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Foreword 

The Council of the Ministers of the European Communities adopted 
through its decision on March 12, 1985 (1) a five year R&D programme on 
"Management and Storage of Padloactive Waste" for the period 1985-1989. 
This R&D programme is being carried out on the competent public 
organisations and private firms within the Member States. At the end 
of 1989 over 256 contracts had been concluded with some 70 bodies 
within the European Community (43 % national bodies and research 
centres, 36 Ζ private industries, 21 7, universities and institutes). 
The Commission's contribution to the cost of the programme amounts to 
62 million ECU (for the five year period). 

In the management of the programme, the Commission is being assisted by 
the Management and coordination advisory committee "Nuclear fission 
energy - Fuel cycle/processing and storage of waste" (see for list of 
members pageVII, Vol. 2). 

The launching of specific coordinated research projects within the 
programme has promoted the co-operation between various teams within 
the Member States. Half of the contracts concluded are dedicated to 
such projects. The exchange of fresh scientific Information on the 
progress and results of the work carried out in the framework of the 
programme is assured at operational level by periodical progress 
meetings of working groups for the various projects. The final results 
of the research contracts are published in the EUR series which 
publication are e.g. listed in the six monthly news letter, EC FOCUS. 
In addition the Commission is publishing annual progress on the overall 
programme. This report, covering the year 1989, is the fourth of this 
type, the previous being published under no EUR 11089 for the year 
1986, no EUR 11482, for the year 1987 and EUR 12141 covering the year 
1988. For each contract the objectives, working programme and a 
summary of progress and results obtained have been given as prepared by 
the contractor, under the responsibility of the project leader. The 
Commission wishes to express its gratitude to all scientists who have 
contributed to this report. The overall results of the five year 
programme will be presented, as usual, to the worldwide scientific 
community at the third European Conference on Radioactive Waste 
Management to be held September 17-21, 1990 in Luxembourg. 

S. ORLOWSF.I 
Head, Nuclear Fuel Cycle Division 

1) O.J. No. L83, March 25, 1985, page 20 
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T A S K N o 1 

SYSTEM STUDIES 





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 

radionuclides 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 comparison) cooperate closely in assessing different 
possible management routes. 



ASSESSMENT OF MANAGEMENT ALTERNATIVES FOR REACTOR WASTES 

CONTRACTOR : BELGATOM S.A. rue de la Loi, 75 B-1040 BRUXELLES 

CONTRAT N° : FI lW-0124 

DURATION OF CONTRACT : November 1987 - January 1990 

PERIOD COVERED : January 1989 - December 1989 

A. OBJECTIVES AND SCOPE 

The objective of the contract is to constitute a.contribution to a 
joint study aiming at assessing management routes for Light Water 
Reactor Wastes on the basis of economic and radiological criteria 
and by drawing up the basic options emphasizing the collect -
treatment - conditioning - packaging - storage and transport 
aspects. 

The reference scenario considered is the following : 

- Installed nuclear power : 20 GWe ; 
- All P.W.R. - Grouping of reactors by 4 units ; 
- Lifetime : 30 years ; 
- Location : Inland sites with stringent discharge limits. 

A management route is defined as each set of coordinated actions by 
which the management of L.W.R. wastes from their production to 
their disposal is implemented. 

B. WORK PROGRAMME 

The evaluation of the management routes for LWR-wastes is based in 
the frame of our contract, on the execution of the following 
sequence of tasks : 

1. Definition of typical primary waste inventories resulting from 
normal operation of 900 MWe-PWR's (gaseous, liquid and solid 
wastes). 

2. Definition of discharge limits, waste acceptance criteria and 
transport regulations. 

3. Drawing up of basic management routes taking into account treatment 
and conditioning variants. 

4. Sensitivity studies on each basic management route. 

6. Costing of the basic management routes as well as the variants 
evolved from sensitivity studies. 

7. Assessment of the related occupational exposure 
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8. Assessment of Che related radiological impact to the public (short 
and long term). 

BELGATOM have to execute partly the tasks 1, 2 and 6 and wholly the 
tasks 3, 4, 7 and 8 for one basic management route based on the 
Belgian concepts and practices. 

C. PROGRESS OF WORK AND OBTAINED RESULTS. 

C.l. State of advancement 

Point 1 : Already completed and reported 

Point 2 : Already completed and reported 

Point 3 : The descriptions of Belgian management routes for solid 
Waste and for liquid and gaseous effluents are completed. 

Point 4 : In preparation 
The proposed scope of work is the following : 

- Comparison of the liquid waste management through a fixed 
installation or by means of a mobile unit working on 
several sites ; 
Estimation of influence of this choice on the investment 
costs and on the operating costs ; 

- Comparison between two ways for the solid waste treatment 
: . through incineration of the combustible part of the 
solid waste and compaction of non-combustible part ; 

. by means of supercompaction of all the technological 
waste ; 

and the related influence of these two ways on the 
investment and operating costs 

Point 6 : This point is now completed by supplying TASK/KAH with the 
data related to equipment costs and operating costs of 
- the gaseous effluents (off-gases and ventilation) 

treatment 
- the liquid effluents treatment 

- the solid waste treatment 

Point 7 : The study of this point begins in February 1990 

Point 8 : This study was performed and nearly finished 

A complete separate document will be supply in march 1990. 
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C.2. Progress and results 

Point 1 : See annual progress report Nov. 87 - Dec.88 

Point 2 : See annual progress report Nov. 87-Dec.88 

Point 3 : The descriptions of the basic management routes used in 
Belgium for gaseous and liquid effluents so as for solid 
Waste are given in two types of documents. 

- Firstly the "General descriptions" where are described 
the basic flow -sheets of each treatment chain including 
mass and activity balances and 

- secondly the "Technical descriptions" which give the 
detailed flow-sheets of all processes and the specific 
equipment characteristics including instrumentation and 
control in order to allow an evaluation of the equipment 
cost. 

There are three "General descriptions" for 
- Gaseous effluents (off-gas + Ventilation) 

- Liquid effluents 

- Solid waste 

There are three corresponding "Technical descriptions" 
however, the Technical description of the gaseous waste 
treatment is splitted into off-gas treatment and ventilation 
air treatment due to specificity of each effluent stream. 
During the reported period some of these seven documents 
were revised to take into account specific requests of CEC 
specially related to the costing study and activity 
flow-charts. The Technical description of the ventilation 
has been completely new written. 

Point 4 : In preparation 
The report of this point is foreseen at the end of the first 
semester of 1990. 

Point 6 : Two allow a costing study, BELGATOM has also supplied two 
types of documents : 

- one for the equipment costs 

- another for the operating costs and this related to the 
liquid effluents, the gaseous effluents and solid waste. 

The costing study of the equipment costs related to the 
gaseous effluents is splitted into off-gases and ventilation 
equipment costs. 
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Point 7 

- with regard to operating costs : the gaseous and liquid 
waste are treated together because the operation of this 
part of the plant is performed by the same personnel. 

- in order to take into account the actual situation in 
Belgium, the solid waste related operating costs is 
splitted into : 

* on-site installation which treats I.E.R; filter 
cartridges, evaporators concentrates and flocculates, 
and, 

* central treatment unit which receives not only the 
so-called technological waste but also other solid waste 
coming from other waste sources than nuclear power 
plants. 

In preparation 
The corresponding report is foreseen at the end of the first 
semester of 1990 

Point 8 : The corresponding report begins with a discussion of the 
source term, a description of the waste processing system 
(gaseous and liquid effluents) and a calculation of the 

liquid and gaseous waste releases. 

On this base, an assessment of Radiological impact to the 
public is performed separately for liquid and gaseous 
releases each for an Inland Site and for a Coastal Site and 
for both real and design cases. 
A calculation gives also the collective doses due to noble 
gases releases, to particulate (aerosols) releases and to 
liquid releases, each for both Inland and coastal Sites. 
See table "Radiological Assessments" 

All the results are given in several tables with a splitting 
per isotope and for several organs of the human body, and 
under a normalized form to allow extrapolations. 
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RADIOLOGICAL ASSESSMENTS 

The radiological assessments (doses to critical individuals and collective 
doses) are summarized hereafter for the real and design cases. 

1. LIQUID EFFLUENTS 

DISCHARGES (Ci/y) 

1. TOTAL BODY 
DOSES TO CRITICAL INDIV. 
USv/y 2. MOST EXP. 

ORGAN. 

COLLECTIVE DOSES - Man.Sv/y 

1. Total Body 

2. THYROID 

REAL 

INLAND 

1,74 
2 

H3 = 6.10 

1,0 

3,6 
(Thyroïd) 

-1 
3,1 . 10 

-1 
4,5 . 10 

CASE 

COASTAL 

1,74 
2 

H3 = 6.10 

0,23 

2,6 
(Thyroïd) 

-4" 
3,2 . 10 

-3 
3,4 . 10 · 

DESIGN CASE 

INLAND 

6,8 
2 

H3 = 6.10 

2,0 

10 
(Thyroïd) 

-1 
3,7 . 10 

-1 
8,1 . 10 

COASTAL 

6,8 
2 

H3 . 6.10 

0,35 

7 
(Thyroïd) 

-4 
6,9 . 10 

-3 
9,7 . 10 

2. GASEOUS EFFLUENTS (*) 
(INLAND) 

NOBLE GASES 
RELEASE IODINE (**) 

(Ci/y) AEROSOLS 

DOSES TO CRITICAL INDIV. 
1. Total Body - Noble 

gases (uSv/y) 

2. Total Body - Iodine 
+. particulates (ySv/y) 

3. Most exposed Organ 
(Thyroïd) (uSv/y) 

COLLECTIVE DOSES (Man.Sv/y) 
Noble gases + Aerosols + iodine 

1. whole body 

2. Thyroïd 

REAL 

10.000 NmVy 
30 Ci/m3 

3 
1,1.10 
0,31 

-4 
3,7.10 

0,16 

1,2 

14 

-2 
1,2 . 10 

-1 
7,5 . 10 

CASE 

6.000 Nm3/y 
30 Ci/m3 

713 
0,27 

-4 · 
2,5.10 

DESIGN 

24.000 NmVy 
300 Ci/m3 

5 
3,91.10 
1,72 

-5 
8,5.10 

52 

1,4 
2 

1,9.10 

1,3 
9,5 

CASE 

10.000 NmVy 
300 Ci/m1 

4 
1,75.10 
0,563 

-5 
4,3.10 

2,5 

1,2 

16 

-2 
7,1 . 10 

-1 
8,4 . 10 

(*) In the case of the atmospheric releases, the doses to the critical 
individual are the same for in-land and coastal sites. The collective 
doses of a coastal site are evaluated to 50 X of corresponding values for 
an in-land site. 

(**) Including 1131 + 1133 releases. 
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DRAWING 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 No. : FI1W/0130 
Duration of contract: January 1988 - April 1990 
Period covered : January 1989 - December 1989 
Project leaders : R. Geiser, Y. Huet 

A. Objectives and scope 
During the last few 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 3rd EC Waste 
Management programme, GNS and FRAMATOME are taking part in the present 
joint study, the purpose of which is to characterize various overall 
management schemes resulting from these new developments. The 
complete description and anlysie of each scheme will consist in 
evaluating its industrial feasability, costs and radiological impact 
on workers and public. The following sensitivity studies will point 
out the impact of some important parameters on processed waste product 
characteristics and quantities, costs and radiological impact. 

The assessment of the different European management alternatives 
will make up basic data for the study. Each national scheme will be 
applied to a hypothetical site with 20GWe capacity consisting of 
light-water cooled reactors (PWR's and BWR's) and to low and 
Intermediate radioactive waste generated during normal operation. 
After having analysed each basic case, sensitivity analysis will be 
carried out, varying the most important parameters such as waste 
characteristics, treatment methods, discharge limits and disposal 
criteria affecting both cost and radiological impact. 

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

B. Work programme 
2.2. Definition of typical primary waste inventories resulting from 

normal operation 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 for each basic management route. 
2.6. Assessment of the related occupational exposure. 
2.7. Assessment of the related radiological impact on the public 

(short and long term). 
In this regard, FRAMATOME/GNS will be partly responsible for tasks 

2.2., 2.3. and 2.7. and wholly responsible for tasks 2.4., 2.5. and 
2.6. for two basic management schemes relying on the German and 
Italian philosophy and practice. 

C. Progress of work and results 
No contribution has been received at the edition's deadline. 
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DRAWING-UP OF MANAGEMENT ROUTES FOR REACTOR WASTES BASED ON INDUSTRIAL 
PRACTICES IN FRANCE AND SPAIN 

Contractor : SGN - St. Quentin-en-Yvelines, France 
Contract No. : FI1W/0132 
Duration of contract : September 1987 - March 1990 
Period covered : January 1989 - December 1989 
Project leaders : B. de Wavrechin, C. Laouen 

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 two basic 
routes emphasizing the treatment/conditioning and packaging 
aspects. A management route is defined as each assembly of 
coordinated 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 operations. 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 EDF and INYPSA 
respectively, who cooperate with SGN as contractors. More 
specifically, the contribution of INYPSA applied to the study of 
the BWR waste management options is based on the Spanish 
experience. 

