium concentrations for the inves­
tigated range of the actinide inventory depend on the activity inventory 
of the samples. We therefore conclude that a sorption equilibrium deter­
mines the activity concentration. As an example, Fig. 1 gives the -results 
obtained from the experiments with Am-241. 

Due to the sorption equilibrium the concentration of Am in Q-brine 
in present of cement stone (pH ~ 6.5) is 1-2 orders of magnitude less 
than the reference onces without cement stone. 

In NaCl-solution, the actinide concentrations are independent from 
the activity content of the samples and are all in the same range of 
10 8-10 ,0 Moles/1. In this case, in contrast to the Q-brine system, the 
equilibrium concentration is determined by the much lesser solubility in 
the high pH-system (pH 12-13) being approximately * orders of magnitude 
less than in the pH 6 range. 

Comparison of the results obtained using simulated samples show a 
good agreement with the results from experiments using real waste form 
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samples. In summary the results show that for real ILW-cemented waste 
forms the actinide equilibrium concentrations in both systems (Q-brine 
and NaCl brine) are relatively low and are in the range of 10~8-10"10 

Holes/1. 
The leach experiments with two real 200 1 cemented waste forms (low 

level) using Q-brine as leachant at 40°C were started in July 1987. The 
aim of the investigations is to determine the influence of the prepara­
tion conditions on the activity release. Fig. 2 show the installed leach­
ing equipment. The composition of the samples is given in table I. Table 
II gives the radiochemical composition and table III the chemical compo­
sition of the used LLW-evaporator concentrate. 

Directly after preparation of the samples in the KfK in-drum cemen­
tation facility, six 100 ml samples were taken from each drum for labora­
tory investigations. Three samples were used to measure the compressive 
strength, the obtained values are 14 +. 2 N/mm2. First leaching results 
are available for a leach period of 100 days, but for a detailed descrip­
tion of the leach characteristic more results are necessary. 

References 
/I/ P. Vejmelka, 6. Rudolph, R. Koster 

Investigation of the corrosion resistance of different composed ce­
mented waste forms, Finnish-German Seminar on Nuclear Waste Manage­
ment, 1986 ESPOO, Sept. 23-25, 1986. Finnland. 

Table I Composition of the real 200 1 cemented waste forms 

Ordinary Portland Cement (PZ 45 F) 156.3 kg 
Water 98.5 kg 
Salt 26.2 kg 

Total weight 281.0 kg 
density 1.70 kg/1 
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Table II Radiochemical composition of the 200 1 cemented waste forms 
(sampling date November 15, 1984) 

H-3 
Na-22 
Mn-54 
Co-60 
Sr-90/Y-9G 
Zr-95 
Nb 95 
Ru-106/Rh-
Sb-125 
Cs-134 
Cs-137/Ba-
Ce-144/Pr-
Am-241 

1 

106 
, 

137 
144 

2.9 
6.2 
1.35 
6.9 

4.9 
1.35 
2.9 
5.3 
7.9 
7.2 
8.5 
5.8 

E 
E 
E 
E 

E 
E 
E 
E 
E 
E 
E 
E 

6 
6 
7 
7 

7 
8 
9 
8 
7 
8 
8 
8 

Bq/sampie 

E Alpha 1.H E 9 
E Beta 8.5 E 9 

Pu 0.38 E-1 g/sample 

U 157 

Isotopic composition 

Pu-238 1.0 U-235 0.31 
Pu-239 62.58 U-238 99.69 
Pu-240 26.08 
Pu-241 6.24 
Pu-242 4.10 

Table III Chemical composition of the LLW-evaporator concentrate used 
for the preparation of the 200 1-waste forms 

Na + 

Ca2* 
Fe3 + 

Cr3 + 

Ni2 + 

Cl" 
F~ 

V 
HO3-

density 
pH-value 
drying residue 
(105°C) 

101.3 
0.07 
0.17 
0.05 
0.41 

22.45 
2.85 
18.81 
55.44 

1.202 
11.9 

250.0 

g/i 

kg/1 

9/1 
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Fig. 1: Am­241 equilibrium concentrations in the system cemented waste 
form/Q­brine at room temperature for samples with different Am­
content (2 g cement, 30 ml Q­brine). 

Fig. 2: Leaching equipment for the investigation of real 200 1 LLW­
cemented waste forms in Q­brine at 40°C. 
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THE EFFECTS OF RADIATION ON INTERMEDIATE LEVEL WASTE FORMS 

Contractor: UKAEA, Harwell, U.K. 

Contract No.; FI.1W.0093 U.K.(H) 

Duration of Contract: July 1986 - December 1987 

Project Leader: D.C. Phillips 

A. OBJECTIVES AND SCOPE 
The purpose of this programme is to determine the effects of 

radiation on the properties of intermediate level waste forms relevant to 
their storage and disposal. It has two overall aims: ito provide immediate 
data on the effects of radiation on important European ILW «aste forms 
through accelerated laboratory tests; and to develop an understanding of 
the degradation processes so that long-term, lov dose rate effects can be 
predicted with confidence from short-term, high dose rate experiments-

The programme includes cemented inorganic vaste forms; «organic matrix 
waste forms; and cement waste forms with a substantial organic component. 
Irradiation is carried out by external gamma sources; by the 
incorporation of alpha emitters, such as Pu; and, if appropriate, by 
the incorporation of beta emitters. The irradiated materials include 
matrix materials, simulated waste forms and real waste forms-

Specific technical data generated include information on the effects 
on: mechanical integrity; dimensional stability; gas evolution; 
radionuclide release; and microstructure. Other information feeing 
generated includes models and predictive methodology for the assessment &Í. 
long-term behaviour. 

B. WORK PROGRAMME 

B.l Selection and procurement of specimens. 

B.2 Gamma-damage experiments. Measure gas evolution and absorption. 
Provide specimens for B.4. 

B.3 Alpha-damage experiments. Measure gas evolution and absorption-
Provide specimens for B.4. 

B.4 Assess radiation damage. Monitor dimensional stability, mechanical 
integrity, microstructural changes, leach rates-

B.5 Irradiation in vented containers. 

B.6 Basic mechanisms. Develop theoretical models- Measure any 
additional necessary material properties-

B.7 Conclusions and feedback. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
Summary 
Accelerated gamma and alpha irradiation experiments have been carried out 
on RMA 11.1j simulated combustible plutonium contaminated material (PCM) 
in a cement matrix, at a number of dose rates and under various 
environmental and confinement conditions. It has been demonstrated that 
under some circumstances, at the laboratory scale, this waste form can 
swell sufficiently to rupture its container and may disintegrate. A major 
component of PCM is Polyvinylchloride (PVC). Cement pore water extracted 
from gamma irradiated samples of PVC encapsulated in cement had a pH of 
9.8, after 9 M6y, a considerable reduction below the value of 13.0 
obtained from unirradiated controls. Reduced pH could adversely affect 
the retention of actinides by the cement matrix. Gamma radiation 
experiments on a simulate of RMA 5, mixed ion exchangers in a polymer 
matrix, demonstrated that this waste form maintained its integrity during 
irradiation. Some cemented inorganic waste forms (e.g. RMA 2) and some 
cements based on BFS/OPC can fragment under irradiation. One possible 
reason for this is the accumulation of radiolytic gases to high pressures 
in pores in the cement. A technique has been developed for measuring gas 
permeability in wet cement systems and has been used, with other porosity 
measurement techniques, to compare the behaviour of different formulations 
to explore the problem of gas pressurisation. The results indicate that 
pore size distribution may be important. Accelerated a irradiation 
experiments have also been carried out on RMA 10, incinerator ash 
immobilised in cement. Data on gas evolution, mechanical integrity and 
dimensional stability have been generated for each of the above waste 
forms; and samples of RMA 3, organic ion exchangers in cement, have been 
manufactured for subsequent gamma radiation experiments. 

Progress and results L 

1. Selection and procurement of specimens (Bl) 
During this year work has concentrated on RMA 3, 5, 10, 11.1 and 

their respective matrices. Inactive simulates of RMA 3 and 11.1 have been 
made at Harwell, and of RMA 5 have been supplied by the CEGB, for 
accelerated gamma irradiation experiments. Alpha active samples of RMA 10 
and RMA 11.1 have been produced at Harwell containing different levels of 
238Pu to produce a range of high a dose rates from xlO to xlOOO higher 
than the real waste form. Samples of BFS/OPC and PFA/OPC have also been 
manufactured for investigation of matrix materials. 

2. Gamma-damage experiments (B2, B4) 
Accelerated gamma radiation experiments have been carried out on 

inactive simulates of RMA 5 and RMA 11.1; on cemented individual 
components of the RMA 11.1 waste stream; and on a number of different 
BFS/OPC and PFA/OPC cements. 

Irradiation of RMA 5 and 11.1 was carried out on samples confined in 
vented containers, to simulate storage conditions, and on free-standing, 
unconfined specimens under both dry and water saturated conditions, to 
simulate extremes of disposal conditions. A range of specimen sizes from 
4 cm diameter to 15 cm diameter were irradiated at dose rates of 
approximately 0.1 Gy s"1. The confined samples of RMA 11.1 swelled 
sufficiently to rupture the seams of their metal containers at doses in 
the range 400 to 800 kGy. unconfined samples irradiated dry displayed 
some shrinkage while those irradiated wet swelled and appeared on the 
verge of disintegration at 800 kGy. The irradiated samples of RMA 5 which 
were either confined or unconfined and irradiated dry gave similar results 
to earlier work on this and other polymer matrix waste forms /1//2//3/, 
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with only small changes in volume and their integrity maintained: the 
novel feature of these tests was the irradiation of water saturated 
specimens, which displayed no significant dimensional changes and no 
indication of deterioration at 500 kGy. 

In the irradiation tests on some of the individual components of 
RMA 11.1 four'different types of sample were studied: powdered cellulose, 
shredded cellulose, powdered PVC, and shredded PVC, each in a matrix of 
the same PFA/OPC formulation. The unconfined samples, of 5 cm diameter, 
were irradiated dry at 2.8 Gy s~ . At 3 MGy the shredded PVC samples 
showed signs of fragmenting and by 9 MGy had totally disintegrated; the 
shredded cellulose samples exhibited some cracking at 9 MGy; the powdered 
cellulose and PVC samples had maintained their integrity at this dose. 
Cement pore water was extracted from the irradiated specimens and 
unirradiated controls. The pore extract obtained from the unirradiated 
samples showed no significant change in pH, indicating that little 
chemical degradation of the organics occurred in the timescale of the 
experiments : in contrast the pore extract from the shredded PVC samples 
fell from approximately 13.0 to 9.8. 

Irradiations of BFS/OPC and PFA/OPC cement samples resulted in 
spallation and cracking of some of the BFS/OPC formulations. X-ray and 
thermal analysis did not reveal any changes in microstructure as a result 
of irradiation. Mercury intrusion porosimetry measurements indicated that 
there may be a correlation between cement pore size distributions and the 
tendency for matrix fragmentation: formulations which fragmented had a 
simple distribution of small pores, while those which did not had a 
bimodal distribution of póre sizes. Similar measurements are currently 
underway on samples of RMA 2, cemented borate wastes, which have been 
shown in earlier work to disintegrate under irradiation /4/. 

Detailed analyses have been carried out of the gases evolved and 
absorbed by many of the above samples on irradiation. 

3. Alpha-damage experiments (B3, B4) 
Alpha irradiation samples were prepared containing levels of Pu 

which gave dose_rates of 3.1 x 10-3 Gy s-1, 7.0 x 10~2 Gy s-1 and 
6.4 x 10 Gy s . The samples of RMA 11.1 contained the simulated waste 
in a powdered form rather than the shredded form of full-scale waste, in 
order to produce a more homogeneous simulate on the small scale of these 
.experiments. Samples were of 3 cm and 5 diameter. At 9 MGy the 
compressive strength of these RMA 11.1 simulates had declined from 
approximately 2.5 MPa to approximately 1.5 MPa but there was no indication 
of any spontaneous disintegration. Alpha irradiated samples of RMA 11.1 
containing shredded waste have much lower compressive strengths of 
'u 0.2 MPa at the same dose /5/. No significant changes in volume occurred 
on irradiation of the cured waste form. Alpha irradiation of RMA 10 
simulate resulted in a decrease in strength from approximately 20 MPa to 
approximately 5 MPa after 30 MGy. Detailed measurements of gas evolution 
and absorption under oxygen and inert atmospheres have been carried out on 
the above specimens. 

4. Irradiation in vented containers (B5) 
The results of experiments to investigate the effect of varying 

degrees of confinement of waste forms during irradiation were described, 
for polymer matrix waste forms, in the previous Annual Summary Reports and 
reference /3/. Further data on this are being accummulated as described 
in Section 2 above. 
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5. Basic mechanisms (B6) 
A possible cause of the disintegration of some OPC/BFS cements and 

some waste forms, and the probable cause of the swelling of RMA 11.1, 
under irradiation, is the gas pressurization of the cement matrix. In 
order to be able to investigate this a technique has been developed which 
enables measurement of the permeability of gases through fully wet 
hydrated cement. The apparatus has been tested and demonstrated on a 
variety of cement grouts ranging from ages of 10 days to 5 years. Samples 
of a wider range of properties have been produced for further 
investigation of the relationship between gas permeability and dimensional 
instability during irradiation. 

6. Conclusions and feedback (B7) 
A considerable amount of data has been generated and will continue to 

accumulate as the irradiations progress. Analysis of the gases evolved is 
providing information of value in the design of repository and disposal 
sites, with respect to ventilation requirements, as well as of value in 
interpreting the basic mechanisms and their rates within the materials. 
An example of the latter is the failure to detect significant quantities 
of HCl or CI2 escaping from RMA 11.1. Measurements of pH and chloride ion 
concentration in extracted pore water show that these products of 
radiolysis of PVC are trapped by, and alter the properties of, cement. 
The swelling under certain conditions of RMA 11.1 with subsequent 
container rupture or waste form disintegration is an important 
observation, but the extrapolation from these high dose-rate small-scale 
experiments to the real case of large scale lower dose-rates is not 
stranghtforward. Previous work has shown that for some waste forms the 
effects of gas bubble swelling can be correlated for different 
dose-rates (I) and container sizes (L) through an IL model /6/. 
Preliminary comparisons indicate that the accelerated X irradiation 
experiment has an IL value approximately a factor of ten greater than 
that estimated for the full-scale waste form. However the different 
distributions of radiation damage, and the differences in 6 values between 
a and Ï irradiation, make a simple comparison of IL values suspect. 
In addition to the experimental work described here, assistance has been 
given to the Commission in selecting reference waste forms and defining 
appropriate specifications for them. 
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Physico-chemical characterization of bituminlzed Eurochemic medium 
level waste 

Contractor; S.C.K./C.E.N. Mol, Belgium 
Contract N": FI1W/0094 
Duration of Contract; 1/08/1986-31/12/1989 
Project Leader; P.Ph. Van Iseghem 

A. Objectives and Scope 
The present programme is a continuation of research carried out in 

the framework of the previous CEC R&D programme (1981-1984), under action 
1 (characterization of low and medium level waste forms), covered by the 
contract n° 302-83-15 WASB. 

In the previous programme, a number of real Eurobitum samples has 
been stored, to measure after various times the physico-chemical 
properties ("ageing"). Results for one year ageing were obtained. The 
corrosion behaviour of small, real Eurobitum samples in two media (pure 
water, clay-water mixture) was investigated, and important data on the 
swelling, leaching of the waste salts and of the radionuclides were 
gathered. 

In this programme, the study of the ageing behaviour will be 
continued. Extrapolation of the swelling data on small samples to full 
size containers will be attempted by performing swelling tests on inactive 
specimens of increasing size. The study of the corrosion behaviour of 
real, fully active Eurobitum samples will be extended by performing tests 
in clay related media at repository-like pressure (4.0 MPa). 

The experimental work will be elaborated in collaboration with 
Belgoprocess (ex-Eurochemie). 

B. Work Programme 
B.1. Effect of specimen size 

Swelling experiments on inactive Eurobitum. samples with specific 
surface area of 6.25, 2.20, 0.70 and 0.25 cm , ţq conclude about the 
swelling behaviour of full size blocks (0.1 cm ). The experiments 
are conducted in two media. 

B.2. Effect of pressure 
Corrosion tests on real, small Eurobitum samples at ambient or the 
clay repository like pressure of 4.0 MPa, in interstitial clay-water 
and wet clay. Particular attention is given to the radionuclide 
release. 