B. Work programme 
1. Definition of typical primary waste inventories resulting from 

normal operations of PWRs and BWRs. 
2. Definition of discharge limits, waste acceptance criteria and 

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

and conditioning variants. 
4. Sensitivity studies on each basic management route. 
6. Costing of the basic management routes as well as the variants 

evolved from sensitivity studies. 
7. Assessment of the related occupational exposure. 
8. Assessment of the related radiological impact to the public (short 

and long term). 
based on the French and Spanish concepts and practices. 

C. Progress of work and obtained results 
State of advancement 
During the reference year 1989, the following tasks were performed: 
- " Modification of typical primary waste inventories. 
- Costing of the basic management routes. 
- Assessment of the related occupational exposure. 
- Assessment of the related radiological impact to the public. 
The remaining task "Sensibility studies on each basic management 
route" will be completed by the end of March 1990. This part of 
the study will examine the impact of using mobile conditioning 
units on capital and operating cost. 
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Progress and results 
1. Modification of typical primary waste inventories. 

The inventory of liquid and gazeous primary waste already given 
in 1988 was changed further to be comparable to the French PWR 
actual performances. Lower values of the activity present at 
the TEP and TEG units were adopted: 
. Gazeous 20 Ci/Nm3 instead of 200 Ci/Nm3 (TEG - ventilation 

excluded) 
. Liquid 0,1 Ci/Nm3 instead of 1 Ci/Nm3 (Tritium excluded) (TEP) 
together with a slight adjustment of their spectrum. 

2. Definition of discharge limits, waste acceptance criteria and 
transport regulations. 

3. Drawlng-up of basic management routes taking into account 
treatment and conditioning variants. 

4. Sensitivity studies on each basic management route. 
To be performed in 1990. 

6. Costing of the basic management routes as well as the variant 
evolved from sensitivity studies. 
. Based on the information given to TASK by SGN in 1988 for the 
cost assessment of the management routes, the cost assessment 
was up-dated. Its results show concordance with data given by 
EDF for PWR in France. 

. In addition transport costs were provided based on the 
following assumptions: 
- Transport by truck (unlike the French case where most of the 
waste packages are transported by rail). 

- Average distance covered - 500km (instead of 660km in 
France). 

- Payload : 26 t of packaged waste per truck. 
which leads to an average transport cost of about 100 ECU/t. 

7. Assessment of the related occupational exposure. 
In addition to the data given in 1988 for the radiological 
impact, the mean individual dose equivalent integrated by the 
operators of the Effluent treatment units of a two 900 HWe unit 
is assessed to be equal to 0.5 rem/year. 
The collective dose of the 19 operators becomes approximately 10 
man.rem/year. 
The dose equivalent rates are calculated on the basis of the 
French experience (EDF) that does not allow determination of a 
specific value per treatment unit so far. 
However, it can be noted that the dose equivalent integrated by 
workers arises primarily from the Solid Waste Treatment System 
(TES) where most operations are performed manually. 

8. Assessment of the related radiological impact to the public. 
In addition to the data given in 1988 for the radiological 
impact, the following information on released activity and 
related radionuclide spectrum was provided and discussed: 
- Gaseous release to the stack : 150,000 Nm3/hr/unit 
+ 6,000 Nm3/yr/unit 
including, C-14 : 0.001 Ci/yr/unit 

Iodine : 0.067 Ci/yr/unit 
Noble gases : 728.317 Ci/yr/unit 
Aerosols : 4 χ 10 Ci/yr/unit 
Total Activitv : 728.385 Ci/vr/unit 
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- Liquid effluents to the river (or to the sea) -
12,000 m3/yr/unit 
i.e., 3.33 Ci/yr/unit (H3 excluded) 
Tritium - 600 Ci/yr/unit. 

The spectrum accounted for the releases is assumed, 
conservatively, to be the same as the one taken for the primary 
wastes (secondary liquid effluents). 
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COST EVALUATION OF ALTERVATIVE MANAGEMENT SCHEMES FOR LWR WASTE 

Contractors : TASK Ricerca 1 Sviluppo S.r.l. - Kraftanlagen AG 
Contract No. : FI1W/0125 
Duration of Contract · October 1, 1987 - January 31, 1990 
Period covered : January 1, 1989 - December 31, 1989 
Project leaders · G. Thiels (TASK R&S), F. Stenersen (KAF) 

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 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. 

TASK R&S and KAH will also 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 

C. Progress of work and obtained results 

State of advancement 
TASK R&S and KAH have performed the cost evaluation of three 
management options for LWR waste. For this purpose, general 
procedures have been established for the cost assessment and cost 
scaling of the envisaged management schemes. 
The implementation of these procedures has been limited to the PWR 
routes due to the delays encountered in the programmes of the other 
partners of the joint strategy study, responsible for the 
engineering of the BWR management routes. As a result, the cost 
assessment procedure has only been applied to the PWR routes (PWR1: 
SGN; PWR2: GNS-Framatome; PVR3; Belgatom). 
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Progress and results 
2.2.1. Management options to be costed 
The engineering and process development of the basic management 
routes by the other partners of the joint strategy study have 
undergone delays, thereby also retarding the costing study. 
2.2.2. Cost assessment procedure 
For the cost assessment of the various management options a number 
of cost elements have been defined, which are utilised to determine 
the overall plant cost. Several assumptions concerning the plant 
siting and process technology have been established. Using this 
framework, the capital cost in 1988 is derived from the material 
cost of the Major Equipment or "Base Value"; all the other capital 
cost elements, except the Civil Works, are expressed as a fraction 
of this Base Value. For the operating cost the annual consumption 
of Process Materials, Utilities and Maintenance Materials and the 
costs associated with the Direct Labour and Overheads are taken 
into account to obtain the annual cost of the different cost 
elements in 1988. 
Both the capital and annual operating costs are actualised to the 
start-up date of the plant using the "Present Worth" method. 
Finally, the actualised values are converted into an annual cost 
per unit volume of waste treated by employing the "Annual Value" 
method. 
To evaluate the capital and annual operating costs related to the 
transport of the conditioned LWR waste, the type and amount of 
transport casks and the transport distance were defined in 
collaboration with the other participating organisations. On the 
basis of this data, the transport costs in 1988 by road or rail are 
elaborated. Subsequently, they are actualised employing the cost 
assessment procedure and transformed into an annual cost per unit 
of volume of waste treated. 
2.2.3. Results 
The cost determination procedure was applied to the three PWR 
management routes. The costing of PWR2 route is based on the costs 
provided by GNS-Framatome, whereas that of PWR1 and PWR3 has been 
derived by TASK R&S - KAH from the engineering data given by SGN 
and Belgatom. It should be noted that the interim storage has 
either a capacity of 1 year (PWR1 & PWR2) or 10 years (PWR3). The 
results thus obtained are shown in Table I. 
Concerning the transport, the national practice was adopted, i.e. 
the transport is either performed by road (PWRl & PWR3) or rail 
(PWR2). Moreover, the distances covered vary from 2 χ 100km (PRW3) 
to 500km (PWRl & PWR2). The results are given in Table TI. 
2.2.4. Cost scaling 
A general procedure has been developed to scale the costs with 
changing plant capacity. It is based on the "six-tenths rule" and 
derived formulas available in the literature, which are normali}' 
applied in the chemical industry. This procedure is applicable to 
a reference capacity of 20 GWfe). 
However, in the case of the PWR management routes the basic data 
refer to plant capacities ranging between 1.3 and 1.8 GW(e) (i.e. 1 
module). Therefore, it has been suggested to perform a linear cost 
scaling using as reference the costs for 1 module. 
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Table Τ 

Actualised capital and annual operating costs together with the 
corresponding total plant cost for 30 years of operation and 
constant annual cost for the three LVR vaste management routes. 
The costs do not include the transport of the treated waste. 

Actualisation data: 01.01.92 

ACTUALISED 
ROUTE CAPITAL COST 

ÍMECU) 

ACTUALISED 
ANNUAL 
OPERATING 
COST . 

(MECU a ) 

TOTAL PLANT 
COST FOR 30 
YEARS OF 
OPERATION 
(MECU) 

CONSTANT 
ANNUAL COS": 
(MECU a ) 

Route LWR1 
(PWR) 

Route LWR2 
(PWR) 

666.459 

1 360.120 

50.976 

61.304 

1 370.492 

2 206.794 

125.199 

201.599 

Route LWR3 
(PWR) 

867.266 42.363 1 452.344 132.677 

Table II 

Actualised capital and annual operating costs together with the 
corresponding total transport cost for 30 years of operation and 
constant annual cost for the three LWR waste management routes. 

Actualisation date: 01.01.92 

ROUTE 
ACTUALISED 
CAPITAI, COST 

fMECU) 

0.091 

1.125 

ACTUALISED 
ANNUAL 
OPERATING 
COST 

(MECU a ) 

1.048 

1.259 

TOTAL TRANS­
PORT COST 
FOR 30 YEARS 
OF OPERATION 

(MECU) 

14.565 

18.513 

CONSTANT 
ANNUAL COST 
(MECU a"|) 

1.331 

1.691 

Route LWRl 
(PWR) 

Route LWR2 
(PWR) 

Route LWR3 
(PWR) 

0.000 3.134 43.284 3.954 
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COST AND RADIOLOGICAL IMPACT OF REACTOR WASTE IN BELOW-GROUND VAULTS 

Contractor . : INITEC, S.A., Madrid, Spain 
Contract No. : FI1W/0127 
Duration of contract : December 1987 - December 1989 
Period covered · : January 1989 - December 1989 
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 focuses 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: 
- 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 have been 
taken into account: ground water migration of radioactive 
elements, surface water releases and atmospheric releases. 
Three different stages in the life of the installation have been 
considered: operation of the facility, institutional control 
phase and free use of the land after termination of the licence. 
Different scenarios have been assumed for each one of the 
different stages, including normal operations scenarios as well 
as accidental scenarios. 

- Determine the radiological burden to the facility operators. 
- Cost assessment related to the disposal of the I.WR waste 

products in below ground vaults, including capital and operating 
costs. 

B. Work programme 
The following activities were performed in the six month period 
covered by this report. 

B.1. Cost assessment 
The cost estimates have been performed in accordance with 
procedures applied by the other contractors. Calculation bases 
are the following: 

B.l.l. Capital costs 
. Site works include only acquisition and preparation costs. 
. 20% of civil works in vaults construction is carried out 
before start up date. 

. QA . (quality assurance) and indirect labour calculated as a 
percentage of direct cost from civil works, vault 
construction and major equipment and bulk materials. 

' . Architectural and Engineering devices are taken to represent 
16.2% of the direct capital cost. 

B.1.2. Operating costs 
. Expected life of the facility 30 years. 
. 120 m3 of wastes. 
. Salary for operators + 13 ecu/h and higher labour categories 
= 25 ecu/h. 

. 80% civil work in vault construction is performed along the 
life of the facility. 
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. Decommissioning cost has been converted into a constant 
annual cost which should be invested at 10% of interest 
rate. 

P. 1.3. Actualisation of cost was based on the following values: 
. Date of actualisation: 01.01.93 fstart up). 
. Construction period 3 years (1990-1993). 
. Annual rate of interest 8? a 
. Annual rate of inflation 3% a 
. Return on inversion (provisions for decommissioning) 10% 

(nominal). 
. Monev borrowed at the middle of the duration period of each 
activity and paid back at the end of the construction 
period. 

. Exchange rate 130,9 pta/ecu. 

. The cost determination scheme provided by KAH applied. 

B.1.4. Costs 
Breakdown of costs in ecus per m3 of waste is provided below: 
- Capital cost 899 
- Operating cost 1505 
Capital cost structure was found to be: 
Site works 17% 
Civil works 2% 
Vaults construction 4% 
Major equip. + bulk mat. 5% 
O.A. 2% 
Indirect construction 1% 
Laboratory and health physics 1% 
Architectural and Engineering Services 5% 
Operating cost structure was found to be: 
Direct labour 32% 
Overheads 6% 
Vaults construction 11% 
Decommissioning 9% 
Utilities 3% 
Materials 2% (maintenance and process). 

B.2. Occupational exposure assessment 
Occupational exposure was calculated for the waste disposal 
facility of the type Below Ground Vaults. 
The approach adopted for estimating the occupational exposure is 
based on a per shipment basis and most significant data have 
been obtained from relevant literature and adapted to the 
specific design. 
Major tasks and operations have been established and workers and 
times required for completing them, as well as representative 
distances between workers and waste have been estimated for 
calculating the doses received by workers during disposal of two 
types of waste packages: drums and containers. 
The results of these calculations show that projected annual 
collective doses range from 0.21 to 0.65 person-Sv/year and from 
5.24-5 to 1.64-4 person-Sv/m9 for the sources and packages 
assumed. Accordingly annual average individual doses range from 
1.05-? to 3.27-2 Sv/year and ?.63 to 0.10-5 Sv/m3. 
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Β.3. Assessment of the radiological impact to the public. 
B.3.1. Main assumptions 

The main hypothesis used in the definition of the "normal 
evolution scenario" are: 
- It is assumed that the storage will receive during a period 
of 30 years a total amount of medium and low level waste 
generated by 20 GWe of installed nuclear capacity, of which 
75% corresponds to PWR type reactors and 25% to BWR. 

- The calculation of the total activity in the different waste 
streams for the radionuclides considered is based on the 
models and normalized data of NTJREC:/CR-1759. 

- The values for the "Annual Lixiviation Fractions" used in 
the analysis corresponds to those specified as maximum 
acceptable for concrete imobilized waste in the French 
acceptance criteria. 

- The institutional control period is assumed to extend over 
300 years after the closure date, and the cover is assumed 
to remain effective against infiltration in this period. 

- The degradation of waste packages is assumed to follow a 
normal law, characterized by a mean time (time at which 50% 
of the packages will be degraded) and the standard 
deviation. 

- Only the degraded packages are subiect to lixiviation by 
percolating water. 

- After the end of the institutional control period the 
lixiviation rate of the degraded packages corresponds to the 
full values . of the acceptance criteria. During the 
institutional control period, the lixiviation rate of the 
degraded packages is assumed to be 13% of the full values, 
fraction that corresponds to the intitial saturation 
percentage of the clay in the cover. 

- Water that percolates and lixiviates the waste packages is 
assumed to reach the underlying aquifer, where it is 
transported and diluted with the general ground water flow. 
The aquifer discharges to a river located at a short 
distance (1km) from the storage site. 

- At a certain distance downstream the discharge area, water 
is pumped from the river and used for human and animal 
consumption, as well as for irrigation of a piece of land in 
which vegetables for human and animal consumption are grown. 

B.3.2. Maximum individual doses 
The maximum value of annual effective committed dose, 1.14 
(-5) Sv/y (1.14 mRem/y) corresponds to the age group of 
infants, most of it due to the ingestion of Ni-59 in 
contaminated milk. This maximum value occurs 960 years after 
the closure of the installation. 
The maximum doses to adults are 1.91 (-6) Sv/y (0.19 mPem/y) 
at 1194 years after the closure of the installation. 
The most significant radionuclides on a lTBq basis are, I 129, 
Nb94, Csl35, Np237, Pu239 and Tc99, their maximum values 
10(-6)-10(-8) Sv/y being reached 332, 1308, 448, 1994, 2934, 
332 years after closure of the facility. 

B.3.3. Collective doses 
Collective doses have been estimated and the final report will 
be submitted in the near future. 
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COST AND RADIOLOGICAL IMPACT ASSESSMENT FOR THE DISPOSAL OF REACTOR 
WASTE BY NEAR-SURFACE DISPOSAL 

Contractor : CEN Fontenay-aux-Roses, CEA, France 
Contract No. : FI1W/0135 
Working period : September 1987 - December 1989 
Period covered : January 1989 - December 1989 
Project leader : J. Malherbe 

A. Objectives 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 an assembly of coordinated 
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 operations. 
In the framework of this large programme, CEA is mainly involved in 
the final part of the management routes : definitive storage. In 
cooperation with INITEC, the contractor will develop, for this 
reactor, the concept of the Near-surface Disposal (French and Spanish 
storage). 

B. Work programme 

2.2. Definition of acceptance criteria, in the case of a Near-Surface 
Disposal. 

2.3. Drawing-up of basic management routes : on the basis of 
inventories and criteria acceptance, the contractor will define all 
the subsequent disposal operations by Near Surface Disposal. 

2.4. Sensitivity studies : will be performed in order to determine the 
impact of some important parameters on costs and doses. 

2.5. 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. 

2.6. Assessment of the occupational exposure 

2.7. Assessment of the radiological impact to the public 

C. Progress of work and obtained results 
In accordance with an up-dated list of waste packages communicated by 
SGN, a new evaluation of the Near-Surface Disposal installation has 
been performed. 
An estimation of radiological impact of reactor waste disposal has 
been calculated on the basis of the radionuclide inventory in report 
NUREG-CR 1759. 
The study is now completed. 
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2.2. Definition of waste acceptance criteria 
This work was completed and has been reported in 1988 Annual 
Progress Report. 

2.3. Drawing-up of basic management routes 
This work was completed and has been reported in 1988 Annual 
Progress Report. 

2.A. Sensibility Studies 
In this study, the volume of waste has been taken as a parameter. 
Particularly, Near-Surface Disposal has been evaluated taking 
into account the volume of low active reprocessing waste and 
reactor waste or only the latter. A cost reduction of 10% only 
is achieved in investment and operating costs for a 30% reduction 
in volume of waste. 

2.5. Cost Assessment 
On the basis of a nuclear park of 20 OWe operating for 30 years, 
the total volume of waste to be disposed of by Near-Surface Site 
has been evaluated to be 280,000 m3. 
A cost evaluation has been done on the basis of this total volume 
of waste applying the cost determination method proposed by 
TASK/KAH. 

2.6. Assessment of occupational exposure 
This evaluation has been performed in dividing the site in 3 
zones where annual dose equivalent rates are specified : zone 1 
or "surveillance zone" with a rate limited to 0.6 micro Sv/h, 
zone 2 or "low risk controlled zone" with a dose rate limited to 
2.5 micro Sv/h and zone 3 or "regulated zone" with a dose rate of 
25 micro Sv/h. 

2.7. Radiological impact to the public 
In the reactor waste inventory communicated by other contractors 
in charge of definition of the waste, no long-lived radionuclide 
has been mentionned. Then, in agreement with INITEC and CEC 
staff, a list of radionuclides has been taken as given in report 
NUREG-CR 1759. That led to an evaluation of impact due to 
reactor waste estimated to be 0.5 micro Sv/y maximum. 
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DRAWING-UP OF MANAGEMENT ROUTES FOR LWR-HULLS BASED ON THE DIRECT 
CEMENTATION AND MELTING CONCEPTS 

Contractor : Commissariat à l'Energie Atomique 
Centre d'Etudes de la Vallée du Rhône (FRANCE) 

Contract No. : FI1W/0131 
Duration of contract · September 1987 - December 1989 
Period covered : January 1989 - December 1989 
Proiect leader : C. Sombret 

»' 
A. Objectives and scope 

The objective of the contract is to contribute to the implantation 
of a joint study on management options for hulls and caps by 
drawing up two basic routes emphasizing the treatment/conditioning 
and packaging aspects: 
- Route No. 1 : Hulls and caps cementation/packaging/interim 

storage (reference industrial route of the La 
Hague reprocessing plant). 

- Route No. 2 : Hulls melting in a cold crucible, caps melting in 
conventional crucible/packaging/interim storage 
(alternative route under development). 

B. Work programme 
In order to evaluate management routes for hulls and caps, a 
methodology is applied which consists in performing the following 
sequence of tasks: 
1. Definition of a reference scenario (size of the nuclear park, 

reactor type, fuel burn-up, cooling time before reprocessing). 
2. Definition of basic hypothesis concerning discharge limits and 

waste acceptance criteria for disposal. 
3. Definition of the characteristics and arisings of hulls and 

caps. 
4. Drawlng-up of basic management routes taking into account 

treatment and conditioning variants. 
5. Sensitivity studies on each basic management route. 
6. Development of computing programmes for itemising and evaluating 

the different management option. 
7. Costing of the basic management routes as well as the variants 

evolved from sensitivity studies. 
8. Assessment of the related occupational exposure. 
9. Assessment of the related radiological impact to the public 

(short and long term). 
With respect to the other tasks, CEN/VALRHO takes in charge wholly 
tasks 3, A, 5 and 8, partly task 9 to two basic management routes 
based on direct hulls cementation for the first, and on melting for 
the second. 

C. Progress of work and obtained results 
C.1. State of advancement 

The reference scenario was defined jointly by the working group 
and the basic data related to the amount of hulls and ends 
generated and their characteristics have been fixed. Discharge 
limits and waste acceptance criteria were also defined. 
The drawing-up of the two basic management routes was performed: 
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- Route No. 1 : hulls and ends cementation/packaging/interim 
storage. 

- Route No. 2 : hulls and ends sorting/melting/conditioning/ 
Interim storage. 

For each route flow diagrams and mass balances were determined. 
Á description of the processes, a list of the main equipment and 
their cost, the conceptual design of the cells and building were 
given. This data was used by Task R&S and KAH to perform the 
cost evaluation of these two management options. 
Sensibility and safety studies were also done. 

C.2. Sensibility studies 
The effects of variation of a number of paramters were studied 
for each route as defined by the working group. 
- Radioactive content In hulls and caps : within a large range 
of activities the cementation process appears to be acceptable 
for thermal loading. 

- Interim storage prior to treatment : a 50 year interim waste 
storage period prior to the treatment reduces the biological 
shielding requirement, allows the tritium to decay and lowers 
the activity level of the waste by about two orders of 
magnitude. These advantages do not appear sufficient to 
offset the constraints implied by a long interim storage 
period. 

- Decontamination performance during melting : the active 
experimentations needed to estimate the decontamination, 
performance are still under preparation. 

- Discharge limits : Cementation is not affected by variation of 
the plant discharge limits, whereas for melting it will be 
necessary to capture the radioactive gas released during 
melting and to improve the decontamination efficiency of the 
liquid waste treatment. 

C.3. Safety studies 
Assessments of the related occupational exposure and the 
radiological impact to the public have been performed. The 
results are presented in Table 1. Compared to the radiological 
impact of the reprocessing plant, the relative contribution is 
very low (less than 1%). 

Table 1 : Radiological impact 

Cementation Melting 

Public Seaside plant - 0,17 man.Sv/y 

Inland plant - 0,05 man.Sv/y 

Workers - 0,09.man.Sv/y 0,11 man.Sv/y 
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DRAWING-UP OF MANAGEMENT ROUTES FOR LWR FULLS, BASED ON THE 
COMPACTION/PACKAGING FXHAUSTIVE DECONTAMINATION CONCEPTS 

Contractor : CEN/SCK Belgian Nuclear Research Center, Mol, Belgium 
Contract No. r FI1W/0123 
Duration of contract · November 1987 - February 1990 
Period covered : January 1989 - December 1989 
Project leader : M. Klein 

A. Objectives and scope 
This study is part of a joint study, which aims at the assessment 
of different management routes for hulls and caps, generated during 
the reprocessing of spent fuel. The assessment is based on 
economical and radiological criteria. 
The methodology applied for the evaluation of the management 
routes, consists of the following tasks; 
1. Definition of a reference scenario. 
2. Definition of discharge limits and waste acceptance criteria. 
3. Definition of the characteristics and arisings of hulls and 

caps. 
4. Drawing up of basic management routes. 
5. Sensitivity studies on each management route. 
6. Development of computing programmes for itemizing and evaluating 

the different management options. 
7. Costing of the basic management routes as well as the variants 

evolved from the sensitivity studies. 
8. Assessment of the related occupational exposure. 
9. Assessment of the related radiological impact to the public. 

B. Work programme 
CEN/SCK covers partly task 3 and wholly tasks 4, 5 and 8 for two 
basic management routes. 
B.1.r Discussion of data concerning amounts and characteristics of 

hulls and caps, generated in the frame of the reference 
scenario. 

B.2.; Drawing up of two basic management routes: 
Route No. 3 : Hulls compaction/packaging/interim storage 
Route No. 4 : Hulls decontamination/cementation/packaging/ 

interim storage. 

B.3.: Sensitivity studies to study the impact of some important 
parameters on waste product characteristics and on the total 
volume of the treatment and conditioning facility buildings. 

B.4.t Calculation of the occupational exposure for routine 
operation and maintenance : annual individual dose and 
collective dose for 30 years operation. 
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Progress of work and obtained results 
State of advancement 
A detailed description of the routes No. 3 and 4 was carried out. 
This comprises: 
- engineered flow diagrams (mass balances); 
- flow sheets; 
- characteristics of the main pieces of equipment; 
- manpower requirements. 
The transport cost for the route No. 3 was estimated assuming a 
transport with a TN28V cask which has a nominal capacity of 28 
glass type containers. 
The sensitivity studies were performed for both routes. For each 
route, the relevant parameters were defined by the Working Group 
and are given hereafter for routes Nos. 3 and 4. 

Route No. 3 : Compaction/Packaging 
1. Discharge limits 
2. Volume reduction Efficiency 
3. Disposal criteria 
4. Type of packaging 

Route No. 4 : Decontamination/Cementation 
1. Content of dissolver residues in hulls 
2. Discharge limits 
3. Decontamination efficiency 

The assessment of the occupational exposure will be done in the 
beginning of 1990. 

Results 

B.l. Discussion of data concerning amounts and characteristics of 
hulls and caps 
The characteristics of the cladding waste produced is based on 
standard PWR fuel with 3.5% enrichment and a burn-up of 33 
GWd/MTHM. Reprocessing and conditioning are foreseen 3 years after 
reactor discharge. For a 600 THM/a reprocessing capacity, about 
171 Τ hulls and 18 Τ caps are produced annually. 