B.3. Ageing behaviour 
Measurement of some physico-chemical properties (density, softening 
and self-ignition point, penetration, thermal properties, ...) on 
real Eurobitum samples stored for periods of 4 and 6.5 years. 
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C. Progress of work and obtained results (period January-December 1987) 
State of advancement 

The specimens required for the corrosion tests were delivered by 
Belgoprocess. They consist on inactive bitumen samples of various size 
(between 0.75 ml and 11.5 1), and active samples (about 1 ml each). 

The corrosion tests on the inactive samples were started during the 
second half of 1987. Data for two test durations (14 and 90 days) are 
available. The corrosion tests on the active samples will start beginning 
of 1988. 

Data on some physico-chemical properties were obtained on real 
Eurobitum samples, aged for 51 months (produced: November 1982). The 
samples were found to have hardened, and the thermal behaviour in the 
vicinity of the flash and self ignition point changed slightly. 

Progress and results 
Effect of specimen size on the corrosion and swelling behaviour 

Two inactive, full size Eurobitum drums were selected. The drums were 
produced during the cold test runs of the Eurobitum plant, using similar 
waste components and bitumen as in the active operation. The homogeneity 
and composition (total salt, NaN0_, water) of these drums were checked, 
and found to be excellent. 

Samples of the requested size were manufactured by retrieving bitumen 
from the drums, and heating (above the softening point) crucibles filled 
with bitumen. This way, the following quantity of cylindrical (height to 
diameter ratio of 3/2) samples were produced: 18 samples of 11.5 1, 24 
(0.5 1), 18 (16.3 ml) and 24. (0.75 ml). The corresponding sample surface 
area to sample volume (SA.v~ ) ratio's are (in cm- ) 0.25, 0.70, 2.20 and 
6.25. 

A two liter sample was sent to RISØ (see RISØ contribution to the CEC 
programme). 

Corrosion tests are underway on these samples in two different media 
(distilled water, and a mixture of 100 g Boom clay per liter distilled 
water). The test temperature is 23°C, and durations are 14, 90 and 365 
days. Some preliminary results (durations 14 and 90 days) are: 
- Swelling for all samples is smaller than 1 vol %; the surfaces of the 
corroded bitumen samples are covered with some white (crystalline) 
precipitates. 

- Mass losses are smaller than 1 %. 
- Minor pH changes with progressing corrosion are recorded. 
Chemical analysis of the leachates is in progress. 
Effect of pressure on the corrosion and swelling behaviour 

Some of the Eurobitum specimens sampled on line were selected, and 
made available to the S.C.K. by Belgoprocess. The samples were produced 
during 1980-1981. Sixty samples requested by,the S.C.K. were of about 
0.86 ml volume (yielding a SA.v = 6.25 cm ), and were prepared by 
slicing the sampled Eurobitum specimens (of about 5 ml volume). For each 
of these 5 ml samples analytical data exist, relating to the total salt 
content, water' content, density, U content, a activity, ß activity (and 
the Cs-137 and Sr90 specific activities). 

The following corrosion tests are in preparation: 
(a) Tests on active Eurobitum samples at ambient pressure, 23°C, in two 

media: synthetic interstitial clay-water (SIC) and concentrated 
clay/SIC mixture (CCSICM). Test durations vary between 14 and 365 
days. 

(b) Similar tests as in (a), but at a pressure of 4 MPa representative of 
the clay repository. 
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To correlate with the results from the tests on inactive simulants, 
tests are planned on inactive simulants in SIC and CCSICM, for specific 
specimen volumes of 0.7 and 6.25 cm 

These corrosion tests will be interpreted in terms of mass loss, 
dimensional stability, and chemical/radiochemical analysis of the 
leachate. 
Ageing behaviour 

The ageing of some fully active Eurobitum samples produced in 
November 1982 has been evaluated. Compared with the data at time zero and 
one year ageing the following differences were observed: 
* The softening point increases from 101 to 104°C, and the penetration 
decreases from 20.0 tot 18.8 x 10 mm. This suggests some hardening of 
the waste form. 

* The flash point increases from 262 to 272°C, but the self ignition point 
decreases from 312 to 293°C. 

The next analysis of the ageing behaviour is foreseen for mid of 1989 
(about 6.5 years). 

List of publications 
(1) Physico-chemical characterization of bituminized Eurochemic 

medium-level waste - Annual report 1986 (R2738) 
Presented at the CEC progress meeting for task 3, sections 1+5 
(Cadarache, April 1987). 

(2) Physico-chemical characterization of bituminized Eurochemic 
medium-level waste - Semestrial progress report January-June 1987. 
Presented at the CEC progress meeting for task 3, section 1-2-3-5 
(Fontenay-aux-Roses, October 1987). 
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FULL SCALE LEACHING TESTS, LYSIMETER TESTS, SCALE EFFECT 

Contractor : CEA, CEN-Cadarache, France 
Contract No. : F11W/0095/1 Task 3 
Working period : January 1987 - December 1987 
Project leader : A. SAAS 
Executant of task 3 : J-C NOMINE, CEN-Saclay 

A. OBJECTIVES AND SCOPE 
The task 3 deals with the following areas of applied research : full scale 
leaching tests, laboratories lysimeter tests and the study of the scale 
effect in the leachability of radioactive blocks. 

B. WORK PROGRAMME 
B.l Knowledge of the transfer of radionuclides by leaching between full-

scale packages of real active waste encapsulated in different matrice 
and the biosphere. 

B.2 Lysimeter tests on inactive or active doped samples. 
B.3 Does a "scale effect" exist, which will permit from laboratory 

measurements of the leachability of small blocks of embedded wastes, 
the extrapolation of the results to real blocks ? 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
During the period January ­ December 1987, substantial results on the 
above mentionned objectives have been obtained, especially in the field of 
full size leaching tests and lysimeter experiments. 

Full scale leaching test (B­l) 
Full scale leaching experiments have been carried out ; 
i. experiments is going on for some blocks 
ii. the leaching process has been stopped for others 

iii. experiments on new blocks have been launched. 

i. KFK cement. A concentrate block of 170 1 containing either specimen 
alpha or beta­gamma emitters ; the focus is on the amount of cesium and 
total salts evacuated after more 500 days ■ 20 and 9 % respectively. 

ii. Two tritiated cement­composite blocks were fabricated with dismantling 
wastes issued from a hot cell of CEN­Saclay. After 300 days, the total Cs 
leached fraction located between 1.5 and 2.8 10~6 ; it must be emphasized 
that one of the block was superficially cracked, a fact which seems to have 
no significant influence on the Cs release. 

iii. 4 x 200 1 blocks issued from CEA research centers containing either 
ciment and evaporator concentrates or cement­sludges and concentrates 
(alpha emitters only) are under investigation. After 90 days, no really 
significant release of radionuclides has been observed. 
2 x 200 1 blocks containing bitumen and evaporator concentrates with beta­
gamma and alpha traces, fabricated at the bituminizing facility of CEN­
Saclay began to be leached 90 days ago. After this period, the following 
values were noted for the total fraction leached : 137cs *, 10­^, °̂ co 
A/ 3 10~3 (a high value), 90gr ^ 10­*, alpha : non significant, dry 
extract : 5 %. A beginning of swelling has been observed. 

Lysimeter experiments (B­2) 
Laboratory scale lysimeters have been studied, fabricated and experimented 
in an inactive way. The efficiency of the apparatus has been demonstrated. 
Some experiments, conducted with a 90%/10% sand­clay mixture, as represen­
tative of an engineered barrier, showed a good confinaient of the cesium 
contained in the concrete samples. 

Scale effect (B­3) 
The, continuation of the experiment shows that after 735 days for the actual 
total duration, the differences on the values of the annual activity 
fraction released (F.A.L) by leaching between the samples (200, 20, 4 x 20 
and 0,2 1 for memory) are not high. The total fraction leached obtained 
are plotted in the next table. 
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BLOCK 

200 liters 
20 " 
2 J " 
2 A " 
2 C " 
2 S " 
0.2 " 

£ an 
at 735 days 

Ao 

8.83 x IO-3 
2.60 x IO-2 
5.33 x IO"2 
5.37 x IO-2 
6.58 x IO-2 
4.80 x IO-2 
5.66 x IO"2 

V cm.d * at 735 days 

1.19 x 10-4 

1.72 x 10"4 
1.65 x 10"4 
1.66 x 10-4 

. 1.94 x IO-4 
1.42 x 10"4 
8.35 x IO-5 
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EMBEDDED WASTES AND LEACHATES 

Contractor CEA : CEA CEN CADARACHE FR 

Contract n° F : 11 W/0095/1 - task 3 

Working period : 1986 - 1989 

Project leader : A. SAAS 

Executant : C. POLETIKO CEN CADARACHE 

A - OBJECTIVES AND SCOPE 

To characterize low level and intermediate level 
activities on nuclear wastes, we must develop analytical 
methods required for alpha and pure bêta emitters. 

For such measurements we must obtain a liquid 
sample, this implies a complete destruction of each 
matrix. 

The final objective of the programme is to provide 
an acceptable set of methods for the characterization of 
each type of embedded waste. 

B - WORK PROGRAMME 

B.l - Full destruction of embedded thermosetting 
resins. 

99 
B.2 - Measurement of pure bêta emitters ( N i , Fe, 

Tc...). 
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B.3 - Mineralization of bitumen matrices and 
solubilization of sludges used to coprecipitate 
nuclides. 

B.4 - Solubilization of cement matrices. 

14 3 
B.5 - Measurement of C and H in all matrices, 

B.6 - Method for concentration and separation of 
alpha emitters from each solution of mineralization. 

rB.7 - Solutions of gamma emitters, at low 
94 concentration (such as Nb). 

C - PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement : 

In 1987 we did the isolation of iron 55 as scheduled 
in B.2 programme. The second determination was the 

93m. 94 isolation and measurement of rib and Nb as scheduled 
in B.7 programme. 

Progress and results : 

After mineralization of samples a specific chemical 
separation has been done for iron 55 measurement. 

The specificity of iron is to precipitate with 
ammonia, the yield is close to 100 % at pH s 10. 

Iron 55 has an X ray in 6 keV vicinity. The best 
ways to measure this isotope is : 

- liquide scintillation for low activities (i.e. 
< 100 Bq/1), 

- X ray spectrometry for higher activities. 
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Some samples have been analyzed : 

Inconel, ion exchange resins for nuclear wastes and 
also environmental samples (from nuclear power plant 
rejection). 

Results were in good agreement with Co and Ni 
which are also activation products. Detection limit is 
close to 1 Bq per sample. 

Concerning niobium, gamma spectrometry does not 
permit to evaluate 94 and 93m isotopes due to low 
activities of these isotopes ; a chemical separation is 
required. 

An procedure has been developped, which permits a 
94 full extraction of niobium with TBP. Nb is then 

measured with a germanium h.P detector and "'Nb, 
X rays, is measured with a germanium planar detector. 
Ion exchange resins have been successfully tested. 

Detection limits are : 

94 1 Bq per sample for Nb, 

10 Bq per sample for ""Nb. 

Liste of publication : 

55 
- Technical report for Fe (Internal CEA + CCE) 

- Technical report for ^Ib and Nb (Internal 
CEA + CCE). 
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3.B. High active and alpha waste forms characterization 
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Investigation of the Long Term Behaviour of HLW Glass 
Under Conditions Relevant to Final Storage 

Contractor; Fraunhofer-Institut für Silicatiorschung (FhG-ISC), 
Würzburg, F.R.G. 

Contract No.; FI1W/0028 
Working period; May 1986 - October 1988 
Project leader; H. Roggendorf 

A. Objectives and Scope 
Borosilicate glasses are proposed as waste form for the final dis­

posal of High Level Waste (HLW) by the Federal Republic of Germany. Bet­
ween 1980 and 1985 extensive studies on the corrosion mechanisms of the 
inactive HLW glass type SM 58 in a salt brine were performed by the con­
tractor (contract nos. WAS-232-81-53 D (B) and WAS-323-83-53 D (B)). A 
theoretical study /l/ on reported corrosion data (for different glasses 
and different corrosion conditions) showed that most HLW glasses corrode 
according to a very similar pattern. The main mechanisms are: 
- network dissolution, 
- formation of reaction product layers on top of the glass, and 
- ion exchange. 

The following model was developed from these results: In fresh leach-
ants corrosion starts with an initial rate ro linearly depending on t. Due 
to the accumulation of reaction products in the leachate, this initial 
rate slows down and reaches finally a long term rate rœ, which again is 
linearly depending on t. Long term corrosion conditions can be achieved in 
the laboratory by enlarging the sample surface area to solution volume ra­
tio s. The product s*t is a parameter taking into consideration that in 
corrosion tests with higher s values saturation with glass corrosion pro­
ducts is reached in a shorter time. 

At present the interest is focused on the following open points: The 
data at high s*t values should be approved by additional experiments. Only 
a few data could be collected up to now about the composition of leachates, 
especially salt brines, saturated with glass corrosion products, and the 
influence of the surface composition of the remaining glass on the corro­
sion rate is still unknown. The last point is important for high s't val­
ues, because it is expected the depth of the ion exchange zone to be in­
creased when the corrosion rate decreases. The aim of the current contract 
is to clear the questions indicated above and to investigate the corrosion 
mechanisms of the new reference HLW glass SON 68. The corrosion tests will 
be performed in cooperation with the Hahn-Meitner-Institut (HMI), Berlin. 

B. Work Programme 
B.l. Corrosion pre-tests for the optimization of analytical techniques. 
B.2. Supplementary corrosion tests. 
B.3. Optimization of analytical techniques (Photoelectron spectroscopy 

(XPS), acid etching). 
B.4. Optimization of preparation methods. 
B.5. Preparation and measurement of standard samples with XPS. 
B.6. Surface analysis of corroded glass samples. 
B.7. Preparation and sampling of saturated leachates at test temperature 

with subsequent chemical analysis. 
B.8. Evaluation of test results. 
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C. Progress of work and obtained results 
Summary 

During 1987 several series of corrosion tests have been performed. 
For these tests two versions of the SON 68 glass were used, the original 
SON 68 from COGEMA and a substitute from HMI, Berlin.-The SON 68 substi­
tute was used for 90 tests in which glass chips and glass powder were 
corroded together in three different salt brines. The results provided an 
overview on the corrosion behaviour of SON in salt brines. „ 

Another set of 12 tests with the original SON 68 under similar condi­
tions was performed at HMI, Berlin. The investigation of the surface che­
mistry of these samples started at the end of 1987 at FhG-ISC. 

Additional corrosion experiments have been carried out in solution 1 
at 190 °C (Table I). In these tests surface area, solution volume, and 
corrosion time were used in order to vary-the s»t-value (s: ratio of sur­
face area to solution volume; t: corrosion time) without powder addition. 

For solution analysis an autoclave system was built up which allows 
the sampling of leachates during the corrosion tests. These tests will be 
started at the beginning of 1988. 
The general work progress is as follows: *. 
B.1. and B.2.: are completed 
B.3. : partly completed (acid etching), partly delayed, 
B.4. : progressing normally, 
B.5. and B.6.: delayed, 
B.7. : progressing normally. 

Progress and results 
1. Corrosion pre-tests and supplementary corrosion tests (B.l. and B.2.) 

Chips of the HLW glass SON 68 (composition in Table I) with a size of 
12 x 9 x 2 mm3 were corroded in salt brines (composition in Table II) at 
110, 150, and 190 °C for 30 and 120 d. The ratio s of the glass surface 
area to the leachant volume was varied between 0.033 and 100 cm_1 by add­
ing glass powder with adjusted particle sizes to the tests. For each com­
bination of leachant and temperature 10 corrosion tests were performed. 
The corrosion progress was determined by balancing the glass chips and by 
analyzing the boron and lithium content of the leachates. The s ratio was 
corrected approximately for the decrease of surface area during the corro­
sion test. 

A straightforward interpretation led to the following results: 
- the long term corrosion process depends linearly on s »t in the 

solutions 1 and 2 
- and follows a square root time law in solution 3, but 
- the observed temperature dependance of the corrosion tests was contra­

dictory and could not be explained by simple reaction kinetics. 
In the meantime an additional set of corrosion tests with the glass 

SON 68 in solution 1 at 190 °C has been performed. The aim was to gather 
more data for these specific corrosion conditions over a wide range of 
s-t. This was achieved by varying the leachant volume, the corrosion time, 
and the surface area of the glass sample. Figure 1 shows these data in a 
double logarithmic plot as mass of reacted glass per leachant volume m 
(q indicates the determination by balancing) vs. s«t. Allthough the da?a 
points are scattering a bit (s »t is only approximating an universal time 
parameter), one may assume that the corrosion process proceeds linearly 
with time at a given s value until the leachate is saturated with respect 
to a reaction product. Then the corrosion rate slows down until a lower 
value is reached. The corrosion proceeds then again linearly with time 
until the leachate is saturated with respect to a new reaction product. 
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looks as if five distinct s»t ranges can be distinguished: 
0.03 en 'dá s't Ş 0.3 cnf^d; m depends linearly on s't; 
r = 0.63 mg cm z ,d~. q 

It looks as 
1. 

r = 0.63 mg 
2. 0.3 cm #

d S s»t S 4 cm 1»d; m is more or less constant. 
3. 4 cm_1'd á s»t S 25_cm~1»dj m qdepends linearly on s*t; 

r = 0.051 mg cm~2'd­1. q 

4. 25 cm »d á s*t S 90 cm _: m is more or less constant. 
5. 90 cm­1'd á s»t Ş 800 cm­1«dq m depends linearly on s't; 

r = 0.0079 mg»cm~2»d~1. q 

Above 800 cm 1*d only few data points are available, but they indicate a 
new range with r = 0.0036 mg*cm~2»d_1, if the value at s»t = 2450 cm­1»d 
is determined correctly. 

These findings indicate that the corrosion model of an initial corro­
sion rate r slowing down to a final corrosion rate r^ should be expanded 
to allow more than one solubility limitation. 

With that expanded corrosion model in mind the earlier corrosion data 
were evaluated again. The corrosion rates found for the corrosion of the 
HLW glass SON 68 in solutions 1 and 2 for different s»t ranges are listed 
in Table III. The results of this new evaluation were: 
­ for each set of corrosion data (same temperature and leachant) more 

than one s*t range was found with a respective corrosion rate r 
depending linearly on s*t; 

­ data for different corrosion times can be compared on a common s«t 
scale only at 190 °C; 

­ it is not always possible to compare data for the same s»t value to get 
informations about the temperature dependence of the corrosion reac­
tion; 

­ the underlined data at 110 °C, 150 °C, and 190 °C for corrosion in so­
lution 1 which were determined for different s*t ranges fit to the same 
thermal activated reaction (activation energy 18 kJ/mole) ; 

­ it seems to be that the long term corrosion conditions are achieved in 
the discussed tests only at 190 °C. 
As said before the corrosion process in solution 3 follows a square 

root time law. Figure 2 shows this for 150 "C. Again the data for diffe­
rent corrosion times do not follow the same /s't­law, even not at 190 °C. 
The square­root time law indicates the influence of diffusion processes 
either in the glass surface region or in the solution. 

2. Corrosion tests (B.2.) 
To prepare samples for surface analysis 12 corrosion tests were per­

formed at the HMI. The test parameter were chosen to get samples for the 
short, medium, and long term range of the corrosion process. Table IV 
shows the test parameters applied. The data from these HMI tests agree 
very well with the data measured at FhG­ISC. This is demonstrated in Fi­
gure 3 for the corrosion at 190 °C in solutions 1 and 2. 

3. Surface analysis (B.3. and B.5.) 
A set of 15 standard samples for quantitative XPS analysis of the 

surface composition of corroded SON 68 glass chips has been melted. These 
standards have a general composition similar to SON 68, but in each of 
them, the compositions were varied. Due to faults in the XPS equipment the 
measurements are delayed. But the first standard samples have been investi­
gated. The XPS analysis was performed in combination with Ar ion milling. 
After each milling step the surface was analysed with XPS. This procedure 
was continued until the signals of the individual elements reached a 
constant level. For Si and O the standard deviation for more than 10 
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measurements at various depths was lower than 1 %. For most other elements 
the standard deviation was about 10 %. Zn was an exception with rather 
poor results due to the low Zn content of the glass and the low sensitivi­
ty of XPS for Zn. As a first impression quantitative determinations should 
be possible for Si and Ca, with less certainly for Na. The results for 
Boron were rather poor and should be investigated further. 

References 

/!/ CONRADT, R., ROGGENDORF, H., and OSTERTAG, R., Report of the 
Commission of the European Communities, Report EUR 10680 EN (1986) 

Table I. Composition of the HLW glass SON 68 in wt. % 

Si02 

45.5 

B 0 2 3 
14.0 

Na20 

9.9 

Li20 

2.0 

A1203 

4.9 

CaO 

4.0 

Fe 0 2 3 
2,9 

Zr02 
2.7 

ZnO 

2.5 

rest 

11.4 

Table II. Composition of the leachants in wt. % 

solution NaCl KCl MgCl MgSO CaSO CaCl, V°4 
1 1.45 
2 0.31 
3 25.90 

rest is water 

4.73 
0.11 
0 

26.80 
33.03 
0 

1.40 
0 
0.16 

0 
0.005 
0.21 

0 
2.25 
0 

0 
0 
0.23 

Table III. Corrosion rates r for the corrosion of the HLW glass SON 68 
in salt solutions 

solution 

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

G in °C 

110 
110 
150 
150 
190 
190 
190 
190 
110 
110 
150 
150 
190 
190 

°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 
°C 

s*t ranges 
in cm 'd 

0 - 2600 
0 - 12000 
0 - 2600 
0 - 1100 
0.03 - 0.3 
4 - 25 
90 - 800 

> 800 
0 - 2500 
0 - 10000 
0 - 2600 
0 - 1100 
0 - 700 

600 - 2500 

corrosion times 
in d 

30 
120 
30 
120 

X 
X 
X 
X 
30 
120 
30 
120 

X 
X 

corrosion rate r 
in mg»cm 2,d * 

0.0035 
0.00081 
0.0036 
0.0021 
0.63 
0.051 
0.0079 
0.0036 
0.0058 
0.0020 
0.0039 
0.0022 
0.0097 
0.0032 

at 190 °C the data for different corrosion times can be compared on a 
common s*t scale 
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Table IV. Test parameters for the corrosion of the HLW glass SON 68 in 
salt brines; tests performed at HMI, Berlin; m is the amount 
of reacted glass per leachment volume determinld by balancing 
the glass chips 

Test solution 0 in °C s in cm 

Wl 
W2 
W3 
W4 
W5 
W6 
W7 
W8 
W9 
W10 
Wll 
W12 

-1 -3 

1 
1 
2 
2 
3 
3 
1 
2 
3 
1 
2 
3 

190 
190 
190 
190 
190 
190 
150 
150 
150 
110 
110 
110 

0. 
10 
0. 
10 
1 

100 
10 
10 
100 
10 
10 
100 

t in d 
82 
158 
82 
159 
81 
130 
243 
249 
251 
242 
248 
250 

m in mg*cm 
0.25 
5.5 
0.22 
4.6 
1.1 
12 
4.0 
2.7 
4 
1.7 
2.0 
15 

io2-! 

ioM 
E o 
I 10° H 
c 

ur-

nr* 

°.o * 

° o o 8 o o o o 

—f— 
10° HT* 10" 101 

s-t in cm" 1-d 
10' 10' 10* 

Figure 1. Amount of reacted glass per leachant volume m as a function 
of the product s*t for the corrosion of the HLWqglass SON 68 in 
solution 1 at 190 °C; s: ratio of glass surface area to leachant 
volume; t: corrosion time; 

o : corrosion test with glass chips only; 
• : corrosion test with glass chips and glass powder 
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s-t in c m -d 

Figure 2. Amount of reacted glass per leachant volume, ni (determined 
by boron analysis of leachate) as a function or /s«t for the 
corrosion of the HLW glass SON 68 in solution 3 at 150 °C; 
D : 30 d; O : 120 d 
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Figure 3. Amount of reacted glass per leachant volume, m (determined by 
boron analysis of leachate) as a function of s»t for the corro­
sion of the HLW glass SON 68 in solution 1 (a) and solution 2 

. (b) at 190 °C; 
D : 30 d; O : 120 d; + : HMI test 
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Radiolytic Oxidation 

Contractor; UKAEA, Harwell Laboratory, UK 
Contract No; FI1W/0029 
Duration of Contract; September 1986 - March 1989 
Project Leader; F.T. Ewart 

A. OBJECTIVES AND SCOPE 
Preliminary studies in the UK and USA have suggested that alpha and 

gamma radiation fields can increase the oxidation state of some elements 
important to radioactive waste management. This programme will establish 
the significance of these effects as a mechanism for causing enhanced 
aqueous concentrations in the near-field of a repository. Because of the 
flux of radiation necessary to cause these oxidation state changes, the 
effects are only likely to be found in cemented ILW or vitrified HLW; the 
programme therefore addresses only these waste forms. 

In part of this programme a model of radiolytic effects will be 
constructed which is compatible with the geocheraical codes that are used 
for modelling repository behaviour. This model will be used to interpret 
the results obtained in the experimental studies. 

B. WORK PROGRAMME 
B.1. Effects of gamma irradiation on neptunium and uranium solubility 

limits 
B.2. Electrochemical study of the dissolution of oxides of Tc, Np, Pu and 

Am. 
B.3. Effect of enhanced alpha radiation on the solubility of elements 

selected by studies under B.2. 
B.4. Effect of radiolysis on sorption of Tc, Np and Pu. 
B.5. Study of overall effects of radiation, waste, matrix and backfill. 
B.6. Effect of colloids. 
B.7. Modelling studies. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of advancement 

Further studies on the effect of gamma irradiation on the solubility 
of neptunium have been made. These have provided more evidence that the 
irradiation of neptunium(IV) in contact with water below pH12 results in 
the oxidation of the radionuclide to a more soluble form. Irradiation in 
concrete equilibrated water above pH12 shows no increase in the 
concentration of neptunium to levels above the detection limit of 
3 x 10"8M. These studies are near completion. Solubility data for 
uranium(IV) and uranium(VI) are currently uncertain and gamma irradiations 
of the U(IV) system have been delayed until improved results are 
available. 

The electrochemical cell has been constructed and has been 
commissioned inactively. Current effort in this part of the programme is 
directed at the fabrication of an active working electrode. 

The overall effects experiments have been set up and are 
equilibrating. The analyses of these experiments are scheduled for the 
beginning of 1989 after approximately one year. 

Sorption studies have commenced with a BFS/OPC substrate. The 
radionuclide chosen for the initial work is technetium. Early results 
suggest that gamma irradiation of a solution of pertechnetate in contact 
with 3:1 BFS/OPC under argon results in precipitation of technetium from 
solution. This behaviour would be characteristic of the reduction of 
Tc(VII) to a less soluble oxidation state. 

Computer based modelling studies of radiolytic oxidation have 
addressed the need to ensure that the kinetic model, which best describes 
the process of radiolysis, is also compatible with the thermodynamic 
approach adopted by most speciation models. The kinetic model has been 
adapted to simulate a reduced number of reactions representing only thermal 
chemical processes, under selected conditions corresponding to those in 
typical thermodynamic modelling using the PHREEQE code. Modelling studies 
are continuing with the radiolytic effects superimposed on the thermal 
chemistry for the speciation of plutonium ions. 

The current state of work progress is as follows: 
B.l. B.2. Progressing normally. 
B.3. Delayed, will start early 1988. 
B.4. Originally delayed, now progressing normally. 
B.5. Progressing normally. 
B.6. Not yet started. 
B.7. Progressing normally. 

PROGRESS AND RESULTS 
1). Gamma Irrradiation and Solubility (B.l.) 

Neptunium 
Work on the gamma irradiation of Np(IV) hydroxides is nearing 

completion /l/, /2/. All the experiments this year have been sampled by 
filtration through Araicon Centricon-30 filters (30,000 molecular weight 
cut-off) and analysed by liquid scintillation counting. A large set of 
experiments have been irradiated at a low dose rate of 40Gy.hr"1 by 
external 60Co sources to an accumulated dose of 1.7 x 10s Gy over a period 
of approximately ten months. The results of these experiments are 
summarised in Table I. The maximum concentration of neptunium obtainable 
in solution in these experiments was 7 x 10"5M, some samples approach this, 
level. Irradiation at the high pH of the concrete water failed to raise 
the concentration of Np above the detection limit of 3-»6 x 10"8M and 
stainless steel appears to play a role in decreasing the concentration in 

— 202 — 



other waters. Neptunium(IV) has also been precipitated from solution in 
the presence of sodium dithionite as a holding reductant to minimise any 
possibility of oxidation prior to irradiation. Irradiation of this solid 
in bentonite water under argon confirms previous results; the solution 
level rises as the total dose increases. These results are summarised in 
Table II. 

2. Sorption (B.4) 
Solutions of technetiura(VII) in contact with a representative grouting 

composition of 3:1 BFS/OPC have been gamma irradiated. Solid/liquid 
separation is performed by filtration through Amicon Centricon-30 filters 
and samples analysed for technetium by liquid scintillation counting. 
Irradiation under argon to an accumulated dose of 4.3 x 10* Gy results in 
precipitation of Tc from solution and results in artificially high 
distribution ratios of up to 4 x 105ml g"1, calculated from the loss of 
radionuclide from solution. If air is present during irradiation low 
values for Rd of 4-»40ral g'1 are obtained, these are similar to values for 
unirradiated experiments under air or argon. This behaviour suggests that 
pertechnetate, irradiated in solution under argon, in contact with BFS/OPC, 
is being reduced to a less soluble form. These initial results may mean 
that oxidation of Tc in the lower oxidation states in gamma fields is 
unlikely to occur for waste encapsulated in BFS/OPC matrices. 

3. Overall Effects (B.5) 
The overall effects experiments, which simulate the near-fields of 

representative intermediate and high level waste repositories, have been 
started. A total of 20 experiments have been mounted in stainless steel 
vessels. Some modifications were made to the conditions proposed in the 
original technical annex due to the delay in commencing this part of the 
programme. The hydroxides of the radionuclides (Tc, Pu, Np) were used 
rather than the oxides to enable the system to equilibrate more rapidly. 
It was originally hoped to use ratios of materials eg. bentonite:glass 
which would be related to those proposed for the 'Round Robin' leach test. 
Due to the smaller scale of our experiments the ratio of water to solids 
has been increased to guarantee sufficient recovery of the aqueous phase 
for analysis at the conclusion of the experiments. 

4. Modelling Studies (B.7) 
The computer based modelling studies have concentrated on relating the 

kinetic model of radiolysis to the thermodynamic equilibrium models which 
are commonly used to simulate the thermal chemistry of radionuclide ions. 
The thermodynamic model chosen for comparison was the PHREEQE. code, as 
specified in the programme technical annex, section 2.1. The radiolytic 
model which had been developed during 1986 for plutonium speciation 
included a comprehensive set of thermal and radiolytic processes, with 
reaction rate constants based on literature values for radionuclide 
species /3/ and water radiolysis /4/. This model was stripped of all 
radiolytic processes and the thermal reaction rate constants were 
re-evaluated to be consistent with the equilibrium constants given in 
PHREEQE /5/. The control of Eh by notional species was also included. 
Results of a PHREEQE simulation for a plutonium solution under typical 
conditions were replicated exactly by the kinetic model. The simulations 
included, optionally, interaction of solution species with solid (mineral) 
phase compounds or purely solution chemistry. With this compatibility 
assured, the radiolytic model has been revised and work is in progress on 
combined radiolytic and thermodynamic simulations. Preliminary indications 
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are that a y dose rate of 500 Gy. hr"1 causes appreciable changes in 
plutonium speciation. 