B.2. Drawing up of basic management routes 
Route No. 3 compaction/packaging 
The reference route is the CEN/SCK process of compaction of the 
hulls and packaging of the compacts inside a triple container 
SS+Pb+SS; the caps are conditioned by the cementation route 
identical to route No. 1 developed by CEA. This results in the 
production of 277 glass type canisters for the compacted hulls 
equivalent to 56 m3 or 271 tons and 22 drums with cemented caps 
equivalent to 38 m3 or 80 tons. The flow sheet of the compaction/ 
packaging process for the hulls is given in Figure 1. 
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Route No« 4 decontamination/cementation 
The maior steps of route No. 4 are decontamination of the hulls and 
cementation of hulls and caps according to the French Process. The 
reference decontamination process consists of washing of the hulls 
with cold HNO3 3 M, which results In 95% alpha decontamination. 
Application of this process results In the production of 237 drums 
of cemented hulls and caps, I.e. 403 m3 or 948 tons. The flow 
sheet of route No. 4 Is given In figure 2. 

For both routes, a series of data sheets gives the characteristics 
of the main pieces of eoulpment (dimensions, materials, power 
consumption). The operation time and the manpower requirements 
were also estimated. For route No. 3, this corresponds to 9900 
man.hours/a and for route No. 4 to 11550 man.hours/a. Plant 
layouts and the related buildings volumes were also determined. 

B.3. Sensitivity studies 
Route No. 3 Compaction/packaging 

1. Discharge limits 
The airborne releases are one or several order of magnitudes lower 
than the authorized releases so that retention of the gases is not 
to be considered. For the liquid effluent, only the drying of the 
hulls generates a small volume (8.5 m3/a) of significantly active 
effluent which should be recycled in the reprocessing plant. 

2. Volume reduction of the compacted product 
The reference compacted product has a density of 75% ve the 
theoretical density of zircaloy. An increase of 10% of the 
compacted product density results in a decrease of 7% in the number 
of canisters produced whereas a 10% decrease results in a 16% 
increase. The removal of the lead lining results also in a 12% 
decrease of the waste volume. 

3. Disposal criteria 
For the reference case, the conditioned compacted waste contains 
238 GBq alpha/ton or 1095 GBq/m3 and 629 TBq/ton beta-gamma. 
For the sensitivity study, the disposal criteria is varied between 
185 and 1850 GBq alpha/m3; therefore the compacted waste can be 
accepted in a repository only in the latter case. 

4. Type of packaging 
The reference case considers packaging in glass type 200 1 
container. As an alternative, the use of a 400 1 standard drum is 
considered. The total waste volume and weight are decreased 
respectively by 12 and 20%. The press diameter is multiplied by a 
factor of 2, which means that the needed force is multiplied by a 
factor of 4; this will markedly affect the press cost. 
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Route No. 4 Decontamination/cementation 
1. Influence of residues content 
In the reference process, the 0.5% residues, essentially Ru, 
represent 6.5% of the total beta-gamma emitter inventory. A 
variation of the residues content between 0.5% and 5% will only 
result in a 60% increase of the canister activity and in a 80% 
increase of the activities of the liquid wastes produced by the 
decontamination process. 

2.2. Discharge limits 
Airborne releases are well below the authorized releases. 
The decontamination solutions and the washing aqueous solutions are 
concentrated by evaporation; most of the distillates can be 
recycled in the decontamination process, the concentrates are 
recycled to the reprocessing plant for alpha recovery together with 
the distillate purges. With this treatment scheme, only 3 m3/a 
must be treated as liquid waste. 

2.3. Decontamination efficiency 
The reference process assumes a 95% decontamination for the 
alpha's. The purpose of the decontamination process is to remove 
the activity to such a level that the hulls can be disposed in a 
near surface disposal site. The acceptance criteria, in France, is 
fixed at 3.7 GBq alpha/t after 300 years. To reach this value, the 
alpha decontamination must be higher than 90%. This performance is 
reached by several decontamination processes. 
All the decontamination processes are focused on the removal of the 
alpha activity but, in fact, the tritium and the strontium activity 
levels are respectively 2 and 1 order of magnitude higher than the 
acceptance criteria defined in France. 
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DRAWTNG-UP OF MANAGEMENT ROUTES FOR LWP. HULLS BASED ON COMPACTION/ 
CEMENTATION AND COMPACTION/EMBEDDING IN GRAPHITE CONCEPTS 

Contractor : NUKEM GmbH, Alzenau, FRG 
Contract No. r FI1W/0137 
Duration of contract : August 1987 - October 1989 
Period covered : January 1989 - October 1989 
Project leaders : 0. Mehling, H.H. Wingender 

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. A management route is defined as each assembly of 
coordinated actions by which the management of hulls and caps from 
their production to their disposal is Implemented. Usually, these 
actions comprise of treatment, conditioning, packaging, interim 
storage, transport and disposal operations. Since this joint study 
will adopt the methodology followed in a previous one, devoted to two 
other specific alpha wastes (solid plutonium containing waste and 
reprocessing sludges), it will be referred to for the definition of 
the reference scenario, the basic hypothesis and the procedure to be 
carried out for assessing cost and radiological impact to the public. 
The tasks of NUKEM in this contract are: 
- definition of characteristics and arisings of hulls and caps, 

partly, 
- drawing-up of 2 basic management routes taking into account 

treatment and conditioning, 
- sensitivity studies on each basic management routes, 
- determination of geological disposal costs at Gorleben, 
- assessment of the related occupational exposure. 

B. Work programme 
2.2. Hulls and caps characteristics and arisings 

For this taRk, it is only asked of NUKEM to discuss the data 
provided by another organisation participating in the joint 
study, so that a reference waste composition can be agreed upon 
within the working group. 

2.3. Drawing-up of basic management routes 
NUKEM extensively defines two basic routes: 
route No. 1 : hulls, caps, compaction/cementation/packaging/ 

interim storage 
route No. 2 : hulls, caps compaction/embedding in graphite etc. 

2.A. Sensitivity studies 
For both the management routes sensitivity studies are performed 
by variations of the most important parameters as indicated in 
the work programme. 

2.5. Cost evaluation 
As far as disposal of conditioned and packaged hulls in the 
Gorleben salt dome is concerned, NUKEM will provide data on the 
related disposal cost. This will be expressed in ECU/m3 of 
conditioned waste. 
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2.6. 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, packaging, transport and 
disposal at Gorleben. 

C. Progress of work and obtained results 
State of advancement 
In a supplementary work programme additional work was completed 
concerning item 2.4. - review and evaluation of different criteria -
and item 2.5. - updated cost evaluation. 

The study has been completed according to the time schedule. The 
final report has been supplied to the Commission. 

Progress and results 
2.2. Hulls and caps characteristics and arisings 

A reference waste composition was finally agreed upon in 1988. 
2.3. Drawing-up of basic management routes 

This item was completed in 1988. 
2.4. Sensitivity studies 

The parameters which had to be varied were discussed. An 
increased burn-up of the fuel elements treated would increase in 
the thermal capacity and dose rates from the containers affected. 
The compaction efficiency resulting from the implementation of 
alternative compaction devices can be doubled; hence the number 
of waste containers for hulls would be reduced by half. A waste 
acceptance criteria for disposal with an upper alpha activity 
limit of ca. 2.0 E12 Bq/m3 will be met. The theoretical ca.2.0 
Ell Bq/m3 alpha criteria would increase the number of waste 
packages. This increase for route No. 2 would not be achievable 
in the layout described for the basic scenario due to the 
through-put difficulties. Packaging of the conditioned waste 
materials in CEN/VALRHO cemented waste drums and UP3-HLW type 
canisters can be realized. 

2.5. Cost evaluation 
An updated cost evaluation of the disposal operations (capital 
and operating costs) was done. The disposal costs in ECU/m3 of 
conditioned waste given in the 1988 Annual Progress Report were 
confirmed. A mathematical relationship quoting the disposal cost 
of hulls as a function of their arisings was given. 

2.6. Assessment of the occupational exposure 
The resulting collective dose uptake in man. Sv/a is listed below 
(20 GWe nuclear park). 

operation route No. 1 route No. 2 

waste treatment 3.9 E-2 
packaging 3.2 E-3 
transport 3.0 E-2 
disposal (at Gorleben) 1.1 F-2 

1.1 E-l 
3.2 E-3 
2.8 E-2 
1.1 E-2 
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COST EVALUATION OF ALTERNATIVE MANAGEMENT SCHEMES FOR ZIRCALOY HULLS 

Contractors : TASK Ricerca & Sviluppo S.r.l. - Kraftanlagen AG 
Contract No. : FI1W/0126 
Duration of contract : October 1, 1989 - January 31, 1990 
Period covered : January 1, 1989 - December 12, 1989 
Project leaders : G. Thiels (TASK R&S), F. Stenersen (KAH) 

A. Objectives and scope 
A joint strategy study has been 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 contributed towards the costing of six basic management 
routes. 
The scope of the work was 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 were to 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 scaled 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 

C. Progress of work and obtained results 
State of advancement 
TASK R&S and KAH performed the cost evaluation of the various 
management options for Zircaloy hulls. For this purpose, general 
procedures were established for the cost assessment and cost 
scaling of the envisaged management schemes. 
These procedures were implemented on the six management routes. 

2.2.1. Management option to be costed 
The engineering and process development of the basic management 
routes were elaborated by the other partners of the joint strategy 
study. They regard the following routes: 
- Route ZH1 (CEA/CEN Valrhô): 

direct cementation/packaging/interim storage 
- Route ZH2 (CEA/CEN Valrhô): 

melting in cold crucible/packaging/interim storage 
- Route ZH3 (SCK/CEN): 

compaction/packaging into lead lined containers/interim storage 
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- Route ZH4 (SCK/CEN): 
hull decontamlnatlon/cementation/packaglng/lnterim storage 

- Route ZH5 (NUKEM): 
compaction/cementation/packaging/interim storage 

- Route ZH6 (NUKEM): 
compaction/embedding in graphite/packaging/interim storage 

2.2.2. Cost assessment procedure 
For the cost assessment of the various management options a number 
of cost elements have been defined, which are utilised to determine 
the overall plant cost. Several assumptions concerning the plant 
siting and process technology have been established. Using this 
framework, the capital cost in 1988 is derived from the material 
cost of the Major Equipment or "Pase Value"; all the other capital 
cost elements, except the Civil Works, are expressed as a fraction 
of this Base Value. For the operating cost the annual consumption 
of Process Materials, Utilities and Maintenance Materials and the 
costs associated with the Direct Labour and Overheads are taken 
into account to obtain the annual cost of the different cost 
elements in 1988. 
Both the capital and annual operating costs are actualised to the 
start-up date of the plant using the "Present Worth" method. 
Finally, the actualised values are converted into an annual cost 
per unit volume of waste treated by employing the "Annual Value" 
method. 
To evaluate the capital and annual operating costs related to the 
transport of the treated Zircaloy hulls, the type and amount of 
transport casks and the transport distance were defined in 
collaboration with the other participating organisations. On the 
basis of this data, the transport costs in 1988 by rail are 
elaborated. Subsequently, they are actualised employing the cost 
assessment procedure and transformed into an annual cost per unit 
of volume of waste treated. 

2.2.3. Result 
The cost assessment procedure was applied to all management routes. 
The costing of routes ZH1 and ZF2 is based on the costs provided by 
CEA/CEN Valrho, whereas that of the remaining routes has been 
derived by TASK R&S - KAH from the engineering data provided by 
SCK/CEN and NUKEM. The results thus obtained are shown in Table I 
The national practice for the type of cases was adopted for this 
study. The results are given in Table II. The transport cost 
contributes to a large extent to the overall plant cost. 