References 
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259-279 (1983). 
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Table I 

1 
N 

Irradiation of 

Water 

Bentonite 

Concrete 

Granite 

AnalaR 
+ NaOH 

otes 

Solid 
Present 

None 
Bentonite 
Bentonite 
Stainless 
steel 

None 
Concrete 
Concrete 
Stainless 
steel 

None 
Granite 
Granite 
Stainless 
steel 

None 
Stainless 
steel 
Stainless 
steel 
Stainless 
steel 

Np(IV) 

Amount 
of 
Solid 
/g 

0.1 
0.1 
1.0 

— 
1.0 
1.0 
1.0 

— 
1.0 
1.0 
1.0 

— 
1.0 
1.0 
1.0 

Hydroxide, Low Dose 

pH After Irrad­iation 

8.5 
8.9 
8.8 
8.5 

12.5 
12.7 
12.4 
12.6 

8.3 
8.8 
8.6 
8.2 

7.9 
8.1 
8.0 
11.6 

Eh/mV vs Ha 
after 

Irradiation 

+340 
+370 
+380 

+200 - -70 

+220 - +20 
+160 - - 80 
+170 - - 30 
+170 - - 330 

+70 
0 - -60 

+180 - +160 
-95 - -85 

+370 - +300 
-20 - -30 

+170 - +60 

-360 - -490 

Rate ((i) 

Filtered 
[Np]/M 

4 x 10"« 
3 x IO-» 
4 x IO"5 
8 x 10-T 

<6 x 10-« 
<6 x 10"« 
<3 x 10-» 
<3 x IO"« 

2 x 10-« 
5 x IO"7 
7 x IO"6 
3 x 10-7 

2 x IO"7 
6 x IO"7 

2 x 10-« 

2 x IO"« 
| 

f(ii)) 

Unfiltered 
[Np]/M 

6 x IO"5 
9 x 10-» 
9 x 10-* 
4 x 10-s 

<6 x 10-« 
<6 x 10-« 
<4 x 10-« 
2 x 10-« 

5 x IO"5 
3 x 10-s 
4 x 10-s 
4 x 10-5 

4 x IO"5 
4 x 10-5 

3 x IO"« 

4 x 10-5 

(i) Dose rate = 40 Gy/hr 

(ii) Accumulated Dose = 1.7 x 10s Gy 

(iii) Many redox measurements were unstable showing a slow drift, 
this is indicated in the table 
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Table II 

Gamma Irradiation of Np(IV) Precipitate* 

Water 

Bentonite 

. Concrete 

Dose /kGy 
0 

6.2 

12 

19 

25 

36 

0 

A8 

Final 
PH 
9.5 
9.6 
9.3 
9.2 
8.0 
8.0 
8.5 
8.5 
8.7 
8.7 
8.7 
8.5 
11.1 
11.1 

10.5 
10.1 

Final Eh/mV 
+250 
+240 

+560 - +320 
+460 - +330 

+600 
+600 

+630 
+620 

+600 
+600 

+300 
+300 

+380 
+380 

+550 
+450 

Filtered [Np] /M 
<3.2 x IO"8 
<3.2 x IO"8 

2.5 x IO"« 
3.5 x 10-6 

3.9 x IO"8 
7.4 x'IO"« 

1.3 x 10-s 
9.7 x IO"6 

1.2 x IO"5 
1.2 x IO"5 

1.8 x IO"5 
1.5 x IO"» 

<3.2 x IO"« 
<3.2 x IO"« 

5.5 x IO"6 
1.4 x IO"6 

Dose rate =0.26 kGy hr"1 

* Neptunium(IV) precipitated in the presence of sodium 
dithionite as holding reductant. 
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Table III 

Sorption of Technetium on 3:1 BFS/OPC 

Size^) 
Range 

F 

C 
F 
C 
F 
C 
F 
C 
F 

Atmos. 

Air 

Ar 

Air 

Ar 

Ar 

Total Contact Time/ Days 

1 
1 
7 
14 
14 
9 
9 
9 
9 
19 
19 
19 
19 
14 
14 
14 
14 
9 
9 
9 
9 

Irrad. Time/ Hrs. 

-

™ 

170 

167 

97 

Dose /kGy 

-

— 

44 

43 

25 

Starting Conen, of Tc/M 

7.4 x IO"5 

7.8 x IO"5 

7.5 x IO"5 

7.8 x IO"5 

7.8 x IO"5 

Final Cone. of Tc/M 

4.5 x IO"* 
3.5 x IO"» 
4.9 x IO"5 
3.8 x IO"5 
3.9 x 10-s 
5.8 x 10-s 
5.6 x IO"5 
3.4 x 10-5 
3.2 x IO"5 
6.2 x IO"5 
5.9 x 10-s 
2.5 x IO"5 
3.1 x IO"5 
4.6 x IO"9 
3.9 x IO"9 
3.0 x IO"7 
6.4 x IO"6 
1.0 x IO"5 
8.2 x IO"6 
3.9 x IO"5 
3.3 x IO"5 

R (2 Rd /ml.g-i 

13 
23 
10 
19 
19 
7 
8 
25 
28 
4 
5 
41 
28 

3.4x10-5 
4.0x10-5 
5.2xl0-3 
2.2xl0"2 
1.3x10-2 
1.7x10-* 

19 
27 

Notes 

(1) F = fines, size range <0.125 mm 
C = coarse material, size range 2-5 mm 

(2) Values of distribution ratios for irradiated experiments 
under argon may be artificially high due to precipitation of 
technetium 
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BASIC MECHANISMS OF AQUEOUS CORROSION OF WASTE GLASSES 

Contractor: CEA, CEN-Valrho, SDHA, F 
Contract No: FI1W-0030 
Duration of Contract: August 1986 - July 1989 
Project Leader: N. Jacquet-Francillon 

A. OBJECTIVES AND SCOPE 
Although a major research effort has been undertaken during the last 

decade on aqueous corrosion of nuclear glasses 111 |2| our understanding 
of the basic corrosion mechanisms is essentially phenomenological and 
many important questions remain unanswered. This understanding is indis­
pensable to ensure that the mechanisms taken into account in corrosion 
models correspond effectively to those governing the long term release of 
radionuclides. 

The experiments proposed here are parameter studies of simple glass-
water systems designed to investigate the effects of saturation, leaching 
under hydrothermal conditions, corrosion at the interface layer, and the 
behavior of technetium and the actinides. 
B. WORK PROGRAM 
Bl Investigation of the apparent solubility limit of SON 68 glass for 

different SA/V values. (Are the steady-state concentrations in solu­
tion related to the glass itself, to the gel or to newly formed crys­
talline phases?) 

B2 Hydrothermal leaching and analysis of the crystalline phases formed 
between 50°C and 250°C. 

B3 Examination of the interface or ionization layer between the surface 
layers and the sound underlying glass. 

B4 Determination of the concentration profiles in the surface layers for 
the principal actinides. 

B5 Filtration study of the physicochemical form in which plutonium is 
found in the leachates. 

B6 Investigation of technetium behavior. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of Advancement 

- Solubility: The experiments were conducted for a full year, and have 
now been completed. A true solubility limit was not reached in any case 
since the silicon concentration continued to increase slightly. At high 
values of (SA/V x time), corrosion rates as low as 5 x 10 - 4 g-nr*d-1 were 
measured. 

- Hydrothermal Leaching: The experiments at all three temperatures have 
been completed. At 50°C, 150°C and 250°C corrosion was found to progress 
in a linear manner. A large number of newly formed crystalline phases 
were observed at 250°C as well as very extensive sample deformation. 
- Corrosion Front: The initial transmission electron microscope examina­
tions showed that the "corrosion front" obtained by Soxhlet leaching was 
less than 500 A thick. 
- Actinide Concentration Profiles: Under Soxhlet conditions most of the 
plutonium and americium were confined in the surface gel layer although a 
solubility limit did not appear to be reached in solution. Leachate fil­
tration studies have not yet begun. 

- Technetium Leaching: The experiments with durations up to 91 days have 
been completed; others lasting up to one year are still in progress. In 
oxidative conditions, technetium was found to be a mobile element both in 
distilled water and in "Volvic" mineral water. 
Progress and Results 
1. Solubility (B.l) 

A new series of experiments was undertaken at 90°C at three different 
SA/V ratios, with three specimens in each case placed in sealed tubes to 
prevent water loss. The experimental duration was extended to one year. 

The results confirm that the silicon concentration in solution is 
highly dependent on the SA/V ratio. This was attributed to SA/V-related 
changes in the pH. Results expressed as the product of (SA/V x time) 
thus differ for each SA/V ratio considered (Figure 1). 

Nevertheless, no true silicon solubility limit was reached, even at 
SA/V ratios as high as 8000 m"1: the solution is therefore not in equi­
librium with the glass, the gel or a neoformed silicate phase. Extremely 
low corrosion rates were obtained under these conditions (Table I) indi­
cating that the long-term rate obtained with low (SA/V*t) values may be 
overestimated. 

2. Hydrothermal Leaching (B2) 
The experiments involved alteration of monolithic specimens with a 

large surface area (SA/V = 350 nr1) in "Volvic" water at 50, 150 and 
250°C under a pressure of 10 MPa. 
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- Solution Analysis Data: The results are shown in Figure. 2 , 
The most notable finding is the linear evolution of the corrosion at all 
three temperatures after the usual slowdown during the first few days. 
Comparable results were obtained in double distilled water |2| suggesting 
that perhaps this linear corrosion corresponds to a glass hydration mech­
anism independent of the solution concentration. 
- Identification of Neoformed Mineral Phases: No crystals were observed 
by optical or electron microscopy on the sample leached at 150°C although 
X-ray analysis using a linear localization detector showed minute amounts 
of minerals from the analcime-pollucite series together with hydrated 
calcium silicates (3.04 A and 2.34 A lines could not be positively 
identified ).The 250°C specimen showed significant crystallization under 
optical and electron microscope observation, and the following species 
were identified by X-ray diffraction: minerals of the analcime-pollucite 
series, gyrolite and okenite (hydrated calcium silicates), and clayey 
materials resembling smectite (12.5 A reflections). It may be noted that 
crystal development was considerably higher in Vol vi c mineral water than 
in double distilled water for the same time and temperature. 

3. Corrosion Front Examination (B3) 
Ultramicrotome samples were prepared for transmission electron micro­

scopic examination of the surface layer on a sample leached for 28 days 
under Soxhlet conditions. This technique provides sufficient resolution 
to analyze points only 200 A apart. No transition was observed between 
the glass and the gel layer, only a clear separation at nanometer scale. 
The analysis findings at 200 A on the glass side of the interface indica­
ted the same composition as the bulk glass. 

The thickness A of the corrosion front can be expressed simply by the 
following relation: A = D/V, where D is the mobile element interdiffusion 
coefficient and V is the glass corrosion rate. Since V is very high in 
Soxhlet experiments, it is not surprising to find an extremely thin cor­
rosion layer. 

The remainder of the program will investigate static leaching samples 
with high SA/V ratios for which the corrosion rate V is several orders of 
magnitude lower, and on which the interface layer should be substantially 
thicker. 
4. Actinide Concentration Profiles (B4) 

Four SON 68 glass samples doped with 0.85 wt% of 2 3 7Np, 2 3 9Pu, 2 3 8Pu 
and 241Am oxides were leached for 28 days under Soxhlet conditions. The 
surface layers were generally similar to those obtained on inactive sam­
ples, comprising an inner layer enriched in Zr, La, Ce, Nd, Cr, P, Mn and 
Fe, and an outer layer also enriched in Mn, P and Fe but especially in 
Ni, Cr, Zn and Al. 

The actinides were found in both layers, but primarily in the inner 
layer. The actinide enrichment was much higher for Pu and Am than for 
neptunium. The slight differences observed between 238Pu and 2 3 9Pu may 
be attributable to radiolysis, and will have to be confirmed by another 
series of tests before any conclusions can be drawn. 
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5. Technetium Leaching (B6) 
Samples with a 50 m"1 SA/V ratio were leached under static conditions 

in teflon containers. The results are summarized in Table II. In oxida­
tive conditions the technetium leach rate exceeded the overall mass leach 
rate: technetium therefore behaves like a mobile element. 

The technetium and mass leach rates in Volvic water were lower during 
the first few days. This may be explained by the initial silicon concen­
tration in solution which is about 23 ppm in Volvic water. After 28 days 
the mass leach rates were identical and no significant difference in 
technetium behavior attributable to the nature of the water was observed. 
REFERENCES 
|1| FILLET, S., "Mécanismes de corrosion et comportement des actini des 

dans le verre nucléaire R7T7" (Corrosion Mechanisms and Actinide 
Behavior in R7T7 Nuclear Glass). PhD Thesis: Montpellier, France 
(1987). 

|2| VERNAZ, E, DUSS0SS0Y, J.L., FILLET, S., "Temperature Dependence of 
R7T7 Nuclear Waste Glass Alteration Mechanisms". MRS, Boston: 1987 
(Accepted for Scientific Basis for Nuclear Waste Management - XII). 
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Table I - Final Rate after 1 Year at 90°C versus SA/V Ratio 

SA/V (nr 

50 
350 

400 
2000 
8000 

-1) g*m"2d"l 

0.0090 ) f m 
0.0030 ) r e T U l 

0.0012 ) 
0.0004 ) this study 
0.0006 ) 

Table II - Technetium Leaching at 90°C: Normalized Mass Loss (g-nr^d"*) 

Technetium Mass Loss 
Duration 
(days) Distilled Water Vol vic Distilled Water Vol vi c 

3 
7 
14 
28 
56 
91 

0.21 
0.43 
0.16 
0.09 
0.05 
0.04 

_ 
0.22 
-
0.14 
-
0.05 

0.13 
0.20 
0.10 
0.05 
0.03 
0.024 

0.07 
-
0.05 
-
0.02 

— 212 — 



'kC(Sl)ppm 
200 

100 

50 

Y 80cm"1 
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4cm'1 

104 (SA/V.t) d. cm .1 

FIGURE 1 : SILICON CONCENTRATION VERSUS (SA/V.t) FOR DIFFERENT SA/V RATIOS 
(2nd TEST SERIES) 

FIGURE 2 : NORMALIZED MASS LOSS FOR BORON AND SILICON AT 50°C, 150°C, AND 
250°C 
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TESTING THE ALTERATION OF WASTE GLASSES UNDER GEOLOGICAL STORAGE 
CONDITIONS 

Contractor; CEA, CEN-Valrho, SDHA, F 
Contract No: FI1W-0096 
Duration of Contract; September 1986 - August 1988 
Project Leader: N. Jacquet-Franci 11 on 

A. OBJECTIVES AND SCOPE 
A large number of parameters must be taken into account to predict 

glass alteration behavior in a geological repository: flow rate, tem­
perature, pressure, pH, Eh, CO2 content, radiolysis, water composition, 
nature of the surrounding rock, backfill material, possible corrosion 
products, etc. Laboratory parameter studies have been conducted for many 
years and are indispensable to an understanding of the glass alteration 
mechanisms and the effects of each parameter. However, none of the para­
meters is independent of the others and although investigating them sepa­
rately is not sufficient, a systematic study of all possible combinations 
would be prohibitive. Under these circumstances parameter experiments 
must be completed by integral tests which simulate all of the parameters 
of a granitic repository as realistically as possible. 

The objective of this program is to conduct a series of integral 
leaching experiments meeting this criterion. The program is expected to 
provide information in the following areas: 
• equilibrium concentrations which tend to occur when all of the environ­
mental materials are present; 

• glass alteration rate under steady-state conditions; 
• effect of smectite (considered for storage in France) on glass altera­
tion: previous experiments showed the determining effect of the nature 
of the clay used as a backfill material; 

• identification of newly formed compounds under integral test conditions; 
• actinide behavior in a complex geological medium: leaching rate and 
physicochemical form. 

B. WORK PROGRAM 
Bl Two non-radioactive experiments with simulated SON 68 glass using 

monolithic and fractured blocks to simulate an industrial glass block. 

B2 Four experiments with alpha-doped glasses: the glass samples will be 
spiked with urani urn-thorium, neptunium, plutonium and americium, res­
pectively. 

B3 Four mini-experiments with moist clay on nonradioactive glass and on 
plutoni urn-doped glass. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of Advancement 

SON 68 18 17 L1C2A2Z1 glass was leached for 18 months under integral 
conditions simulating a granitic repository with an engineered barrier of 
sand and smectite backfill. Initial results include the following: 
- Contrary to what was observed in pure water, glass corrosion progressed 
for 16 months although the total silicon concentration quickly reached 
a steady-state value. The corrosion rate diminished considerably after 
16 months. 

- Extensive facturation of the glass block (xl2) led only to a slight 
(xl.4) increase in the quantity of corroded glass. 

- The actinide concentration in solution appeared to diminish in time, 
probably because of a very low release rate together with strong fixa­
tion on the environmental materials. 

- The apparent leach rates were lower than for mobile elements in the 
glass matrix by two orders of magnitude for Np, three orders of magni­
tude for Pu and five orders of magnitude for Am. 

- The glass was significantly altered in moist clay (about 15 times more 
than in pure water after 28 days at 90°C) and the plutonium retention 
factor in the layer was much lower. 
The current status of the work program is as follows: 

- Bl: Two thirds of the experiments are nearing completion; the results 
remain to be examined. 

- B2: All the experiments are nearing completion. 
- B3: All the experiments have now begun. 
Progress and Results 
1. Inactive Experiments (Bl) 

Three inactive experiments have been undertaken: one on a monolithic 
glass block (TAV 7 - 2 years) and two others with fractured blocks (TAV 9 
- 3 years, and TAV 1 1 - 8 months). The fracturation ratio was estimated 
at 12:1 based on granulometrie screening of a fractured glass block, and 
Soxhlet leaching tests are now in progress with other samples to confirm 
this value. 

Results: Results covering the first 18 months are now available for 
TAV 7 and TAV 9. Most of the concentrations reached virtually steady-
state values after 4 months of leaching (Figure 1). The ratio of the 
boron and molybdenum concentrations between the fractured and unfractured 
tests was constant at about 1.4:1. When the potential leaching surface 
area was increased by a factor of 12 after fracturing, the altered glass 
quantity increased in far lower proportions. Two explanations may be 
advanced for this phenomenon: the corrosion rate may be controlled by a 
solubility limit, or the cracks may quickly be obstructed by the develop­
ment of the altered layers. Morphological analyses are planned in this 
area. 