2.2.4. Cost scaling 
A general procedure has been developed to scale the costs with 
changing plant capacity. It is based on the "six-tenths rule" and 
derived formulas available in the literature, which are normally 
applied in the chemical industry. The have been adapted for the 
present study. This procedure takes into account the different 
behaviour of the various cost elements, thus reducing the 
associated error. The scaling can be carried out within the range 
of normal power production (6-60 RW(e)), utilising the data 
obtained for 20 GW(e) as reference. 
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Table I 

Actualised capital and annual operating costs together with the 
corresponding total plant cost for 30 years of operation and 
annual cost per unit volume of waste treated for the six 
Zircaloy hulls management routes. The costs do not include the 
transport of the treated waste. 
Actualisation data: 01.01.91 

ROUTE 

Route 

Route 

Route 

Route 

Route 

Route 

Table II 

ZH1 
ZH2 
ZR3 
ZH4 
ZH5 
ZH6 

ACTUALISED 
CAPITAL COST 

(MECU) 

25.364 

32.669 

31.114 

22.818 

21.947 

24.740 

ACTUALISED 
ANNUAL 
OPERATING 
COST 

(MECU a ) 

2.130 

3.288 

1.411 

1.614 

1.279 

6.452 

TOTAL PLANT 
COST FOR 30 
YEARS OF 
OPERATION 
(MECU) 

54.782 

78.080 

50.601 

45.109 

36.611 

113.849 

ANNUAL COST 
PER UNIT 
VOLUME 

(MECU a.in3) 

26.400 

37.600 

24.400 

21.800 

17.700 

51.000 

Actualised capital and annual operating costs together with the 
corresponding total transport cost for 30 years of operation and 
annual cost per unit volume of waste treated for the six 
Zircaloy hulls routes. 
Actualisation date: 01.01.91 

ROUTE 

Route ZH1 

Route ZH2 

Route ZH3 

Route ZH4 

Route ZH5 

Route ZH6 

ACTUALISED 
CAPITAL COST 

(MECU) 

3.536 

0.884 

0.000 

3.536 

2.316 

3.088 

ACTIIALISED 
ANNUAL 
OPERATING 
COST 

(MECU a ) 

7.402 

1.544 

5.209 

7.595 

1.675 

2.265 

TOTAL TRANS­
PORT COST 
FOR 30 a OF 
OPERATION 
(MECU) 

105.766 

22.208 

71.941 

108.431 

25.450 

34.370 

ANNUAL COST 
PER UNIT 
VOLUME 

(ECU/(a.m3) 

50.900 

10.700 

34.700 

52.300 

11.400 

15.400 
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COMPARISON OF WASTE MANAGEMENT ASPECTS IN DIRECT DISPOSAT, OF SPENT 
FUEL AND REPROCESSSING 

Contractor : CEN Fontenay-aux-Roses, CEA, France 
Contract No. : FI1W/0134 
Working period : January 1987 - December 1989 
Period covered : January 1989 - December 1989 
Project leader : 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. Three main management routes are considered: 
- immediate reprocessing of spent fuel after 3 years of cooling in 

ponds; 
- 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. 

B. Work programme 
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 up to 50 years in a 
plant whith a 600 MTHM/year capacity. The CEA study will only deal 
with the reprocessing option. The main items of the programme are as 
follows : 

2.2. 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 33,00 MWd/MTHM. 

2.3. Extended storage: 
This part takes into account two successive steps: the first one 
is the storage at reactor (AR) and the second one is a 
centralised storage (AFR = away from reactor). 

2.4. 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. 

2.5. Final disposal: 
Following the main scenarios, the conditioned waste arisings are 
classified in: 
- LLW for which the final storage is in shallow land burial; 
- MLW, which will be disposed of in geological formations; 
- HLW, which will be disposed of in geological formations after a 
cooling time of some years up to 50 years. 

2.6. Transport : 
The casks for transport of the conditioned wastes are those in 
use by COGEMA. 
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2.7. Cost evaluation; 
The cost data concerning the different scenarios will be composed 
of costs from existing facilities or estimated costs from various 
projects. 

2.8. Radiological impact: 
The radiological Impact to the public will be assessed In 
accordance with the methodology developed by CEA/IPSN. 

2.9. Sensitivity studies 
These will deal with variation of burn up (up to 45,000 MWd/t), 
variation of the size of the nuclear park, treatment of MOX 
fuels, variation of the disposal criteria and discharge limits 
(coastal and Inland sites) and type of packaging. 

C. Progress report and obtained results state of advancement 
Main parts of this study were performed in 1988 such as collection of 
the data base, extended storage, transport and sensitivity studies. In 
1989, all other parts were performed, including final disposal, cost 
evaluation and radiological impact assessment. 
The study is completed and the final report is being prepared. 

Programme and results 

2.2. Data base and waste Inventory 
This chapter was completed and reported in the 1988 Annual 
Progress Report. 

2.3. Extended storage 
Description of several types of fuel interim storage was reported 
in the 1988 Annual Progress Report. Complementary information 
has been given on the investment and operating cost of these 
installations. 

2.4. Liquid waste treatment scenarios 
The characteristics of effluents from liquid waste treatment were 
given for this data base and for extended storage assessment. 

2.5. Final disposal 
A description of final disposal of reprocessing waste has led to 
an estimation of the costs of main installations. Investment and 
operating costs have been evaluated. Low level reprocessing waste 
is disposed of by near Surface Disposal, which is used also for 
reactor waste. This installation was costed in the frame of the 
study of Reactor Waste Disposal. 

2.6. Transport 
This part was reported in the 1988 Annual Progress Report. 
Information has been added on cost estimation of transport of the 
whole reprocessing waste. 

2.7. Cost evaluation 
An estimation of all steps in the management of reprocessing 
waste, transport, interim storage and final disposal has been 
made. 

2.8. Radiological impact 
Impact of reprocessing waste disposal has been evaluated for low 
level waste or medium and high level waste. The peak dose for 
high level waste disposal is due to Np-237 and,has been evaluated 
a 1 micro Sv/year. The maximum appears at 3.10 years. 
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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; FI1V­0129 
Working period; November 1987 ­ April 1990 
Period covered ; January 1989 ­ December 1989 
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 sensi­
tivity 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 manage­
ment 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 

B.l Agreement of detailed study assumptions with CEC and other 
contractors; NRPB and BNFL. 

B.2 Provision of inventory data for discharges and solid wastes; BNFL. 

B.3 Estimation of costs for effluent treatment, vitrification, packaging, 
storage, transport and disposal: BNFL. 

B.4 Assessment of operational radiological impact on workers and the 
public; NRPB. 

Β.5 Assessment of post disposal radiological impact on the public: NRPB. 

Β.6 Sensitivity studies: NRPB and BNFL. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

Work on item B.l vas completed during the last reporting period. Work on 
items B.2 and B.4 is nov complete, and that on item B.5 is almost finished. 
The radiological impacts of routine discharges of liquid effluents during 
reprocessing, shallow land burial of lov level solid vastes, and deep 
geological disposal of intermediate level solid vastes, vitrified high 
level reprocessing vastes and spent fuel have been calculated. Vork on 
item B.3 is in progress. The contract vas extended for four months and nov 
finishes at the end of April 1990. 

Progress and results 

B.2 Provision of inventory data for discharges and solid vastes 

BNFL has compiled the inventory data for liquid and atmospheric discharges 
and for all the solid vastes. The radionuclide inventories have been 
checked for consistency vith those produced by CEA under another contract 
associated vith this project. 

B.3 Estimation of costs for effluent treatment, vitrification, packaging, 
storage, transport and disposal 

BNFL is compiling the cost estimates. 

B.4 Assessment of operational radiological impact 

The calculations previously carried out for operational impact of unit 
discharges of radionuclides in liquid effluents have been scaled by the 
BNFL inventory for each radionuclide, assuming discharges occur over 30 
years. The peak individual doses for the tvo sites considered, Cape de la 
Hague and Sellafield, vere practically identical except for Zr and Co, 
as in the previous calculations, because the same critical group habits are 
assumed. The integrated collective doses from the tvo sites varied as a 
result of the different seafood catch sizes close to the tvo sites. 

B.5 Assessment of post disposal radiological impact 

NRPB have calculated the radiological impact of disposal of lov level, 
intermediate level and vitrified high level vaste arising from the repro­
cessing of spent fuel and of direct disposal of spent fuel vithout repro­
cessing, using the BNFL inventory data. 

The lov level vaste vas assumed to be buried vi thin trenches at Drigg and 
the calculations vere based on a previous assessment of the Drigg site , 
but used an updated BIOS code for the biosphere modelling, vith a 
revised database for seafood consumption. The intermediate level vaste 
disposal assessment vas based on a hypothetical deep repository located in 
the clay formations under Harwell, and closely followed the assessment 
carried out by UK contractors for the PACOMA project . The vitrified 
high level vaste and spent fuel disposal assessments vere based on a hypo­
thetical repository in granite, as in the PAGIS project '. In all the 
solid vaste disposal impact calculations both radionuclide release and 
migration vith groundvater, and inadvertent human intrusion into disposal 
sites, vere considered. The results of the calculations are summarised in 
Tables 1 and 2. 
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Table 1 ­ Maximum Annual Individual Risks from Solid Waste Disposal 

Vaste 

LLV 

ILV 

HLV 

Spent 
Fuel 

Type 

migration 
intrusion 

migration 
intrusion 

migration 
intrusion 

migration 
intrusion 

Individual 
Risk (y 1

) 

1 
3 

1 
5 

2 
1 

2 
2 

IO"' 
IO"

6 

IO"
11 

10"
e 

10"
 9 

IO"' 

IO"
7 

IO"
7 

Time after 
Disposal (y) 

4 104 
800 

3 104 
100 

4 105 
100 

4 105 
100 

Notes 
1. Risks are those of contracting fatal cancer. 
2. Migration risks are per GV(e) y, intrusion risks are per repository. 
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Table 2 - EC and World Collective Doses («an Sv) fro» Solid Waste Disposal 

Integration Time (y) 

100 10J 10' 10' 10e 

EC Collective Dose 

LLW 0 
ILV 0 
HLV 0 

Spent Fuel 0 

World Collective Dose 

LLW 0 

ILW 0 

HLW 0 

Spent Fuel 0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0.02 

0 
0 

0 
0.7 
0 
0 

200 
0.1 
200 
8000 

200 
2 
200 
8000 

200 
3 
700 
2 104 

200 
30 
700 
2 104 

Notes 

1. Results are per GW(e) y. 

2. Collective doses less than 0.01 man Sv are reported as zero. 

41 



COMPARISON OF WASTE MANAGEMENT ASPECTS OF DIRECT DISPOSAL OF SPENT 
FUEL AND REPROCESSING 

Contractor : NUKEM GmbH, Alzenau, FRG 
Contract No. : FI1W/0138 
Duration of contract : August 1987 - November 1989 
Period covered : January 1989 - November 1989 
Project leaders ; 0. Mehling, H.J. Wingender 

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. The study includes an alalysis of the sensitivity of the 
results to variations in key assumptions, such as the time for which 
spent fuel is stored prior to reprocessing. The study follows the 
main basic scenario and its variations, as specified for the joint 
study (20 GWe reactor park consisting of PWRs, etc., . . . ) . 
This part of the joint project covers the direct disposal part of the 
comparison and mainly investigates following areas: 
- spent fuel storage in engineered structures with 3 options of 

preconditioning ((i) disassembled elements preconditioned according 
to the NUKEM/DWK-PAE process; (ii) disassembled elements 
preconditioned according to the DWK-process; (iii) disassembled 
fuel elements, rods cut and preconditioned according to the 
DWK-process; 

- conditioning for final disposal in a salt dome repository; 
- disposal of low and intermediate level wastes in the Konrad mine 

(including radiological consequences and criteria). 

B. Work programme 
2.2. Spent fuel storage and preconditioning 

a. evaluation of the basic data; 
b. determination of the storage phase prior to the 

preconditioning; 
c. determination of the preconditioning process (3 options); 
d. determination of the interim storage phase after 

preconditioning. 
2.3. Conditioning for final disposal 

- process flow and handling schemes, building structure, 
equipment, staff, media supply, secondary wastes 
characteristics; 

- costs of .building.» equipment and operation; 
- safety parameters (according to 2.2.C.). 

2.4. Disposal of LLW and MLW 
- comparison of waste characteristics with Konrad acceptance 

criteria; 
- mine structure and handling scheme, equipment, staff, material 

supply; 
safety parameters (occupational exposure, effluents, 
incidents, long term safety. 
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C. Progress of vork and obtained results 
State of advancement 
In a supplementary work programme item 2.3. and item 2.4. were 
examined and evaluated in a more detailed way. 
The study has been completed according to the time schedule. The 
final report has been supplied to the Commission. 

Progress and results 
2.2. Spent fuel storage and preconditioning 

The areas covered are : a first Interim storage phase of spent 
fuel, three options of preconditioning processes, and a second 
interim storage phase. 
No substantial difference in secondary waste arisings for each of 
the three conditioning options were found. Options 3, which 
involves size reduction of the fuel rods by cutting resulted in a 
larger annual aerial effluent discharge than options 1 and 2. 
Potential incidents and consequences as a result of operations 
were also found to be similar for the three conditioning options. 
The total annual radiological exposure of personnel does not vary 
significantly for each of the three conditioning options. 
Due to the significantly larger storage requirements (second 
interim storage) for conditioning option 1 and 2 the capital cost 
of the conditioning plant were found to be ca. 15Z higher than 
for conditioning option 3. Option 3 involves higher operating 
costs than options 1 and 2 but the plant is in operation for a 
shorter period. The capital costs include a supplement for the 
costs for subsequent decommissioning of the plant. 
Total transport costs and dose commitments were not found to vary 
significantly for options 1 to 3. 

2.3. Conditioning for final disposal 
Final conditioning of spent fuel for disposal in a salt dome was 
examined. Two forms of salt dome respository were considered; 
the difference relates to the storage method used: storage in 
drifts for the FDC's (FDC - final disposal container) produced by 
conditioning options 1 and 2, and storage in bore holes for the 
FDC's produced by conditioning option 3. The underground space 
requirements were not found to vary significantly for the three 
options. Handling schemes for the two options do however vary. 
For option 3 the FDC's require the use of a shielding flask for 
transport to the final disposal position whereas for options 1 
and 2 shielding is provided by the robust FDC itself. 
Due to the preliminary layout of the repository, it was not 
possible to derive detailed costs for the two alternative 
repository forms or conditioning options. 
Dose commitments, effluent discharges and potential incidents 
were not found to vary significantly for the various conditioning 
options/salt dome repository types. 
Due to the uncertainty in the cost estimates, in particular the 
disposal cost estimates, the variation between the three 
conditioning options examined is not considered as being 
significant. The specific costs for the direct disposal strategy 
considered are estimated to be around 700 ECU/kg HM (basis 1988). 
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2.4. Disposal of LLW and MLW 
The secondary waste arisings from the conditioning plant were 
similar for each of the conditioning options and consequently the 
corresponding disposal costs and safety parameters were of a 
similar nature. The activity levels of the secondary wastes were 
well within current preliminary waste acceptance criteria. With 
the application of a 23 year cooling period for the 400-1 drums 
containing the fuel element end pieces and structural parts, it 
was found that these wastes would also meet the current 
acceptance criteria. 
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COMPARISON OF WASTE MANAGEMENT ASPECTS OF DIRECT DISPOSAL OF 
SPENT FUEL AND REPROCESSING-

Contractor 
Contract No 
Duration of Contract 
Period covered 
Proiect Leader 

YARD Ltd 
FI1W/0133 
September 1987 to March 1989 
January 1989 to December 1989 
Κ A Ware 

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, transport, 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.l Evaluation of radiological and economic impacts. 
IL2 Development of a model for investigating trade-offs. 

C. Progress of Work and Obtained Results 
State of advancement 
A model to assist with the comparison of waste management aspects of direct 

disposal of spent fuel and reprocessing has been developed. The model has been 
designed to allow the rapid comparison of different waste management scenarios for 
direct disposal and reprocessing. The model runs on IBM PCs and compatible 
machines. The model, documentation and user guide have been delivered to the CEC. 
The program of work for this contract is now complete. 

Progress and results 
A computer model of the waste management aspects of direct disposal and 

reprocessing of spent fuel has been developed. The model called CODDAR 
(Comparison Of Direct Disposal And Reprocessing) calculates the costs and 
environmental impacts from storage, processing (pre-conditioning and conditioning 
for direct disposal or reprocessing), transport and disposal. The options that are 
modelled are shown in the schematic diagrams in figures 1 and 2. 
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The model can be used to investigate the impacts of a waste management 
scenario. The inventory for the spent fuel and the unit costs and impacts for the waste 
management options being considered, are entered. The model will then calculate the 
total costs and impacts for the scenario. These costs and impacts are combined through 
the multi-attribute hierarchy shown in figure 3. The costs and impacts at each level of 
the hierarchy are weighted and summed to give the impact at the next higher level. The 
impact at the top of the hierarchy gives an overall measure of the impact of a direct 
disposal or reprocessing scenario. 

Sensitivity analysis can be performed easily using the model. The effect of 
changes to the inventory and the waste management options can be investigated by 
defining a new input data set. The effects can be displayed graphically by producing 
histograms of the costs and collective doses. Reports can be produced which give a 
description of the data sets used in the scenario and a breakdown of the costs and 
impacts for the scenario. 

The model has been developed around a database so that it can be easily updated 
in the future. New fields could be added to the database to record extra information if 
required. The model could also be updated to produce new graphs and reports. 
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DERIVATION OF WEIGHTING FACTORS FOR COST AND RADIOLOGICAL 
IMPACT FOR USE IN COMPARISON OF WASTE MANAGEMENT METHODS 

Contractor: National Radiological Protection Board, Chilton, Didcot, 
UK 
Contract No. : FI1W-0128 
Duration of contract : 1 August 1987 - 30 June 1990 
Period covered : 1 January 1989 - 31 December 1989 
Project leader : S.F. Mobbs 

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. 

Β. 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. 

49 



PROGRESS OF WORK AND OBTAINED RESULTS 

State of Advancement 

Stages 2.1 and 2.2 of the project were completed in the previous 
reporting period. 

In respect of stage 2.3, three questionnaires have been developed. 
These are designed to obtain weighting factors for seven attributes 
relevant to decisions on waste management options. The questionnaires 
present technical information on the consequences of 12 different waste 
disposal options, and obtain the information on the weighting factors both 
by direct and indirect methods. A survey of about 700 people, representing 
a spread of public opinion (eg nuclear industry workers, general public) 
has been completed, using a combination of group sessions and individual 
interviews. The results from this survey are presently being analysed and 
a report on this work is in preparation. The weights derived from the 
survey will be used in an example comparison of waste management options. 

Due to the time required to undertake the survey, the contract has 
been extended by 6 months to end on June 30th 1990. 

Progress and Results 

2.3 Development of the Methodology 

In the previous reporting period seven attributes were identified for 
which it was hoped to obtain weighting factors, and the consequences of 12 
waste disposal options (6 for reactor decommissioning wastes and 6 for 
vitrified high level waste) had been calculated. During this reporting 
period, questionnaires based on these attributes and the supporting 
technical information were developed and the full survey carried out. 

In developing the questionnaires, it was decided to concentrate on 
psychological approaches and to examine several possible measurement 
methods. The results from the different methods could then be compared 
with one another, both within and across different samples of respondents 
(eg those employed in the nuclear industry compared with the general 
public). The types of variation in the measured weights which were 
considered most useful to assess included: 

a) sample characteristics, including age and sex, industrial experience, 
'green' membership, and pro-anti nuclear attitudes 

b) experimental design (eg ordering of questions, level of information 
provided) 

c) types of measure: conventional scales (0-9), direct relative weighting 
of attributes, and derived weights from disposal option preferences 

In order to achieve this, three different forms of questionnaire were 
devised. The first (Option preferences') required respondents to 
indicate, directly, the acceptability of various waste disposal options on 
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a scale of 0-20. To help them achieve this, they vere given relevant 
information concerning the consequences (both radiological and monetary 
cost) of each of the disposal options. Values for the implied relative 
weights for each attribute may be obtained from the responses using 
regression analysis. 

The second questionnaire ('direct weighting') required respondents to 
weight the seven attributes directly. To enable respondents to try out 
different weighting schemes, a metal clipboard with 21 magnetic counters 
was used; respondents could allocate as many counters as they liked (up to 
21) to each attribute, and alter the spread between attributes until they 
were satisfied with the relative weightings. 

The design of the first two questionnaires inevitably implied a 
complex and time-consuming task for participants. This was warranted 
because of the complexity of the issues involved and the fact that 
information from simpler 'opinion poll' designs already exists. However, 
the importance of sampling from the full range of views was also 
recognised, and therefore, the need to interview large numbers of 
respondents. This would not be possible using the first two questionnaires 
and so a third, more straightforward questionnaire was developed. This 
included questions concerning respondents' general attitudes as well as 
specific questions on the disposal options. It also enabled respondents to 
list factors, other than the seven identified in the study, which they 
considered important for decisions on waste disposal. Using this 
questionnaire, comparisons of sample characteristics could be made, and, in 
addition, the value of implied weights from this questionnaire could be 
compared with those obtained from the more complex questionnaires. 

Following pilot studies, during which the questionnaires were amended, 
a full survey was carried out. Respondents were asked either to complete 
all three questionnaires, or just the third. For those completing the 
first two questionnaires, a record was kept of the order in which they were 
asked to complete them. In addition, some respondents were told what each 
disposal option was, whilst others were only provided with technical 
information on the consequences. The influence of these factors on the 
implied weights will be analysed. 

A commercial company was contracted to interview 450 individuals (from 
a wide range of backgrounds) using the third questionnaire. The first two 
questionnaires (together with the third) were mainly administered to groups 
of individuals, selected from different sectors of society (eg nuclear 
industry workers, pressure groups, general public). About 240 respondents 
were obtained for these. 

The questionnaires were met with a good response, and all respondents 
successfully completed them. The results of this survey are now being 
analysed. A report on this work is in preparation and will be avaliable by 
the end of the contract period. 
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ACCOUNTING METHOD FOR RADIATION DOSES DITE TO LONG-LIVED NATURAL 
RADIONUCLIDES AND DAUGHTERS 

Contractor : Dornier GmbH 
Contract No. ? FI1W/0136 
Duration of contract : October 1987 - March 1989 
Period covered : January 1989 - March 1989 
Project leader : Armin-Dietmar Karpf 

A. Objectives and scope 
The study was aimed at developing a method - to evaluate radiation doses 
occurring in the very far future from possible current fuel and waste 
management 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 
mankind. 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 
distant future the latter should also be taken into account when 
assessing future doses. 

As no absolute scales exist for the effects of radioactivity to man, 
one always has to resort to a comparison with some natural source of 
radioactivity. 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 
radionuclides 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 
one has to turn to collective ones. 

B. Work programme 
i. Assessment of natural scenarios: Abundance of natural 

radionuclides, mechanisms of deposition, mechanisms of 
mobilisation, pathways to population and collective doses, future 
development, validation. 

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 
comparison. 

iv. Time display of annual collective doses and comparison. 
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C. Progress and results 
A method to evaluate radiation doses occurring In the very far future 
from current nuclear fuel production and waste management practices 
has been developed. The method may be applied to conpare possible 
nuclear fuel and radioactive waste management schemes; here, it has 
been used mainly to evaluate the additional radiological impact from a 
global nuclear power production programme as compared to exposure to 
natural radionuclides in undisturbed formations. 

The main results of this study are that the highest possible Increase 
of the radiological impact of natural uranium and decay products 
through anthropogenic activity is around 17. This additional impact 
is of the same order of magnitude as the non-uranium-related natural 
background exposure. 

The final report is available as report EUR 12509 from the Office of 
Official Publications of the EC at Luxembourg. 
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T A S K No 2 

IMPROVEMENT OF RADIOACTIVE WASTE TREATMENT 

AND CONDITIONING TECHNOLOGIES 
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TASK Ν. 2 

2.A. WASTE FROM LIGHT WATER REACTORS 
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IMMOBILISATION IN CEMENT OF ION EXCHANGE RESINS ARISING 
FROM THE PURIFICATION OF REAGENTS USED FOR 
DECONTAMINATION OF REACTOR CIRCUITS. 

Contractor: UKAEA - AEE Winfrith, UK 
Contract No:. Fl 1W 0006 UK(H) 
Work Period: January 1989 - July 1989 
Project Leaders: 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 Metal Ion 
reagents (LOMI) have been used to decontaminate the 100 MW(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 crosslinked 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. 
B.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. 

B.5 Investigate the effect of additives to improve the 
properties of the cemented product. 

B.6 Examine the properties of active cemented ion exchange 
resin using the ISO leach test. 

B.7 Establish waste volume reduction factors. 
B.8 Compare and contrast methods used by other LWR Operators 

in Europe for decontamination of their reactor circuits 
and disposal of the solutions. 

B.9 Establish a satisfactory process flow sheet for 
encapsulating ion exchange resins in cement. 
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C. STATE OF ACHIEVEMENT 
Previous work has shown that Purolite C100 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 produced from a 9 to 1 blend of ground granulated 
Blast Furnace Slag (BFS) and Ordinary Portland Cement (OPC) 
containing 28% ion exchange resin in the water saturated form. 
If 6% Microsilica is added to the blended cement the waste 
loading can be increased to 36 w/o. Results obtained from 
testing small scale samples show that acceptable products can 
be produced. Recent work has shown that various types of anion 
resin have no adverse effect on the properties of the cemented 
waste. 

This work has now been scaled up to show that 200 litre 
monoliths of cemented ion exchange resin (mixed anion and 
cation) can be produced. These samples exhibit acceptable 
compressive strengths and dimensional stabilities. Destructive 
examination has shown that these samples are homogeneous and 
monolithic. A number of samples have been stored under water, 
this appears to have no detrimental effect on the dimensional 
stability and elastic modulus of the product when compared to 
samples stored in air. Finally, leach test work has been 
initiated using waste ion exchange resin treated with LOMI from 
the reactor at Winfrith. This work has been performed in 
accordance with the ISO leach test procedure. 

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 decontamination agent 
LOMI. Using a strong cation exchange resin like Purolite C100, 
most of the activation products, eg, 59Fe, 51Cr, 54Mn, 6SZn and 
•°Co, plus the vanadium from the LOMI and some of the fission 
products 137Cs and 90Sr, can be removed from solution. Results 
also showed that some of the picolinate and formate from LOMI 
were also trapped in the resin. 
DETERMINATION OF ION EXCHANGE RESIN LOADING 

Previously reported data (1) expressed resin loading, in 
terms of 'damp' resin containing 30 w/o free water. Damp resin 
loadings of 50% by weight were achieved. In this report, resin 
l o a d i n g s are expars swefier- s a tur a t ed ma(tnacr iêfLee 
water). In this case, 36 w/o water-saturated resin loading is 
equivalent to 50 w/o damp resin loading. The use of oven dried 
resin loading was considered to be unrealistic. 
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IMMOBILISATION OF ANION EXCHANGE RESIN IN CEMENT 
Previous work has shown that cation exchange resin in 

the sodium form can be successfully immobilised in blended 
cement. The formulation derived for cation resins was used as 
a starting point for work on anion resin. 