2. Alpha-Doped Glass (B2) 

Four tests were carried out:- TAV 12 (an inactive control specimen), 
TAV 13 (237Np-doped glass), TAV 14 (239Pu) and TAV 15 (241Am). All four 
experiments will be terminated at the end of January 1988 after eighteen 
months of leaching time. 
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Results; The pH was constant throughout the test: alpha radiolysis 
related to the high specific activity of the americium-doped glass did 
not have a significantly long term effect on the pH. 

The activity values measured on the filter and filtrate are indicated 
in Table I. The specific activity was relatively constant for TAV 13 
(237Np) and TAV 14 (239Pu). In test TAV 15 (241Am) the activity was very 
low except for the first two days: this may have been due to slight con­
tamination, or ameri ci urn may be fixed more quickly by the environmental 
materials than it is leached from the glass. 

The apparent actinide leach rate in a simulated granitic repository 
environment was the same as in double distilled water: 

L(241Am) < L(239pu) < L(237Np). 
3. Moist Clay (B3) 

The same experimental ' device was used as for contract No 30 (90°C at 
10 MPa). All the planned tests have now begun. Seven durations were 
selected for the inactive tests: 14 & 28 days, 2, 3, 4. 5 and 6 months. 
Three radioactive tests have also been initiated with 239-doped glass. 
Preliminary tests conducted with different smectite/water ratios showed 
that the thickness of the alteration layer was virtually the same after 
28 days. 

Results 
- Inactive Tests: Results are available for 14, 28 and 60 days. The 
mass loss values indicate a practically constant daily leach rate 
(1.0 x 10"4 g'cm"2d_1). The altered layer was 10 to 20 microns thick 
after one month on polished cross sections observed under a scanning 
electron microscope, and similar in appearance to the layer formed after 
28 days of Soxhlet leaching at 100°C. 
- Radioactive Tests: After 28 days the doped glass was significantly 
altered and little plutonium retention was observed in the surface layer. 
The mass loss NL(m) was 28 x 10"4 g«cm"2 and the Pu retention factor 
FR = NL(m)/NL(pu) was 5.4. The clay had to be rinsed several times to 
recover the activity trapped by the moist smectite (Table 2) which seems 
to have a high Pu retention capacity. 
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Table I - Radioactive Test: 
Filter and Filtrate Activity (in Becquerels) 

Referenced to 1 cm3 of Solution 
(C = conditioning pot; L = leaching pot) 

Durée 
en 

mois 

0 

2 

4 

6 

8 

10 

12 

14 

Filtrat 

Filtre 

Filtrat 

Filtre 

Filtrat 

Filtre 

Filtrat 

Filtre 

Filtrat 

filtre 

Filtrat 

Filtre 

Filtrat 

Filtre 

Filtrat 

Filtre 

237 Np 

C 

0,09 

«0,01 

2,15 

«0,01 

$0,013 

$0,01 

«0,01 

0,03 

$0,01 

$0,01 

«0,01 

$0,10 

«0,01 

$0,10 

$0,01 

$0,01 

L 

0,11 

1,22 

0,96 

0,56 

1,22 

0,96 

0,89 

0,22 

$0,07 

5,55 

0,67 

2,41 

0,56 

0,17 

239 Pu 

C 

0,03 

0,05 

$0,02 

<0,01 

«0,02 

0,06 

0,78 

1,85 

$0,01 

$0,01 

$0,01 

$0,10 

«0,10 

«! 

«0,01 

0,05 

L 

0,89 

52 

1,3 
23 

3,4 
30 

2,8 
37 

1,8 
55 

2,0 
81 

1,4 
4,1 

. 241 ta 
1 

C 

$0,01 

0,74 

0,70 

18,5 

1,26 

0,89 

0,74 

0,70 

$0,01 

<0,01 

$0,01 

«0,40 

«0,07 

$0,40 

$0,01 

$0,01 

L 

0,56 

27 

0,85 

16 

2,2 
1,3 

1,2 
0,96 

0,85 

8,5 

1,4 
7,8 

1,0 
0,4 

Table II - Moist Clay Experiments: 
Activity Recovered during Successive Rinses 

1st sample rinse (water only) 
2nd sample rinse (water + brush) 
Leaching pot rinse 
1st clay rinse 
2nd clay rinse 
3rd clay rinse 

Total recovered activity: 

96.2 Bq 
174 103 Bq 
1.7 x 103 Bq 

91.8 x 103 Bq 
56.6 x 103 Bq 
57.3 x 103 Bq 

381 x 103 Bq 
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Figure 1 - Inactive Tests 
Evolution of Si, B and Mo Concentrations in the Leaching Pot 
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Radionuclide Release from Solidified High Level Waste 

Contractor : UKAEA. Chemistry Division, Harwell Laboratory, UK. 
Contract No; FI.1W.0097.UK(H) 
Duration of Contract; July 1986 - December 1989 
Project Leader; J.A.C. Marples 

A. Objectives and Scope 
The aim of the research is to ensure that vitrified waste forms in 

general and the UK's reference glass MW in particular are suitable for 
eventual disposal in either hard-rock or clay. 

Studies are in progress of the leaching behaviour of these glasses 
and the release of radioisotopes from them. In particular, measurements 
have been made of the concentrations, under a range of conditions that 
could occur after disposal, of the radiologically important elements Tc, 
Np, Pu and Am. It is assumed that the release of these elements from the 
repository must be less than this concentration multiplied by the water 
flow-rate through the repository. 

Studies are also in progress of the glasses radiation stability to 
ensure that this will not cause problems. 

B. Work Programme 
B'l- Leaching behaviour of reference materials and solubility of selected 

radioisotopes. 
B.2. Effect of radiation and radiolysis. 
B.3. Effect of product quality on the release rate. 
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C. Progress of work and results obtained 
Summary 
Using doped glasses, the concentrations of Tc, Np, Fu and Am have been 
measured, over a period of a year, in equilibrium with the various poss­
ible components of a future repository for vitrified high-level waste. 
In most of the experiments, the conditions were made to be reducing as 
they are expected to be so after disposal. These equilibrium concentra­
tions have been found to be comparable to, but usually somewhat greater 
than the 'limiting concentrations* which, in drinking water, would lead 
to an annual dose of lmSv. Initial concentration measurements from a 
similar experiment using fully-active waste, were somewhat higher than 
those from the doped glasses for Np and considerably so for Am and Fu. 

The density of Pu-238 doped MW glass is decreasing on an exponen­
tially saturating curve in a similar way to that shown by other similar 
glasses. The predicted linear expansion at saturation is 0.14%. The 
leach rate of the glass decreases slightly with radiation dose. 

The general progress of the work is as follows: 
. B.l. and B.2. are progressing normally. 
. B.3. The technical necessity for this section is being considered. The 
product quality was found not to affect the leach rate and so is unlikely 
to affect the equilibrium concentrations that will determine the release 
rate. 

Progress and results 
1. Leaching behaviour of reference materials and solubility of selected 

isotopes 
One possible scenario for the disposal of the vitrified waste is as 

follows: the steel canisters in which the glass is cast will be surroun­
ded by an overpack of thick cast iron or thin Ti alloy. The overpacked 
cylinders will be emplaced in galleries or boreholes deep undeground and 
held in place with a backfill either of clay or of a Portland-cement con­
crete. This backfill will restrict the access of water and, particularly 
in the cement-based case, will condition the water to a high pH. The 
overpack will will be expected to protect the vitrified waste for several 
hundred years until the activity of the main fission products (Cs-137 and 
Sr-90) has decayed away. In the period between a few hundred and many 
thousands of years, potentially the most hazardous radioactive elements 
in the vitrified high-level waste are Am, Pu, Np and Tc. 

The release of one of these elements from the repository cannot be 
greater than the product of the water flow through it, multiplied by the 
'equilibrium concentration' of that element. This equilibrium concentra­
tion is the concentration of the element in the presence of all the com­
ponents of the repository and will result from a combination of the solu­
bility and sorption, of that element. 

Samples of glass were made up containing a full inactive simulate of 
the high-level waste. These were doped with isotopes of the four radio-
elements and after crushing (to speed up the approach to equilibrium) 
were mixed with possible components of the repository and with water and 
loaded into capsules. The loading was carried out in an argon - 5% hydro­
gen filled glove-box to enable the reducing conditions, that will occur 
in a repository, to be established. The capsules were held in an oven 
at, normally 60°C, for periods of up to a year before they were opened 
and the water overlying the solids sampled and analysed. 

The results for each element are compared below with the 'limiting 
concentration' (LC). This is the concentration of the element which in 
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drinking water would lead to an annual radiation dose of lmSv to someone 
drinking 2 litres per day. For the four radioactive elements these are: 

Tc-99: 6.5x10"» molar 
Np-237: 2.0x10-1» m o i a r 
Pu-239(80%) + Pu-240(20%): 1.7x10"»» molar 
Am-241: 4.6xl0_1* molar. 
For Tc, the observed concentrations in the repository simulation 

tests were below the limiting concentrations when conditions were reduc­
ing and when iron filings were used to represent the overpack. Under 
oxidising conditions or with a titanium overpack the equilibrium concen­
tration ranged up to about 150 times the limiting value. The presence of 
iron appeared to be important, suggesting the possible formation of a 
Tc-Fe compound or complex. 

For neptunium, the observed concentrations were slightly higher than 
the limiting value when a cementitious backfill was used. With a clay or 
bentonite backfill, the concentrations were up' to a few hundred times 
higher. 

For plutonium, the concentrations were below the limiting value for 
both cement and bentonite backfills. The only occasion when a signifi­
cantly higher value occurred (lOxLC) was when a clay backfill was used, 
which gave a pH of only 5.5. 

The concentrations found for americium were about 40 to 80 times the 
limiting value with, again, the clay backfill and, to a lesser extent, 
the bentonite backfill giving higher results (up to 4000xLC). 

The initial results of a similar test using fully-active glass with 
a cementitious backfill have given rather higher concentrations for the 
three actinides: Neptunium: 15xLC, plutonium: lOxLC and americium: 
180xLC. 

In addition to the equilibrium concentration measurements, a coupon 
of glass was also included in some of the capsules so that the mass-loss 
leach rates could be measured. After 12 months, the value with a bento­
nite backfill was 3x10"6g.m-2.sec-1, a little more than would be observed 
in an MCC-1 test. With most cementitious backfills, the results were lOx 
lower than this whilst with a cement-fuel ash backfill the leach rate was 
at least 400x lower, ie less than 10-8g.m-2.sec-1. 

The density of the UK reference glass MW, doped with 2.5.% Pu-238, 
has continued to decrease with radiation dose, giving a predicted linear 
expansion at saturation of 0.14%. The leach-rate has actually also 
decreased slightly wth radiation dose but only by about the amount of the 
expected precision of the results. 
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LONGTERM BEHAVIOUR OF TRU-WASTE BEARING CERAMICS 
Contractor : Kernforschungszentrum Karlsruhe GmbH / FRG 

Institut für Nukleare Entsorgungstechnik (INE) 
Contract N° : FI1W/0098-D (B) 

January 1987 - December 1987 
A. Loida 

Working Period. 
Project Leader 

A. OBJECTIVES AND SCOPE 
Alumosilicate-based. ceramics are suitable matrix materials for the 

immobilization of TRU-waste. The feasibility of this conditioning method 
has been demonstrated by synthesizing alumosilicate ceramics, loaded with 
original TRU-waste up to 20 wt.-% on lab-scale. The final products con­
sists of a mixture of mullite (AlsSi2013) and corundum (A1203), as well 
as actinide oxides and fission product alloys and oxides. The leach rates 
for actinides show values between 10 B and 10~s g/cm2d after the ISO-
draft. 

Aim of the current programme is to get information on the long time 
behaviour of such ceramics with respect to radiation and hydrolytic in­
fluences . 

Changes in microstructure and hydrolytic stability as a function of 
long storage time, induced by high a-dosis and thus accelerating mutual 
interactions, will be recorded. 

The goal of this programme is achieved by performing "time-lapse" 
experiments. That means doping the ceramics with a short-living a-emit-
ting radionuclide, so the desired high a-dose is transmitted to the ma­
trix within short times. 

B. WORK PROGRAMME 
B. 1 : Synthesis of samples: 

- ceramics (type KAB 78), loaded with 30 wt.-% 
of dissolver residues 

- ceramics (type KAB 78), loaded with 20 wt.-% 
of Pu(238)02. 

B. 1.1 : Preparation of these samples for ceramographic 
and leaching investigations. 

B.2 : Characterization of these samples as a function 
of time (a-dosis). 

B.3 : Leaching of these samples at elevated temperature 
in Q-brine. 

B.4 : Characterization of these samples after the leaching 
experiments and after reaching the a-dosis required. 

C. PROGRESS OF WORK AND RESULTS OBTAINED 
1. Synthesis and Preparation of Samples (B.1. B.1.1) 

Due to its availability, Plutonium(-238)02 with an amount of 20 
ut.-\ has been incorporated into the ceramic matrix, which consisted of a 
mixture of 66 wt.-% reactive corundum, 17 wt.-* kaolinite, and 17 wt.-% 
bentonite. Another series of specimens for comparing investigations con­
sisting of the same type of matrix, loaded with 30 wt.-% of dissolver re­
sidues from the reprocessing of fast breeder reactor fuel has been pre­
pared simultaneously. In both cases, the firing temperature was 1300°C. 
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Density, open porosity and a-activity have been determined as follows: 

ceramic KAB 78 

Loaded with 20 wt.-% 30 wt.-\ 
Pu(-238)02 dissolver residues 

density 3.63 g/cm3 3.43 g/cm3 
open porosity < 2 vol% < 2 vol% 
specific 1.0 E11 Bq/g 1.33 E9 Bq/g 
a-activity (2.733 Ci/g) (0.036 Ci/g) 

2. Sample Characterization (B.2) 
The ceramographic sample characterization has been performed by 

means of X-ray-diffractometry, optical and electron microscopy. The 
crystalline phase compositions has been determined as 

- corundum (A1203), mullite (Al6Si2013) and Pu02, considering the 
ceramic KAB 78 containing 20 wt.-% Pu(238)02, 

- corundum (Al203), traces of mullite (Al8Si2013), (U,Pu)02, e-phase 
and Ru02 with respect to the KAB 78 ceramics containing 30 wt.-% 
of original dissolver residues. 

During the first year the internal absorbed o-dose of the Pu(238) 
ceramics reached 2.80 E 11 rads. At the beginning, in the middle and at 
the end of the year the data of the X-ray-peaks of the Pu(238) ceramics 
were reanalyzed with respect to the a-values, peak aereas, intensity fac­
tors and half-width-values. In function of time no significant changes of 
these data could be found so far. 

By means of electron microscopy well selected regions of the "time-
lapse" sample have been recorded with emphasis on the registration of 
their pores' and cracks' dimensions and their elemental distributions in 
function of the increasing internally absorbed a-dose. 
3. Leaching Tests (B.3 

A series of leaching tests after the ISO-draft have been performed, 
using the KAB 78 Pu(238) ceramics. The average leachrate for plutonium 
was found to be about 1 E-7 g/cm2d after a total leaching time of 160 
days, using Q-brine and distilled water as leaching solutions. 

Leaching and corrosion experiments with these samples at 200°C, 
using autoclave technique have already been started. The first run having 
had a duration of six weeks has just come to an end. 
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CTARACTERIZATION OF HLW GLASS SAMPLES 

C o n t r a c t o r : HMI, B e r l i n , FRG 
Contract Ñ°: FIlW-0099-D(B) 
Working Period: October 1986 - December 1989 
Project Leader: G. Malow 

A. OBJECTIVES AND SCOPE 
In the frame of the two preceding European joint programs on "Testing 

and Evaluation of the Properties of Various Potential Materials for Immo­
bilizing Highly Radioactive Waste" starting in 1975 a lot of data on the 
characterization of simulated solidified high level waste forms has been 
acquired. Thermal, mechanical and radiation stability and the chemical 
stability under the attack by various aqueous^media were tested. The ex­
periments have been performed under waste repository relevant conditions 
and under simplified laboratory conditions selected to investigate the 
corrosion mechanism. In the present research program the fully radioactive 
Cogema glass R7T7 proposed as a reference glass will be investigated in 
the hot cell facility. The results will be compared with those obtained 
for non-radioactive glass samples in order to find out whether there are 
significant differences due to radiation and to the different way of glass 
manufacture. Due to a delay in the melting of the highly radioactive 
glass, the experiments cannot be started. Therefore, a short term post-in­
vestigation of the highly radioactive glass from the PAMELA plant has been 
proposed..The aim being a check-up of the active LEW3 glass SM513LW11. 