Two different anion resins were tested. Both were 
polystyrene polymer crosslinked with divinylbenzene, A400 
containing the functional group - (CH3)3N+, A200 containing the functional grout - (CH3)2 (C2H4OH)N+. A number of small scale mixes were undertaken using a 
9:1 blend of BFS and OPC with a waste loading of 36 w/o to 
examine the effect of anion resins on the compressive strength, 
dimensional stability and elastic modulus of the cement 
matrix. 

All products appear to have satisfactory long-term 
properties with all the samples being intact with no sign of 
physical deterioration. Results of compressive strength and 
dimensional stability measurement show that there is little 
difference between cemented products containing anion or cation 
resin. 

The conclusion of this work is that the inclusion of 
anion resin into cement does not appear to have any detrimental 
effect on the physical properties of the product. 
IMMOBILISATION OF MIXED RESINS IN CEMENT, LARGE SCALE 

If this process is to be used commercially it has to be 
demonstrated that the process can be scaled up to at least 200 
litres. A scale of 200 litres was chosen for reasons of 
convenience and economics. At present 500 litre packages are 
the preferred size for disposal of intermediate level waste in 
the UK, with scale-up from 200 litre to 500 litre not expected 
to cause any problems. 

Two 200 litre mixes (88/035 and 88/067) were prepared 
using the in-drum mixing technique by adding 109 kg BFS, 13 kg 
OPC and 7 kg microsilica to 105 kg of mixed ion exchange resin 
suspended in 65.4 kg of water (waste loading 36 w/o water-
saturated resin) . The powders were added to the resin at a 
rate of 15 kg/min with a paddle speed of 80 rpm. 

Both mixes were set within 24 hours and produced no free 
water (bleed). Mix 88/035 was fitted with thermocouples and 
vibrating wire strain gauges to monitor the properties of the 
200 litre block. The thermocouples showed a temperature rise 
from 18°C to 25CC over the first 36 hours followed by a slow 
return to room temperature. The vibrating wire strain gauges 
showed that the matrix expanded slightly over the first 2 days 
followed by a slight shrinkage. After 180 days the gauges 
showed an average shrinkage of 100 microstrain. This·compares 
to a slight expansion of 80 microstrain observed for prisms 
cast from the mix. These results show that there is little 
significant dimensional movement in the first 180 days for 
these cemented ion exchange resin formulations. 

Mix 8 8/0 67 was sectioned and cored after 90 days; 
sectioning showed that the mixing process produced a 
homogeneous product with no cracks. The cores produced were 
trimmed to standard length and crushed to determine compressive 
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strength or tensile strength. The values obtained were in 
close agreement with those obtained for cast samples from the 
same mix. Further tests on samples up to 180 days have 
produced no evidence of sample deterioration (2). 
UNDERWATER TESTING OF CEMENTED RESIN 

Concern has been expressed about the stability of 
cemented ion exchange resin when stored underwater for long 
periods of time. To examine this effect the dimensional 
stability and elastic modulus of a number of samples stored 
underwater was periodically measured. When these results were 
compared to those obtained form samples stored in the normal 
way, no significant differences were observed. 
ISO LEACH TESTING OF CEMENTED ION EXCHANGE RESIN 

If the cementation of ion exchange resin is to be 
accepted as a suitable process for the long-term storage of 
radioactive waste, it must be possible to show that it impedes 
the flow of radioactivity into the biosphere. To demonstrate 
this, samples of ion exchange resin treated with LOMI solution 
from the reactor at Winfrith were immobilised in cement and 
leach tested. 

Incremental leach rates were determined using the ISO 
method (3) on cemented ion exchange resin contaminated with 
spent LOMI from the reactor at Winfrith. As expected, 
incremental leach rates for 60Co fell rapidly over the first 28 
days from 5.53 χ 10"* to 2.68 χ 10"β cid"1 for the sample with 
the highest waste loading; from 28 to 259 days only a slight 
decrease in the incremental leach rate was observed. This 
behaviour is expected as the sample reaches equilibrium with 
the leachant. 

The determination of cumulative fraction of 60Co leached 
(see Fig 1) indicates that approximately 0.2% of the total 60Co 
present has leached out of the sample after 259 days. This 
demonstrates that most of the eo

Co is not easily removed by 
leaching. 
REFERENCES 
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Immobilisation in Cement of Ion Exchange Resins arising from 
the. Purification of Reagents used for the Decontamination of 
Reactor Circuits. Third Semestrial report, July - December 
1987. AEEW - M 2513. 
2. C. G. HOWARD, C. Β. JOLLIFFE, D. J. LEE. 
Immobilisation in Cement of Ion Exchange Resins arising from 
the Purification of Reagents used for the Decontamination of 
Reactor Circuits. Fourth Semestirai Report, January - June 
1988. AEEW - M 2536. 
3. Long-Term Testing of Solidified Radioactive Wasteforms, 
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THE TREATMENT OP RADIOACTIVE EFFLUENTS OP PWR ­ NUCLEAR POWER PLANTS 
BY CENTRIFUGATION 

Contractor : Laborelec (Belgium) 
Contract N° : FI 1 W ­ 0007 ­ Β (GDF) 
Duration of contract : 36 months (from June 1. 1986 to May 31. 1989) 
Proiect leader : R. Roofthooft 
Fourth annual report (1988) : period from January 1 to May 31, 1989 

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 flocculation and settling system in the nuclear station of 
Chooz. 

The centrifugation should lead to a more compact system. Before the 
centrifugation a batch type flocculator 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 Co­58 and C0­60. 
B.3 Characterisation of the floes. 
B.4 Influence of chemical composition on the flocculation. 
B.5 Centrifugation tests. 
B.6 Determination of the optimal conditions for a continuous centrifugation 

system. 
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 the first semester of 1989 the study has been brought to an end by 

semi­industrial testing of the process developed in the previous years. 
A comparison has also been made with other procedures developed by the 

UKAEA. 
The second semester 1989 has been used for final reporting. 

Progress and results 
During the tests on the pilot plant different parameters have been exa­

mined : 
­ flow rate of the centrifuge 
­ concentration of polyelectrolyte 
­ effect of a delay line 
­ time between openings of the bowl 
­ quality of the supernatant between the openings 
­ opening and closing time of the bowl. 

Turbidity measurements have been improved. 
The tests have shown that the efficiency of the centrifuge (suspended 

solids and activity) is hjgher than 95 %. 
The centrifuge should be operated at flow rates above 400 1/h to avoid 

deposits of suspended solids. 
The time between 2 openings of the bowl is calculated by the formula : 

T = V χ 6 χ 100 
Q · cMS 

V = volume of the bowl 
Q = flow rate 

C
MS = concentration of suspended solids 

Normally the percentage of solids is measured by décantation. The 
tests have shown however that they can be measured by a lab centrifuge in a 
2 minute test at 5400 rpm. 

A polyelectrolyte has to be dosed to obtain good results (about 1 ppm 
is sufficient). 

A delay line improves the decontamination factor. 
The water quality decreases slightly after an opening of the bowl. 
During continuous testing it has been shown that the injection of poly­

electrolyte is essential for the efficiency of the system. 
The sludge has also been measured from the point of view grain size. 

Fig. 1 and 2 show the results before and after centrifugation. 
The activity distribution in the effluent before and after treatment is 

shown in fig. 3 and 4. 
The balance of a treatment is shown in table I. 
The results of comparative testing are shown in table II. 
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Table I : Summary of a treatment 

Volume of effluent 33 a3 

Total γ­actlvity 74 MBq/«3 
Β = 688 ppm 

Τ 

Γ I 
Evaporation 

1 CF m a x ­ 73 | 

Flocculation 
8.4 kg Fe2(S04)3XH20 

1,8 kg Ca(OH)2 
15 1 NaOH 

concentrate 452 1 
50.000 ppm Β 

Polyelectrolyte 1 ppm 

I 
I Centrifugation 

Effluent 32,67 m3 

Β 688 ppm 
Tot γ­actlvlty 

5.5 MBq/m3 

300 1 of sludge 
Cone, factor 100 

γ­activity 17.000 MBq/m3 

Static settling 

Γ ! 
_ Decanter with 

| horizontal axis| 

r 1 
17 1 of sludge 

| Dry material 30 % 
CF = 1940 | 

125 liters 
Dry material 4 % 
Irradiation 2 mS/h 

CF =· 264 
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Table II : Comparison of different procedures 
Results in MBq/m3 

Isotope 

se
Co 

«°Co 
54
Mn 

"Nb 

«
5
Zn 

»
s
Zr 

134
Cs 

13
»Cs . 

1 31 J 

4 0 K 

Effluent 

18,1 

24 

2,8 

5,9 

0,6 

2,8 

UKAEA procedure 
precipitation + UF 

0,04 ­ 0,87 

0.018 ­ 0,2 

0.0006 ­ 0,11 

0,023 ­ 0,044 

0,14 ­ 0.34 

ÜKAEA procedure 
EIX (1) 

LE procedure 
centrifugation 

0.23 

0,06 

0.02 

0.02 

0,04 

0,03 

0,18 

(1) DF m a x on total γ activity 375 
Detected isotopes are seCo, *°Co, S4Mn. 9SNb, «sZn, 40

K 

­66­



REPARTITION MAT. EN SUSPENSION 
ENTREE CENTRIF.6 (31.01.89; 13h30) 

>8iicron 86.IX 

.22-.45 Bicron 3.IX 
.45-1.2 Bicron 3.4X 
2-5 iicron 3.4X 

5 - 8 «icron 4X 

Figure 1 

REPARTITION MAT. EN SUSPENSION 
SORTIE CENTRIF. 11 (31/1/89; 13h30) 

>8 Dieron 68.2X 

.22-.45 Bicron 1.9X .45-1.2 aicron .6X 

1.2-5 Bicron 7.6X 

5 - 8 aicron 21.7X 
Figure 2 
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EFFLUENT A TRAITER 
TEU Β14 AVANT FLOCULATION 

Co-58 43% 

1-131 1.25! 

tì-W :"S 
Zn-65 3.IX 

Nb-95 2.IX 

Mn-54 6.8% 

Co-60 42.3% 
Figure 3 

SORTIE CENTRIF.HYDR0C0LL.5 
REPARTITION DES ISOTOPES 
1-131 20.4% 

" ' L.1X 

Co-58 

Cs-134 8.9% 

Figure h 
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TITLE; "Cement solidification of spent ion-exchange resins arising at 
nuclear power plants". 

Contractor; CIEMAT, Madrid, Spain. 
Contract N«; FI1W/0142. 
Duration of contract: From September 87 December 89. 
Period covered; January - 89 - December - 89 
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 incor­
porated. 

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, 
pressure 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 

C.3. Dewatering experiments. 
Hydration and dehydration tests of DUOLITE ARC 9351 resin have 

been realized with different techniques, vacuum filtration, pressure 
filtration, heating, adding hydrophobe substances and irradiation with 
microwaves. Also, hydrated and dehydrated resin have been add at the 
end of the cement immobilization tests to study the feasible influence 
of order mixture on the final samples. 

C.4. Properties of various resins-cement mixtures. 

Cement immobilization test with DUOLITE MB-200 powder resin have 
been realized. Virgin and saturated resin with Li3B0_ has been used. 
Water/cement 0,5 ratio and resin/cement 0,08 ratio have been studied. 

Cement immobilization of powder resins gives worse results that 
bead resins V-35 and blast furnaces cements give good results for the 
immobilization of powder resins. 

Two cements are been selected (P-350Y and bist furnace cement) 
for the immobilization of bead resins. 

C.4.1. Compressive and ̂ flexion strength. 

Ca solutions have been used to try improve water immersion 
stability of DUOLITE ARC 9351 satured with Li+, when this resin is 
immobilizated with P-350Y cement. 

C.4.2. Fluidizes adition. 

Two new fluidizing agents (Sikament and Reoplast) have been stu­
died to obtain samples with better characteristics and to increase 
the amount of immobilized resin. 

2.4.3. Water immersion. 

Test speciments obtained using V-35 cement and powder resin . 
P-350Y and blast furnace and bead resins were immersed 28 days in water 
after 28 days of curing time. Chemical compositions of water has been 
studied. 

Figures 1 and 2 show compressive strength values for resins 
satured with several ion and the influence of water immersion on 
compressive strength for some kind of samples. 

C.4.4. Hydration heats. 

Hydration heats have been determined for mixtures of four 
cements and three resins with different water content: 

70-



C.6. Freeze/thaw stability. 

Performance tests in function of thermal cycles have been reali­
zed with different mixtures of four cements of three resins used on 
this project. 

C.7. Leaching tests. 

Mixtures P-350Y and blast furnace cements with DUOLITE ARC-9351 
resin saturated and labeled with Cs-137, Co-60 and Sr-90 have been 
studied. Figures 3 and 4 show the leaching tests of Cs-137 and Sr-90. 