B. WORK PROGRAMME 
B.l. HAW glass R7T7 or SON68.18.17.L1C2A2Z1 will be produced in Valrho, 

France, and delivered with nominal composition and production condi­
tions . 

B.2. Quality control outside the hot cells. 
B.2.1. Chemical composition of the bulk glass by EPMA measurements and 

comparison with nominal composition. 
B.2.2. Homogeneity of glass and unsoluble phases in the glass melt by EPMA 

and SEM. 
B.3. Crystallization and devitrification at the temperature of maximum 

crystallization velocity. 
B.4. Preparation of imbedded, polished samples for B.2.1., B.2.2. and B.3. 
B.5. Leaching and corrosion behaviour under static conditions at higher 

temperature. 
B.6. Leaching experiments 
B.6.1. Experiments in autoclaves between HCP and 190°C in saturated salt 

brines. 
B.6.2. Preparation of samples: chips and possibly powder. 
B.6.3. Short and long term leaching experiments, i.e. between <30 d and 

nOOO d. 
B.7. Analysis of the leachates by ICP optical spectroscopy. 
B.8. Investigation of HAW glass. 
B.8.1. Mass loss measurements of leached glass samples. 
B.8.2. SEM and EPMA investigation of the surface layers and identification 

of crystalline phases. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
1. OOGEMA glass SON68.18.17.L1C2A2Z1 

Due to a delay in the melting of the highly radioactive glass in Val-
rho, France, the start of the investigation of the active glass R7T7 has 
been scheduled for 1988. Therefore results cannot be reported at this 
time. 

The research programme has been started with the installation and 
testing the new equipment of the hot cell facility to perform the experi­
ments listed in the work programme. 

The quality control of the glass will be performed using scanning 
electron microscopy for the homogeneity of the glass and unsoluble phases 
in the glass melt. Electron micrqprdbe will be used for measuring the 
chemical composition of the glass and the crystal phases formed during the 
annealing of the glass at the temperature of maximum crystallization ve­
locity. 

The corrosion of the glass will be measured at 150 and 190°C under 
static conditions in saturated NaCl-CaSOt* and KCl-MgCl2-Na2SOit solutipns 
and with container material present. The leachates will be analysed by ICP 
for the elements Sr, Zr, Mo, Ba, La, Ce, Nd, Cr, Fe, Mn, Ni and the glass 
formers Si and B. The surface will be investigated by SEM and EPMA and en­
richments and depletions of elements in the surface layer will be meas­
ured. The question of long-terra extrapolation of corrosion rates will be 
addressed by discussing the leaching mechanism. 

2. PAMELA glass SM513LW11 

- Specification 
Samples of the high active PAMELA glass SM513LW11 have been shipped 

to HMI. Annealing experiments and sample preparation for microscopy have 
been started. Some properties of the inactive glass described /l/ should 
be used for the comparison of the results of the active and inactive 
glasses. The thermal stability, i.e. crystallization tendency was deter­
mined by a TTT diagram (time-temperature-transformation) /l/. The observed 
crystal phases were titanite, pyroxenes, amphiboles and SÌO2 polymorph. 

Some corrosion tests like MCC-1P ¡2/ and EC Static High Temperature 
Leach Test /3/ were performed. A comparison of the results with those of 
other common nuclear waste glasses showed that all corrosion rate are in 
the same area. The waste oxide content of the highly active glass is about 
11 weight % and the specific activity: a: 2.1 E 07 Bq/g, ß: 3.7 E 09 Bq/g, 
Cs-137: 2.7 E 07 Bq/g and Am-241 1.2 E 07 Bq/g. 

- Crystallization 
The crystallization behavior of the high active glass was investi­

gated at 620, 780 and 820°C for 3, 30 and 100 days. The highest crystalli­
zation yield was found after 100 days at 620° C. Figure 1 is a secondary 
electron micrograph with two various crystalline phases. The small bright 
crystals are probably titanite as found in the inactive glass /l/. Figure 
2a shows the column diagram from the SEM-EDS analysis of annealed glass 
samples for various temperatures and times. Figure 2b shows the column 
diagrams of the large dark crystals after 3, 30 and 100 days at 620, 720 
and 820°C. The composition and the appearence of the crystals suggest 
amphiboles and pyroxenes when compared with the results from the inactive 
glass /l/. Summarizing it may be concluded that the crystallization of the 
highly active glass is much the same than that of the inactive simulated 
glass. 
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Laboratory and in­situ interaction between simulated waste forms and 
clay 

Contractor: S.C.K./C.E.N., Mol, Belgium 
Contract N"; FI1W/0100 
Duration of Contract; August 1986 ­ December 1987 
Project Leader; P.Ph. Van Iseghem 

A. Objectives and Scope 
The present programme is a continuation of the research carried out 

in the framework of the second CEC R&D programme (81­84; covered by 
contracts no. 302­83­15 WASB and 324­83­55 WASB). A large amount of 
important indications on the corrosion behaviour of various candidate HLW 
and TRUW reference waste forms in static conditions, including e.g. the 
influence of SA/V (surface area to volume), temperature and clay, and on 
the leaching behaviour of Pu from the TRUW waste form was obtained. In 
situ experiments in a surface clay quarry were performed. The preparations 
for the y irradiation tests and the in situ experiments in the underground 
laboratory in clay were nearly finished. 

The programme aims to elucidate the corrosion mechanisms of some 
reference HLW and TRUW glasses in clay media. This must enable one to 
propose a source term for the radionuclide release into the near field, 
and to model the long term interaction between glass and clay. The study 
includes both laboratory (inactive and tracered glasses; without and with 
external y radiation) and in situ experiments. Four reference high­level 
waste (the AVH SON68, the Pamela SM513 and 527, and the Italian BEL­15) 
and alpha waste (WG124) glasses are being studied. 

One part of the programme is carried out by ENEA Casaccia (Item B.4). 

B. Work Programme . 
B.l. Corrosion experiments on waste glasses SON68, SM513, SM527 and WG124 

in various clay media (without, with different amounts of clay), with 
attention to the leaching of the matrix components Si, B, Na, Fe, 
...» and of the radionuclides Pu, Cs, Sr, Tc, Np, Am. Most 
experiments are performed at 90°C for periods until two years, in 
carefully controlled redox conditions. 

B.2. Corrosion experiments on waste glasses S0N68, ŞM513 and. SM527 in clay 
media, in an external Y radiation field of 10 rad h , without and 
with the simultaneous presence of container material (maximum test 
duration 1000 h). 

B.3. In­situ experiments on various candidate HLW and TRUW reference 
glasses in direct contact with clay (first samples will be retrieved 
in 1988), or in the clay derived atmosphere (2 and 6 months results 
will become available in 1987). 

B.4. Laboratory interaction tests on the Italian BEL­15 reference glass 
with clay media, to determine its quality as compared with other 
candidate glasses, and to simulate the in­situ experiments. 

— 229 — 



C. Progress of Work and obtained Results 
State of Advancement 

Most of the inactive corrosion experiments are underway for about 
8 months. The tests in clay derived liquids will start beginning of 1988. 
The corrosion tests on Pu-Cs-Sr tracered glasses SON68, SM513 and SM527 
are underway since, more than one year; solubility tests and corrosion 
experiments under oxidizing conditions will start beginning 1988; the 
preparation and corrosion testing of Tc-Np-Am tracered glasses will be 
initiated during the second half of 1988, in combination with the 
additional experiments foreseen in 'the 1988-1989 contract (contract 
no FI1W/0179). 

A first series of y~irradiation experiments has been finished, with a 
maximum irradiation dose of about 0.63 x 10 rad. Two new irradiation 
tests were performed, in conditions of increased clay concentration (500 
instead of 100 g per 1 water), and with synthetic interstitial claywater 
as liquid phase. The presence of canister material in the corrosion 
experiments will be included in the 1988-1989 tests. 

The in-situ tests in contact with clay were further operated; the 
first retrieval is foreseen for September 1988 (two years). The tests in 
the clay derived atmosphere were started beginning 1987. Serious problems 
were encountered due to an unexpectedly large water intrusion; new sample 
loadings will be installed during 1988. Laboratory simulation tests of the 
in-situ interaction with clay were continued (90 and 170°C, without and 
with pressure). 

The corrosion of the Italian BEL-15 reference glass in distilled 
water and Italian or Belgian synthetic claywater has been studied (91 days 
maximum duration). The tests in clay loaded solutions are in preparation. 
The corrosion of the glass in repository simulating conditions is underway 
since about 4 months (termination foreseen in summer 1988). 

Progress and Results 
1. Corrosion mechanisms in clay media 

All experiments were carried out in clay-water mixtures, in which the 
water is the synthetic interstitial claywater ("SIC"), and whose redox 
condition is similar to the one in the clay host (E < - 200 mV). 
1.1. Inactive experiments (glasses SON68, SM513, SM527, WG124) ^ 

The corrosion experiments in two clay/SIC mixtures (10 and 500 gl ) 
are underway since about 8 months; they are interpreted in terms of mass 
losses, pH-E, , and chemical analysis of the leachates (after high speed 
centrifugation, 15 x 10 rpm, to separate clay from the solution). Surface 
analysis by electron microprobe on the samples corroded for 80 days is in 
progress. 
* The mass loss data indicate mass losses up to more than 15 times larger 
in the concentrated clay solution. This is due to accumulation of 
certain leached glass components (B, Mo, Li, Ca) in the liquid part of 
the leachate. It is also supposed that sorption of other leached glass 
components (Si, Al, Ti, ...) on the clay will contribute to larger 
leaching in the concentrated clay solutions. 

* The concentrations of Si, Al, Fe, Ti in the liquid fraction of the 
leachate are almost constant, or even decrease (Al) with time, 
irrespective of the clay concentration. Even so, the concentration of Si 
is larger in the diluted clay solutions. 

The corrosion experiments evaluating the role of the surface layer w.r.t. 
corrosion were started during the first half of 1987. The six months 
samples were retrieved, weighed, and layers were removed (in some cases; 
after removal the samples are being further corroded). Evaluation will be 
carried out after a minimum of 9 months (overall corrosion duration). The 

— 230 — 



tests at 190°C will be performed again, with a more suitable time 
schedule. Corrosion durations of 6 months were found to be too long in 
some cases, indeed. 
1.2. Radioactive (tracer) experiments (glasses SON68, SM513, SM527) 

Experiments on these glasses, tracered with Pu-239, Cs-134 and Sr-90, 
in the 500 gl clay/SIC mixture (CCSICM) are underway for more than one 
year. Data until 8 months (for SON68 and SM513) show that Pu and Sr stop 
leaching from the glasses beyond a few months, although the glasses (and 
also Cs) continue to be corroded. The mobile Pu fraction (i.e.qwith size 
smaller than 10 MWU) reaches a maximum value of about 2 x 10 mol L , 
and. jdecreasas with continued test duration (e.g. after 240 days: about 
10 mol L ). The largest fraction of the radionuclides leached is 
sorbed on the clay; the distribution coefficient, K , is not constant with 
time. 

Surface layers of about 15 (S0N68) or 25 um (SM513) have formed 
within the first month of corrosion, constitued mainly by Si, Al, Ti, Zr 
and rare earths (such as Nd). 
2. Influence of an external y radiation field 

Á first irradiation campaign has been finished, by performing a fifth 
irradiation test in conditions identical to the previous ones (see summary 
report for 1986), but increasing the _ irradiation time until 1000 h 
(yielding a total dose of about 0.63 x 10 rad). The systems irradiated at 
90°C consisted of clay/water mixtures, without or with a glass sample 
present (SM513, S0N68, or SAN60). Radiolytic gases formed are mainly H_, 
and to a minor extent C0„. The production of H_ fits roughly literature 
data concerning water (G(H_) s 0.45) and Boom clay (G(H_) s 0.10). Safety 
problems related with the H_ production were considered as well. 

Comparison of the corrosion of the waste glasses in or out of the 
irradiation field has been reconsidered, by conducting "blank" corrosion 
tests.in the same conditions of temperature, medium, redox condition, and 
SA.V . This way it was found that glass corrosion was reduced in the 
presence of the irradiation field by a factor of 2 to 3 (and, that SA.V 
influences corrosion in clay media irrespective of irradiation). 

Interpretation of the corrosion experiments in terms of elemental 
leaching behaviour is in progress. 

A second irradiation campaign has been started, using the same 
irradiation infrastructure and parameters, but changing the solutions. The 
clay to water ratio was increased to more realistic proportions, and 
synthetic interstitial water was used as the liquid fraction. Two 
irradiations are nearly finished, for irradiation periods of 335 and 
1000 h. Again, these tests wilL be interpreted in. terms of radiolytic gas 
production, pH - EL changes, and glass corrosion. 
3. In-situ experiments 

The four tubes for the experiments in direct contact with clay are in 
operation since the first half of 1986; the first retrieval is foreseen 
for mid 1988 (one 90°C tube). During 1987 temperature distribution along 
the tubes was recorded; at the back-end of the tubes relatively large 
deviations from, the target temperatures are measured (e.g. 130°C, relative 
to 170°C). The temperature profiles are constant with time. 

The experiments in contact with clay derived atmosphere are in 
operation since December 1986 (host temperature), or April 1987 (90 and 
170°C). Six different waste glasses and some canister materials (see 
contract FI1W/0033) were loaded. The strongly increased water flux through 
the stainless steel filters into the tubes observed upon heating of the 
tubes, seriously hampered the experiments, in so far that experiments were 
performed rather in claywater during 1987. A suitable pumping system will 
be installed beginning of 1988, whereafter new samples will be introduced 
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to investigate the interaction with clay derived atmosphere. 
Laboratory simulation of the in-situ clay contact tests was 

continued; the tests are performed at 90 and 170°C, at ambient or 
repository (4 MPa) pressure. The data until 180 days duration show that 
corrosion rates decrease with time at 90°C, but are almost constant at 
170°C. Glass corrosion at repository pressure is about twice as large as 
at the ambient pressure. Surface analytical techniques were experienced in 
view of the analysis of in-situ corroded samples; it has been found that 
surface layers between 5 and 25 urn thick may be expected at the interface 
between glass and clay. 
4. Compatibility between the Italian BEL-15 glass and clay 
4.1. Short term interaction with clay media 

The MCC1 (Materials Characterization Center) standard test, matrix D 
(maximum duration 91 days) time schedule, was used to characterize the 
chemical stability in distilled water (DW),. Belgian or Italian synthetic 
interstitial claywater (SIC), or a 500 gl~ Belgian or Italian clay/SIC 
mixture. The data for DW show rapid saturation of the leachate at 90 °C, 
and continued leaching at 40°C, but at decreasing rate. SEM-EDXA analysis 
reveals no layer formation. Å detailed analysis of the SIC corrosion tests 
is in progress; surface analysis, however, shows a considerable layer 
formation, including some Ca or Mg rich compounds (precipitates). 
The tests in clay/SIC mixtures are in preparation. 
4.2. Clay contact test 

Three apparatus have been manufactured to perform clay contact tests, 
i.e. to corrode the BEL-15 glass in a condition representative for the 
in-situ condition. Three test durations were selected: 4, 8 and 12 months; 
temperature is 90°C, and pressure 4.0 MPa. The experiments were started in 
September 1987; a fraction of the glass surface was surrounded by a 
stainless steel canister sheet, to include the influence of this material 
into the test. 

List of publications » 
(1) Laboratory and in-situ interaction between simulated waste glasses 

and clay - Annual Report 1986 (R-2732). 
Presented at the CEC Progress Meeting for task 3, sections 2 + 3 
(Geel, March 1987) 

(2) The laboratory and in-situ interaction between nuclear waste glasses 
and clay. 
Presented at the second IAEA Resarch Coordination Meeting on the 
performance of solidified high-level waste forms and engineered 
barriers under repository conditions (Sydney, April 1987) 

(3) Laboratory and in-situ interaction between simulated waste glasses 
and clay - Semestrial Progress Report January-June 1987. 
Presented at the CEC Progress Meeting for task 3, sections 1-2-3-5 
(Fontenay-aux-Roses, October 1987) 
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3.C. Other engineered barriers 
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Nearfield behaviour of clay barriers and their interaction with concrete 

Contractor : CEA, CEN Fontenay-aux-Roses 
Contract n" : FI1W - 0031 
Working period : May 1986 - December 1986 
Project leader : A. LAJUDIE, R. ATABEK 

A. OBJECTIVES AND SCOPE 

In order to guarantee the safety of underground disposal, coming from 
spent fuel reprocessing, engineered barriers will be implemented as back­
fill materials in galleries and access shafts and as buffer materials bet­
ween the host medium and the waste packages. One of the first requirements 
for engineered barriers is to minimize water and chemical species transfer. 
The materials being considered are essentially swelling clays, in parti­
cular calcium smectite clays coming from french deposits. 

The long term stability of clay materials, as a function of temperatu­
re, water salinity and ionic species in solution, has to be evaluated for 
the different types of host rock (granite, clay and salt). 

The final objective of the programme is to take into account material 
property modification with time in the choice and design of the engineered 
barriers used for both vitrified and T.R.U. waste disposal. 

B. WORK PROGRAMME 

B.l Material choice and experimental condition definition 
B.2 Vitrified waste disposal : definition and characterization of clay 

barriers 
B.3 Vitrified waste disposal : temperature effect on clay material 

properties 
B .4 Vitrified waste disposal : hydrothermal degradation of clay materials 
B.5 T.R.U. waste disposal .: study of concrete durability 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
Summary 
Analyses and preliminary measurements perform on eighteen samples co­

ming from fourteen french clay deposits have led to the choice of two clay 
materials (reference 4a and 13) which may be used as constituent elements 
of engineered barrier. The mineralogy of these two clays is now well defi­
ned for further investigations. A vitrified waste disposal in granite is 
taken as the most constraining scenario as far as engineered barrier is 
concerned. The buffer material properties which are evaluated are directly 
related to the engineered barrier requirements : thermal conductivity, per­
meability, water diffusion coefficient,.... Moreover results are obtained 
on temperature effect on clay material microstructure and properties in 
both cases : without and with water intake. 
B.l is finished 
B.2, B.3, B.4 are progressing normally 
B.5. will start in 1988, as planed in the contract. 

Progress and results 
1. Material choice (B.l.) 

Precise mineralogicai analyses, performed on clay fraction (¿ 2 um), 
give the main component content of the two selected materials, referred to 
as 4a and 13, coming respectively from sparnacian and oligo-miocene depo­
sits. For example, the samples subjected to hydrothermal degradations (§ 
B.4) have the following compositions : 

REFERENCE 4a REFERENCE 13 

Non phyllosilicate minerals 

Phyllosilicate minerals 
92% 

r- quartz : 7% 
¡- calcite : 1% 
.- goethite:traces 

I.K.*Smectite/ 
kaolinite:87% 
(52% / 48%) 

„- kaolinite: 5% 

'- quartz : 10% 
13% 1- calcite : 3% {-

t- I.S. Smectite/ 
illite with 

8 7 2 * 69% of smecti 
te 

k- illite 

* undifferentiated mixed-layers. 

Taking into account the discrepancies due to deposit layer inhomoge-
neity and measurement dispersion, reference 4a which is the first material 
to be selected, is defined as follows : 

- water content : 9% - 11% (dry state : 105°C, 24 hours in an oven) 
- liquidity limit : 95% - 120% 
- cation exchange capacity : 50 - 60 meq/100 g of dry clay 
- mineralogical composition of the clay fraction (i 2 M,m) : 

quartz : 3% - 20% l 

calcite : 1% - 3% 
kaolinite / smectite mixed-layers : 70% - 90% 
kaolinite : 1% - 13% 
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2. Definition and characterization of clay barriers (B.2.) 
In the case of vitrified waste disposal in granite which is the french 

reference scheme, the buffer material being considered is compacted clay 
materials. The properties of the prepared material have to be determined as 
a function of parameters such as dry density ( ft ) and water content (w) of 
the material, pressure, temperature and salinity of water. The main proper­
ties to be measured are thermal conductivity, permeability, water diffusion 
coefficient, swelling pressure and swelling ability. Results, obtained at 
this state of advancement of the contract, concern : 
- thermal conductivity (A in W/m.K) : as is clear from figure 1, thermal 

conductivity increases with material dry density and water content. Use 
of additives such as sand and graphite easily improves the thermal 
conductivity of the engineered barrier. One can keep in mind the follo­
wing values : 

* Reference 4a : 1.85 < ß, ¿2.05 » 
9.5 <: w (%) < 12.5 0 . 9 < A i l . l 

* 4a/sand mixture (50/50) : 1.97< pdmixture ,¿ 2.18 . 
w (%) = 7-8 I-** ^£2.2 

* 4a/sand/graphite mixture : 1.97 <0= mixture < 2.13 . 
(50/45/5) w (%) = 5 1.7éAO.O 

- permeability coefficient (K in m/s) : in the case of clay materials, per­
meability measurements are performed with high hydraulic gradients (5.10^ 
- 104). It appears from figure 2 that the permeability coefficient of the 
engineered barrier and dry density of the clay are correlated through the 
simple relation : K = 5.35. IO-8 exp (- 7.2 f>¿ ) (at 20°C). Permeability 
increases if sand is added and the following values can be used : 

* Reference 4a : fo - 1.95 K = 4.IO-14 

pd = 1.55 K = ÌO-^ 
* 4a/sand mixture (50/50) : fd mixture = 1.89 K = 3.10-13 

* 4a/sand/graphite mixture (50/45/5) : 
pö mixture = 2.0 K Ï 3.10-13 

- water effective diffusion coefficient (De in m^/s) : using tritiated wa-
ter, values of about 10-*-1 m^/s and 10_10 m^/s are found respectively 
for P¿= 1.95 and f¿ = 1.0. It can be noticed that diffusion process leads 
to higher water flow than convection process. 

3. Temperature effect on clay material properties 
As far as granite is chosen without fracture, a dry phase may appear at 

the early stage of the vitrified waste disposal. Under dry conditions, des-
hydration of clay materials continuously occurs with the successive depar­
ture of (a) hygroscopic water (at the grain surface), (b) zeolitic water 
(in the sheet spaces), (c) constitutive water (in the sheet structure). 
Thermogravimetric measurements show that reference 4a looses its constitu­
tive water (which is an irreversible process) at temperature above 190°C. 
Moreover, it is demonstrated that after one year at 250°C, this clay is 
able to hydrate rapidly under water but a lost of 17% swelling ability is 
observed. 

4. Hydrothermal degradation of clay materials 
Water containing ion species and temperature lead to modifications of 

the clay structure. Preliminary results, presented on figure 3 for both re­
ference 13 and 4a samples show that a stay at 200 or 250°C during 36 days 
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in pure water does not modify the clay mineralogy. The main difference bet­
ween the two materials consists in the undifferentiated mixed-layers beha­
viour : the component content of the mixed-layers remains constant with 
temperature in the case of Reference 13 (illite/smectite) while it is chan­
ged in the case of reference 4a (kaolinite/smectite). The formation of low-
charge smectites (SM BC) in the K/S mixed-layers leads to an increase of 
the clay cation exchange capacity and consequently of the clay sorption pro­
perties. 

DRY DENSITY 

Figure 1 : Thermal conductivity aa a function of dry density for reference 4a (20*C) (« : Water content) 
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CORROSION TESTING OF SELECTED CONTAINER MATERIALS FOR DISPOSAL OF HLW 
GLASS 

Contractor: KfK, Karlsruhe, Federal Republic of Germany 
Contract No.: FI1W/0032 
Duration of contract: May 1986 - December 1989 
Project Leaders: E. Smailos, R. Köster 

A. OBJECTIVES AND SCOPE 
In order to qualify corrosion resistant packaging materials for dis­

posal of high-level waste forms in rock-salt formations, the corrosion 
behaviour of a number of materials has been investigated in salt brines 
(postulated accident conditions) under the preceding EC research task. The 
results of these studies have shown that unalloyed steels are a promising 
packaging material. These steels have exhibited so far only general corro­
sion so that their long-term corrosion behaviour can be reasonably calcu­
lated; moreover, it can be expected from their corrosion rates obtained so 
far in salt brines that the container wall-thickness will be acceptable 
under a corrosion allowance concept. 

These are the goals of the project: 
- Definition of the best suited steel (reference steel) for the fabrica­
tion of a long-term resistant HLW packaging and the detailed description 
of the time and temperature behaviour of its corrosion in disposal 
relevant corrosion media with and without gamma radiation. 

- Determination of the corrosion behaviour of Hastelloy C4 subjected to 
high gamma dose rates under the in-situ conditions prevailing in the 
Asse salt mine. These are investigations performed in order to complete 
the results available now. 

B. WORK PROGRAMME 
B.2.1 Selective laboratory-scale corrosion studies on the three pre­

selected steels, namely fine-grained steel, low-carbon steel, cast 
steel, with a view to selecting a reference steel. 

B.2.1.1 Without gamma irradiation in moist rock salt (rock salt/rock salt 
brine and rock salt/Q-brine) at 90 °C and 170 °C. 

B.2.1.2 With gamma irradiation (103 rad/h) at 90 °C in Q-brine. 
B.2.2 More detailed laboratory-scale corrosion studies on reference 

steel subjected to various gamma dose rates (102 to 10 rad/h) in 
all three corrosion media enumerated under items B.2.1.1 and 
B.2.1.2. 

B.2.3 Post-test examination of the steels stored in situ (material spec­
imens, welded tube sections) for corrosion attacks at T = 35 °C 
and 200 °C, rock pressure and high gamma radiation (about 
3 x 104 rad/h). 

B.2.4.1 Laboratory-scale examinations of the influence of the gamma dose 
rate (102, 103 , 10^ rad/h) on corrosion of Hastelloy C4 in Q-brine 
at 90 °C. 

B.2.4.2 Post-test examination of the material specimens and welded 
Hastelloy C4 tube sections stored in Asse for corrosion attacks. 
The testing conditions are similar to those under item B.2.3. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
Summary 
During the period of reporting more in-depth laboratory-scale as well 

as in-situ corrosion studies have been made on selected HLW packaging 
materials (unalloyed steels, Ti99.8-Pd, Hastelloy C4, nodular cast iron, 
Ni-Resist D4, and Si-cast iron). The studies have focused on the unalloyed 
steels because these steels proved to be the most promising packaging ma­
terial in the previous studies. In the laboratory-scale experiments the 
influence has been determined of gamma radiation on the corrosion behav­
iour of three preselected steels (fine-grained steel, low-carbon steel, 
cast steel) and Hastelloy C4 in a salt brine (Q-brine) rich in MgCl. and 
relevant to accident scenarios in a repository. The experiments were 
carried out both at realistic dose rates of 1 Gy/h and 10 Gy/h for the 
thick-walled HLW packaging discussed and at the higher value of 100 Gy/h. 
The test temperature was 90 °C and the maximum test period was 12 months. 

The in-situ experiments involving iron base materials, Ti 99.8-Pd and 
Hastelloy C4 were performed in the Asse salt mine at T = 120 °C - 210 °C, 
both without irradiation and in a gamma radiation field of 3x10* Gy/h 
(Co-60 source), within the framework of the German/US Brine Migration 
Test. Besides, the in-situ corrosion experiments have been continued under 
various conditions with material specimens and welded tubes of selected 
materials. 

PROGRESS AND RESULTS 
B.2.1.1 Corrosion studies on unalloyed steels in moist rock salt (rock 

salt/rock salt brine and rock salt/Q-brine) without gamma irradia­
tion 

Terminated in 1986 (published in the 1986 Annual Report of the Commis­
sion of the European Communities) 

B.2.1.2, 2.2, 2.4.1 Investigations into the Influence of Gamma Radiation 
on the Corrosion Behaviour of Unalloyed Steels and Hastelloy C4 

The investigations into the influence of the gamma dose rate (1 Gy/h, 
10 Gy/h, 100 Gy/h) on the long-term corrosion behaviour of three pre­
selected unalloyed steels and Hastelloy C4 in a salt brine (Q-brine) rich 
in MgCl- at 90 °C have been terminated. Similar investigations have 
started into the rock salt/salt brine two-phase system on fine-grained 
steel which has been selected as the HLW reference packaging material. 

The materials investigated in Q-brine (g/1 at 55 °C: 7.1 Na+; 31.8 K+; 
91.9 Mg2+;297.3 Cl~; 14.4 SO,2") had the following compositions (wt.%): 
- fine-grained steel: 0.17 C; 0.44 Si; 1.49 Mn; BAL Fe, 

0.27 Si; 0.66 Mn; BAL Fe, 
0.61 Si; 1.51 Mn; BAL Fe, 
15.2 Mo; 0.79 Fe; BAL Ni. 

- low-carbon steel: 0.1 C 
- cast steel: 0.16 C 
- Hastelloy C4: 15.4 Cr 

The durations of tests were varied between 50 days and 12 months; the 
ratio of specimen surface to brine volume (S/V ratio) was 100 m~^. All 
materials were examined for general corrosion and pitting corrosion. The 
sensitivity with respect to crevice corrosion and stress corrosion crack­
ing and the influence of welding (TIG welding, electron beam welding) on 
corrosion were investigated in addition for fine-grained steel and 
Hastelloy C4. 
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The results of corrosion of the steels and of Hastelloy C4 have been 
complied in Tables I and II. Besides the results obtained under gamma ir­
radiation the corrosion rates measured in previous investigations without 
irradiation /1/ have been entered for comparison. The essential results 
can be summarized as follows: 

- At gamma dose rates in the range of 1 Gy/h - 100 Gy/h no significant 
influence of gamma radiation on the corrosion of the steels in Q-brine 
at 90 °C has been found. The maximum penetration rates of non-uniform 
corrosion (30 um/a - 50 um/a) are intercomparable and imply acceptable 
corrosion allowances for a thick-walled packaging. After 12 months of 
testing period no pitting and crevice corrosion or stress corrosion 
cracking occurred. For these reasons, the unalloyed steels continue to 
be considered as a promising packaging material. 

- The general corrosion of Hastelloy C4 has been low at all dose rate 
levels (0.1 - 0.4 pm/a) but at 10 Gy/h and 100 Gy/h pitting and crevice 
corrosion of 20 um/a has been found. Consequently, adequate gamma 
shielding will be required if this material will be used as a packaging 
material. 

B.2.3, 2.4.2 In-situ Corrosion Experiments 
The material specimens consisting of iron base alloys, Ti 99.8-Pd and 

Hastelloy C4 stored in the Asse salt mine have been examined for corrosion 
attacks in the framework of the German/US Brine Migration Test. The speci­
mens placed in about 6 m deep heated, cased boreholes had been exposed to 
the following corrosive conditions: 
- temperature: 120 °C - 210 °C, 
- gamma dose rate (Co-60 source): 3x1o2 Gy/h, 
- rock pressure: 28 MPa at the maximum, 
- brine migration, gas constituents from the rock salt, 
- test period: 900 days at the maximum. 

The essential corrosion results obtained in situ can be summarized as 
follows : 
- All materials investigated exhibited high resistance to corrosion under 
the conditions prevailing in the Brine Migration Test. All material 
specimens corroded at much lower rates than determined in the previous 
laboratory-scale tests with brine excess. The reason for the lower 
corrosion attack of the materials stored under in-situ conditions is 
considered to be the very small amounts of migrated brine of about 
140 ml. 

- All materials and above all the materials with passivating oxide layers 
such as Ti 99.8-Pd and Hastelloy C4, which may corrode selectively 
already in the presence of minor amounts of brine, had been resistant 
with respect to any type of local corrosion attack. 

- The gamma radiation of 3x10a Gy/h did not exert an influence on the 
corrosion behaviour of the materials. 

In addition to the investigations above the in-situ corrosion experi­
ments have been continued on electron beam welded tubes made of cast steel 
without and with explosion plated Hastelloy C4 and Ti 99.8-Pd, respective­
ly. The first series was withdrawn after 1.5 years of storage time and is 
presently subjected to post-test examinations for possible corrosion 
attacks. 
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Table I General corrosion rates and maximum penetration rates of non­
uniform corrosion for unalloyed steels after one year immersion 
in Q-brine at 90 °C with and without gamma irradiation 

Material 

Fine-grained 
steel 

Cast 
steel 

Low-carbon 
steel 

Average general 
corrosion 
no -y 1 

Gy/h 

31+3 14+4 

40+3 15+4 

80+2 18+3 

rate (um/a) 
10 

Gy/h 

23+10 

20+5 

23+6 

100 
Gy/h 

37+8 

-

-

Maximum penetration 
rate 
no Y 

40 

50 

90 

(nm/a) 
1 10 

Gy/h Gy/h 

30 40 

30 30 

40 50 

100 
Gy/h 

40 

-

-

- = not investigated 

Table II General corrosion rates and maximum pitting rates of Hastelloy C4 
after one year immersion in Q-brine at 90 °C with and without 
gamma irradiation 

Dose rate 
(Gy/h) 

no y 

1 
10 
100 

Average general 
corrosion rate (um/a) 

0.1 

0.05 
0.4 
0.4 

Maximum pitting 
rate (um/a) 

20 
20 

- = uniform corrosion 
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CORROSION OF CONTAINER AND INFRASTRUCTURE 

MATERIALS UNDER CLAY REPOSITORY CONDITIONS 

Contractor : S.C.K./C.E.N., Mol, Belgium 
Contract No : FI 1W-0033-B 
Duration of contract : May 1986 - December 1989 
Project Leader : W. Debruyn 

A. OBJECTIVES AND SCOPE 
Objective of the programme is to determine corrosion rates of 

selected candidate materials under realistic repository conditions over 
long exposure periods, to determine the in-situ clay agressivity and 
its evolution after introduction of waste containers, to evaluate the 
effect of gamma radiation on corrosion rates in a clay environment and 
finally, based on the combined results of these experiments, to 
estimate long term corrosion damage. This approach will enable to 
qualify materials for use as a barrier between vitrified high level 
waste and clay as a host medium, and between the underground facilities 
and clay. 

B. WORK PROGRAMME 
1. Installation and exploitation of corrosion tubes in the underground 

laboratory. 
1.1. Interaction of metal alloys with solid clay. 
1.2. Corrosion in a humid clay atmosphere. 

2. Instantaneous and integrated corrosion measurements in the 
underground laboratory. 

3. Characterization of the clay environment (solid clay and humid clay 
atmosphere) by means of pH- and Eh-measurements. 

4. Assessment of the influence of an external gamma radiation field on 
corrosion, rate and mechanism. 

5. Electrochemical laboratory experiments in a range of conditions 
resulting from previous actions. 

6. Estimation of long term corrosion damage accumulation. 

C. PROCESS OF WORK AND OBTAINED RESULTS 
State of advancement 
The main effort during the contractual period covered in this 

report is situated in the programme segments of in-situ experiments Bl 
and B3, and in the segments of laboratory experiments B4 and B5. 
All in-situ corrosion, test tubes (Bl) have been installed. The tubes 
designed for testing corrosion of materials in contact with humid clay 
atmosphere are still liable to excessive clay water ingress. 
Electrochemical sensors (pH and Eh) (B3) in the direct contact with 
clay configuration are generating on-line information on the chemical 
characteristics of the clay environment. 

C-steel, Hastelloy C4 and Ti/0.2 Pd-specimens have been irradiated 
(B4) for exposure times up to 1000 hours under a gamma radiation field 
of 103 gray/hour. The test medium was synthetic interstitial clay 
water under different conditions at 90CC. 

Equipment to perform electrochemical corrosion experiments (B5) 
has been purchased and installed. Different experimental techniques 
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have been evaluated and selected. 
Corrosometer probes (B2) will be emplaced In the near future; 

action point B6 has not been started yet. 

Progress and results 
In the underground laboratory at SCK/CEN experimental work has 

been undertaken to maintain the corrosion test tubes and to 
characterize the clay environment. The corrosion test tubes in direct 
contact with clay already reached their target temperatures of 170°C, 
90°C (two tubes) and ambient temperature by the end of 1986. The tubes 
in contact with humid clay atmosphere show, upon heating, a high water 
penetration rate across the porous stainless steel filters. The 
permeability increase of the clay/claywater system as a function of 
temperature (the target temperatures of the experiments are the same as 
in the direct contact with clay configuration), can explain only 
partially the observed flux increase. To be able to proceed the 
corrosion testing as planned, i.e. in contact with a humid clay 
atmosphere, different pumping and purging concepts have been tested. 
The purging equipment selected will be implemented in the underground 
experimental room. 

The clay environment can be characterized in term of pH and Eh in 
the direct contact configuration. The redox measurements obtained at 
ambient temperature show a stable value of -235 mV to -335 mV versus 
SHE after an emplacement period of one month. This quick restoration 
of the reductive nature of the medium, indicates that the clay has a 
high capacity to recover from disturbances sich as drilling operations. 
This finding is in accordance with the pH-evolution reported in 1986. 
Throughout this year data points were collected and stored in the IBM 
host computer; on-line measurement for both pH and Eh is possible at 
this point in time. To obtain reliable electrochemical 
characterisation measurements with the (non-retrievable) electrodes, 
graphical and mathematical calibration methods have been evaluated. As 
a results of this, the graphical method was selected. 

Apart from the in-situ experiments, overground laboratory 
experiments have been performed, which can be classified as 
conventional, electrochemical and gamma irradiation experiments. As to 
the first type of experiments, the conventional corrosion study, post 
corrosion analyses have been performed on U-bends exposed to 
interstitial clay water for stress corrosion cracking studies. Alloys 
evaluated were AISI 316, UHB 904L, Hastelloy C4 and IMI 115. These 
materials have been tested for five years in a corrosion chamber at 
49°C and in flasks at 96°C. Two main conclusions can be drawn : 
1. The AISI-316 material is liable to cracking. Since this material is 

typical for canister construction, this results is an argument for 
the canister/overpack concept. 

2. All materials, except IMI 115, degrade by pitting and crevice 
corrosion to some extent. This means that if localised corrosion is 
to be avoided at any expense, only titanium alloys are left as 
possible corrosion resistant overpack materials. The alternative of 
corrosion allowance material (C-steel) of course remains a valid 
possibility. 

Equipment to perform electrochemical corrosion experiments, has been 
purchased, installed and tested. The heart of this equipment is a 
Princeton Applied Research type 273 potentiostat. Different 
experimental techniques have been evaluated; these are : linear 
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polarisation resistance, Tafel-analysis, anodic polarisation and cyclic 
polarisation. Linear polarisation resistance (eventually combined with 
Tafel analysis) will be used for corrosion rate evolution of C-steel, 
Hastelloy C4 and Ti/0.2 Pd in different argillaceous environments. 
Anodic polarisation is suited for determining the passivation ability 
of these materials and cyclic polarisation is a means to estimate the 
susceptibility for localised corrosion. The strength of these 
electrochemical techniques is that the test environments are not 
confined to ordinary prevailing conditions, such as existing in the 
in-situ test configuration, but it is possible to simulate any other 
situation (gamma-irradiation, acidification,...). To evaluate the 
effect of gamma radiation on corrosion, the RITA facility of the BR2 
reactor has been loaded with samples of C-steel, Hastelloy C4 and 
Ti/0.2 Pd under different conditions in synthetic interstitial 
claywater at 90°C. A radiation field of 103 gray/hour has been applied 
for exposure times up to 1000 hours. 
Chemical characterisation of the claywater revealed no significant 
radiation effect; only a slight acidification of the oxidized water 
could be demonstrated. 
The corrosion rates observed with and without irradiation were 
comparable. Irradiation enhances corrosion of carbon steel in oxic 
claywater; the effect under anoxic conditions remains within the 
experimental scatter. This difference effect might be due to the 
acidification occurring under oxic condition, as mentioned before. 
Radiation does not seem to affect extent or nature of the pitting 
effect. 

— 247 — 



List of publications : 
1. Debruyn W., Dresselaers J., Tas H., NIRAS/ONDRAF, R & D programme on 

radioactive waste disposal, semi-annual report, first semester 1987. 
2. Debruyn W., Dresselaers J., Tas H., NIRAS/ONDRAF, R & D programme on 

radioactive waste disposal, semi-annual report, second semester 
1987. 

3. Tas H., Debruyn W., Dresselaers J., Compatibility of candidate 
overpack materials with deep argillaceous HLW disposal environments, 
IAEA - TECDOC, p 25, 1987. 

— 248 — 



Corrosion of Carbon Steel Overpacks for the Geological Disposal of 
Radioactive Waste 

Contractor: UKAEA, Harwell, UK 
Contract No: FI IW/0034 
Working Period: January 1987 to December 1987 
Project Leader: Dr G P Marsh . 

A. Objectives and Scope 
The main objective of the programme is to complete the assessment of 

the long term corrosion of carbon steel overpacks in granite or clay-like 
formations. It is also intended to complete a mathematical model for 
localised corrosion and to test the validity of this model together with a 
previously developed model for general corrosion, through long term 
immersion tests. 

The programme will yield generic models for general and localised 
corrosion which may be applied to evaluate overpack life, or the metal 
thickness needed to achieve a specific life, in granite or clay disposal 
sites. 

B. Work Programme 
B.1. Completion of long terra tests to validate the mathematical model of 

general corrosion. 
B.2. Continuation and extension of long term tests to evaluate the 

localised corrosion model. 
B.3. Completion of the development of a mathematical model for localised 

corrosion. 
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C. Progress of Work and Obtained Results 
State of Advancement 

Long term tests to measure general and localised corrosion in carbon 
steel, and to evaluate the predictions- of mathematical models which have 
been developed for both forms of corrosion, are continuing. Additional 
tests are in progress using specimens prepared from the reference 0.1% 
carbon steel supplied by the Commission. These include long term 
immersion tests, under granite and bentonite backfills in synthetic 
granitic groundwater, as well as pit growth rate measurements with small 
and large area specimens. The development of an improved mathematical 
model for localised corrosion is continuing. 
B.I., B.2. and B.3. are progressing normally. 

Progress and Results — 
1. Long Term Tests (B.l.) 

Eighteen long term immersion tests to investigate the general 
corrosion of three different carbon steels in both plain and welded form 
have been in progress for about 4M to 5 years. Coupon specimens are 
embedded in granite or bentonite backfill flooded with synthetic granitic 
groundwater and held at temperatures of 25, 50 and 90°C. Rest potentials 
of selected coupons are being measured continuously, and their corrosion 
rates monitored periodically by the polarisation resistance method. These 
tests are scheduled to be dismantled after 5 years' exposure, beginning in 
February 1988 with the ones held at 50°C. The corrosion that has occurred 
will be evaluated by visual examination and weight loss of the individual 
coupons, and by measuring the migration distance of corrosion products 
into the backfill. Changes in the composition and pH of the synthetic 
groundwater also will be analysed. These data will be applied to test the 
validity of the mathematical model for predicting long term general 
corrosion. 

Identical tests are in progress with plain coupons prepared from the 
Commission's reference carbon steel and it is planned to dismantle these 
after 12 and 24 months exposure.. 

2. Pit Growth Measurements (B.2.) 
Pit growth rate measurements made on disc specimens prepared from a 

0.17w/o carbon steel had attained test periods of 10,000 hours by the end 
of the 1980-84 programme. These tests have been extended to longer 
exposure periods to establish a more accurate empirical relationship 
between maximum pit depth and exposure time. One group has now been 
examined after 17,500 hours exposure. The maximum depth observed 
(3.05 mm) is less than would have been predicted (4.2 mm) from the 
empirical equation derived form the data obtained in the earlier 
programme. Another group is being continued to at least 26,000h exposure. 
Similar tests are underway with the Commission's reference steel using 
disc specimens with the same surface area as before (8 cm ) and also with 
larger area (x30) plate specimens to test the validity of the extreme 
value statistical method for extrapolating the results of small specimen 
tests to much larger area containers. Pit growth measurements have been 
made on disc specimens after 1080 and 3017 hours exposure and on plates 
that had been exposed for 2000 hours. 

Extreme value data from these and the earlier tests have been 
analysed using both unlimited and limited cumulative distribution 
functions. Although the unlimited distribution eives the best fit to the 
1080h (disc) and 2000h (plate) data, the 3017h results give a 
significantly better correlation with the limited distribution as do the 
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data from the 17f500h test. These latter observations lend support to the 
expectation that charge and mass transport eventually must impose an upper 
limit to the rate of propagation. 

3. Localised Corrosion Model (B.3.) 
An improved finite element method of modelling cavity propagation has 

been developed to overcome inadequacies of the previous models. These 
were mainly related to factors such as an incomplete description of the 
solution chemistry within a cavity, neglect of the blocking effect of 
solid precipitation products on ionic diffusion and migration and the 
effect of moving boundaries of the system. The new model now includes 
active corrosion on the cavity walls and is in process of being extended 
to determine how the pit shape changes with time. Predicted corrosion 
rates are now assuming more realistic values. 
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Title : Etude des propriétés physico-chimiques des éléments transuraniens 
- nécessaires à la compréhension des processus de retardement de 
la migration en champ proche dans la géosphère. 

Contractor : CEA-IHDI/DRDD/SESD/SCPCS - Fontenay-aux-Roses - FRANCE 
Contrat n« : FI1W-0035 F (CD) 
Working Period : June 1986 - January 1989 Project leader : A. BILLON 

A. Objectives and Scope 

The modelization of the transfer of the transuranian elements through 
the different barriers to the geosphère implies the knowledge of : 
- the exact nature of the species which are able to migrate under the 
influence of the groundwater ; ions, molecules, colloids. 

- the equilibrium relationship between these species and the surrounding 
dominant other species either in a mineral or an organic form. 

From this point of view it is admitted that carbonate (e.g. the 
different species CO-, HCO~, CO ") due to his relatively high abundance 
in the geosphere play a major role in this sense that it forms complexes 
whith almost all the transuranian elements. 

Therefore the present work is devoted toward the identification of the 
different carbonated complexes of the transuranian elements. The 
determination of their stability constant, their comportment in the 
geological medium in the vicinity of the source term and in the man-made 
barriers and finally the elaboration of a model which will describe the 
migration of these radioelements. 

B WORK PROGRAMME 

B1 - Basic chemistry : 
Measurement of solubility and stability constant of the 
transuranian elements with the ligand carbonate. Identification of 
the different species. E. - pH diagramms. 

B2 - Migration ; Experiment of transfer through argileous material. 
Preliminary assays of diffusion cells whith Cs and Sr. Application 
to the migration of americium (III). 

B3 - Modelization. A model wich take in account the chemical properties 
of the elements issued from the source term with be elaborated and 
tested. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of avancement 
In Basic chemistry (B-l) we have achieved an extensive study of the ameri-
cium (III) and plutonium (VI) solubility in carbonate media. This work is a 
part of the Ph.D thesis of one of us [1]. We have precised the nature of 
the existing species in solution in equilibrium with the solid phase as a 
function of the logarithm of the free CO32- ion concentration. 
Measurements of the standard potential of the couple U(VI)/U(V) in non 
complexing media have been extended to carbonate solutions. The redox 
system U02(C03)3^_/U02(C03)3^- has been investigated by polarography 
(mercury droping electrode) and the modeling of the experimental results 
led to a value of E° = - 0.810 + 0.020 V/ENH. Incidentely the formation 
constant for the specie 1102(C03)3^" has been calculated. 
As stated in the previous APS'report the measurements of the potentials 
of the (M022+/M02+) and (M4+/M3+) couples (where M = Np or Pu) have been 
initiated and completed in C104~ medium of varying ionic strength. 
Measurements were made mainly by cycling voltametry. The data have been 
interpreted by using the Brönsted - Guggenheim - Scatchard specific 
ionic interaction theory. The data consist in a set of thermodynamical 
values with the available corresponding correction factors permitting the 
extrapolation of the values at a given ionic strength. 
Transfert experiments (B-2) : 
- the diffusion of tritiated water has been studied on the french clay a-4, 
a potential material to be used as a constituent of an engineered 
barrier. The effective diffusion coefficient of HTO, is in the range 
2.10-3-2.10~1 crn̂ d-* depending of the density of the material. 

- partial experimental results are available with Cs and Sr ; experiments 
are going on. 

- conditions of study of Am(III) have been precised. 
Modelling (B-3). The Condiment code which has been written previously and 
has been tested in the case of the migration of the single specie (without 
interaction with others components of the source-term) extends now to solve 
the case of two ions forming a precipitate. Analytical and numerical 
solutions for a given scenario have been compared and are good agreement. 

Progress and results 
Am(III) solubility. The determination of the Am(III) solubility has been 
conducted in NaC104 3M, at different carbonate concentration adjusted by 
varying either the partial pressure of CO2 or the total carbonate concen­
tration (fig. 1). The nature of the species (soluble and insoluble) have 
been found and quantitative data such as formation constants and redox 
potentials are available [1]. Complexation of Am(III) occurs via the 
ligand 0032". Mixed complexes with HCO3- or OH- seem unlikely in the range 
of the investigated concentrations. Reinterpretation on that basis of the 
experimental values of the literature, when available, is in good agreement 
with our own values. 
Pu(VI) solubility. The solubility measurements of Pu(VI) in carbonate media 
(fig. 2) led to the following values of the formation constants 
(thermodynamical values) 
PUO2CO3 (s) 
PUO2CO30 
Pu02(C03)22-
Pu02(C03)34_ 
More details are to be found in [2]. 

pS 
logûi = 
logß2 = 
logß3 = 

- 14.2 
9.2 
14.8 
17.4 

— 253 
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