Also has been studied the leaching of mixtures V-35 and blast 
furnace cements with DUOLITE MB-200 resin satured and labeled with 
Cs-137, Co-60 and Sr-r90. 
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CONDITIONING OF ASHES FROM COMBUSTION PLANTS TN 
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. - 31.12.89 
Proiect leader : B. Ganser / R. Lang 

A. OBJECTIVES AND SCOPE 
Ashes from nuclear combustion plants are actually 

treated by cementation or they are shipped directly to 
intermediate storage without conditioning. 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 disposal. 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 
4. Performance of full scale test 
5. Documentation 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of advancement; 

Within the first half of 1989 we completed the work 
for our contract. The experiments with the LINN-furnace 
could be performed and the results were used for the 
technical conception of a "hot" facility. 
For the completion of our work the results for the entire 
project are summarized as follows. 

Progress and results; 
In this project we developed a melting process for 

radioactive ashes. For this a literature survey was 
performed to define the state of the art of the melting 
technique and to get actual data about ash compositions. 
Based on this results the in-can-melting-process was 
elected for further development. 
Based on the literature data of ash compostions inactive 
simulates were compiled and mixed. Additives for melting 
point reduction (net work formers and - transformers: 
Na2B¿07, B203, Na2C03, Na3Po¿, glass frit) were systema tically investigated. An addition of 50 % by weight of 
Na2B407 (concerning ash weight) was found to be sufficient for the melting of all used simulates at 1000° C, only 
30 % at 1300° C. Samples of these products were investi­
gated for their leach resistance of waste elements (Cs, 
Co, Eu etc.) and matrix elements (B, Al). They showed 
similar low leach rates like vitrified HAW. 
With two different melting furnaces full scale melting 
tests were performed. The Naber-furnace showed sufficient 
technical operation, but the products had partially 
unhomogeneous surfaces because of a significant tempera­
ture gradient. In the opposite the products of the LINN-
furnace showed an excellent homogenity, but the technical 
function was unsufficient and susceptible. Some products 
created acid off gases during the melting. An alkaline 
particle deep bed filter was necessary. The homogeneous 
products showed leach rates like the lab products (De for B: E-17 up to E-19 m*/s), compressive strenghts of 65 -
160 N/mm1, porosities of < 0,2 Vol.% (vitrified products) 
respective 5 - 3 0 Vol.% (others). 
Based on the experiments a concept for a "hot" facility 
was designed. A cost estimation showed for the melting 
process prices of about 19 DM/kg ash compared with 
15 DM/kg ash for cementation and highforce compaction. 
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TASK Ν. 2 

2.Β. WASTE FROM REPROCESSING PLANTS 

PLUTONIUM FUEL FABRICATION PLANTS 

AND RESEARCH CENTRES 
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EVALUATION OF MATRICES FOR INCINERATOR ASHES 

Contractor : CEA 
Contract n° FI1W/0005 
Duration of contract : from 01.06.89 to 30.06.90 
Period covered : January 89 to December 89 
Project leader : C.J. KERTESZ 

A. OBJECTIVES AND SCOPE 

In order to qualify a solidification process for χ incinerator 
ashes coming from solid burnable wastes of a MOX fuel fabrication plant 
the embedding properties of three matrices have been checked. These 
matrices are : 

1) A cement containing blast furnace slag and flying ashes. 
2) An epoxide resin. 
3) A polymer ­ cement compound. 

The goals of the project are the following : 

­ definition and choice of the best « embedded waste form, for the 
obtention of a long term resistant =< packaging according to the 
criteria defined by ANDRA, responsible in France of waste storage 
and disposal, 

­ study at the laboratory scale, giving the main characteristics of 
the different <x incinerator embedded forms, 

­ conception, design and starting up of a pilot plant, allowing to 
make the transposition tests from the laboratory study to the 
industrial scale. 

B. WORK PROGRAMME 

Started in 86, the studies relative to our contract contain several 
steps : 

1) Formulation study, at the laboratory scale. Determination of 
the feasibility field for ash embedding in a cement, in an epoxide, in 
a cement­polymer matrix. This work is made with non radioactive waste. 

2) With real active <x. incinerator ashes, fabrication of 3 samples 
embedded in each considered matrix : 1 year leaching test, for 
plutonium release evaluation : sample scale 100 ml. 

238 3) Fabrication of special samples containing a high Λ activity of 
Pu : these samples were made with 2 objectives : 

­ an A radiolysis study, with radiolytic gas identification and 
measurement, 
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­ a leaching test for the evaluation of the combined effect of 
water immersion and °c radiolysis. 

4) Confirmation of the behaviour of the best choosen embedded 
form : change of the sample volume (from 100 to 400 ml), fabrication 
of a serie of samples : Leaching test. 

5) Starting up of a pilot plant, allowing the producing of 200 1 
incinerator ash embedded form. 

For the considered period of time, i.e. from July 87 to June 88, 
point 3 and part of point 5 were reported. 

C. PROGRESS OF WORK AND RESULTS 

STATE OF ADVANCEMENT : 

­ Leaching test on Λ irradiated samples : 

A 1 year leaching test has been done on 100 ml samples, doped 
with 238 plutonium dioxide. 

The date on these samples are the following, A activity of the 
embedded ash forms : 

Cement 1.7 Ci (1.10
4 Ci.t­1

). 
Epoxide 3 Ci (2.1 10 Ci.t ) 
Epoxide cement 3.3 Ci (2.10 Ci.t" ) 

One of the main results is the fracture of the cemented ash form 
after 180 days of water immersion (*cintegrated dose 5 10 rad). The 
two other embedded forms do not show any failure at the same time : 
after 1 year of water leaching these two forms save their integrity. 

The characteristical data, gained after this 1 year leaching test, 
i.e the cumulated released .fraction L_ and the leaching rate E^, and 
the (expressed in g.cm .d ) are shown in the following table : 

Leaching results Cement Epoxide Epoxide ­ Cement 

S 
«ML 

360 

360 f. , cm 
­? 

.d 
­1 

broken 
(180 d) 

1.2 

4 

10 

10 

­3 

­6 
2 

1 

10 

10 

­4 

­6 

­81 ­



Radiolysis gas study : 

On the same kind of 238 Pu doped samples a radiolysis study has 
been done : the samples were placed in tight stainless steel 
containers, under argon atmosphere, and the radiolytic gas flow was 
measured by sampling of the inert atmosphere once a month during 1 
year. 

. Integrated dose : q 
cement 1 10q rad 
epoxide 2 10_ rad 
epoxide-cement 2 10 rad 

. Number of samples : 
2 for each embedded form 

. Volume of the samples : 100 ml 

. Gas flow analysis (gas chromatographv) 

Embedded form Gas volume in ml (t = 1 year) 

F2 02 N2 CH4 CO 

Epoxide 315 80 41 - 11 
Epoxide-cement 380 - 15 10 50 
Cement 599 208 12 

Observations : 

After this 1 year test under inert atmosphere, the following visual 
observations were made : 

. epoxide samples : 2/2 - are without any apparent damage. 

. epoxide-cement samples - 2/2 - idem. 

. cement samples - 1/2 - show some fractures. 

- Mechanical resistance evolution of X irradiated samples. 

A compression test was performed on one of the two oí irradiated 
embedded forms. The results of this experiment were compared to those 
obtained before Λ irradiation. 

Embedded ash form 

Cement 
Epoxide 
Epoxide cement 

Without o( 
irradiation 

22 MPa 
125 MPa 
64 MPa 

After 
irradiation 

30 MPa 
> 200 MPa 

60 MPa 

dose 

1.5 10? 
3 10* 
2.5 10* 

N.B. The test has been performed 1.5 year after the fabrication. 
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­ Water immersion behaviour : 

Using the leaching test samples, allowed to measure the influence 
of the water immersion on each embedded ash form. 

a) Samples made with Λ bearing ash (activity « 50 Ci.t ) 
For three embedded forms, and for each sample, metrology measu­

rements were done ■ no change either in height or diameter was 
observed. 

b) Samples doped with 238 plutonium dioxide 
On epoxide samples, and on epoxide cement, the samples do not show 

any variation of their dimensions : on the other hand, the cemented ash 
form was broken. After 1.5 year, 40 7, of the total weight is divided 
in less than 1 cm3 pieces. 

­ Leaching test on sample, after radlolysls test. 

This 90 d leaching test was launched in the second semester of 89. 
The results will be shown at the beginning of 90. 

­ Full scale teste on 100 and 200 1 packagings on the PICC (pilote 
de conditionnement des cendres d'incinérateur). 

Several embedding campaigns were done in order to define : 

. The final operating mode of fabrication of the 100 and 200 1 
embedding ash form by the epoxide cement process. 

. L0F0X epoxide and INJEPOX epoxide products were compared. 

. Cleaning tests of the GUEDU mixer were performed allowing to 
determine the right chemical to be used and also to choose a high 
pressure cleaning device. The mixer is now being equipped with a 
BARTHOD high pressure pump giving satisfactory results. 
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TREATMENT (SEPARATION AND RECOVERY TRANSURANIC ELEMENTS) FPOM LIQUID 
WASTES PRODUCED BY PLUTONIUM PLANT OF CRE-CASACCIA 

Contractor : ENEA-CRE CASACCIA, Rome, ITALY 
Contract No r FI1W/0012 
Duration of contract : July 1986 - March 1990 
Proiect Leader : M. Casarei 

A. OBJECTIVES AND SCOPE 

The liquid wastes produced by Casaccia Plutonium Plant, due to the 
content in alpha emitters, must be considered, according to the present 
national regulation (guida tecnica Ν" 26 ENEA-DISP) as included in 
"category 3" (highest risk wastes). 
The main purpose of the research work related to this contract is to 
study and develop in laboratory and pre-pilot scale a general purpose 
transuranic element extraction and recovery process. 
To implement this process, the selected extracting agent is the Octvl 
(Phenyl)-N-N

f
-Diisobutylcarbamoylmethylphosphine oxide (CMPO). 

The study under this contract will permit to verify : 
* the feasibility of a simultaneous separation of V, Pu and Am from 

liquid wastes of different composition with a single extraction 
procedures; 

* the flexibility of the process; 
* the easiness of management of the process; 
* the recovery of actinides in a suitable form to allow their rework: 
* the volume reduction, minimizing the production of secondary 
wastes. 

B. WORK PROGRAMME 

B.l Identification and classification of liquid wastes to be treated 
B.2 Procurement of the CMPO extractant 
B.3 Purification of CMPO, and puritv evaluation test 
B.4 Preparation of simulated wastes and interaction studies with the 

solvent 
B.5 Choice of diluent 
B.6 Decontamination tests at laboratory scale with real solutions 
B.7 Modelling of the flowsheet 
B.8 Pre-pilot scale tests with real solutions 

NO CONTRIBUTION HAS BEEN RECEIVED AT THE EDITION'S DEADLINE 
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DECONTAMINATION OF SOLID ALPHA WASTES AND RECOVERY OF TFE PLUTONIUM 
(PROLIXE Facility) 

Contractor : CEA, CEN­FAR France 
Contract No : FIW/0013 
Duration of the contract : October 1986 ­ December 1989 
Period covered : January 1989 ­ December 1989 
Project leader : G. KOERLY 

A. OBJECTIVES AND SCOPE 

Nuclear activities in the Radiochemistry building of Fontenay­aux­
Roses nuclear research center concern principally the study of fuel 
reprocessing and the production of transuranium Isotopes. During these 
activities solid wastes are produced that are contaminated withtfjjv­emit­
ters for hot­cells studies and with o( emitters only for gloveboxe 
experiments. 

In order to improve the management of these wastes it has been 
decided to build new facilities : 

a/ a group of three glove­boxes named ELISE for the treatment of 
ot active solid wastes, 

b/ a hot­cell (PROLIXE facility) for the treatment of tf J w active 
solid wastes. Õ 

In these facilities we will develop leaching processes in order to : 
1/ decontaminate these wastes especially in .emitters to obtain a 

level of alpha contamination < 0,1 Ci χ t of the conditlonned 
wastes which will be suitable for surface site disposal, 

2/ recover actlnide elements, particularly the highly valuable 
plutonium. These two items constitute the main objectives of the 
present programme. 

B. WORK PROGRAMME 

2.1 WASTES ANALYSIS to determine their composition and the nature and 
activity of the radiocontaminants. 

2.2 WASTES CRUSHING r characterization of the size of particles 
obtained after the crushing of the wastes according to their 
nature. 

2.3 PRETREATMENT : in the specific case of the treatment of ashes 
­ produced in other facility, the pretreatment procedure to eliminate 
chloride ion will be defined. 

2.4 LEACHING TESTS : according to the nature of the wastes to be 
treated specific leaching experiments will be performed. Different 
leachants will be used : nitric acid, acidic leachants with electro­
generated reducing or oxidizing agents. 

2.5 EQUIPMENT DESIGN : the electrolyser for the generation of reducing 
or oxidizing agents will be defined. 

2.6 SECONDARY WASTES : an optimization of the management of secondary 
wastes (gazeous wastes, distillates) will be realized. The oppor­
tunity to recover some chemicals like silver will be considered. 

2.7 RECOVEREY AND PURIFICATION OF ALPHA EMITTERS : the study of the 
recovery of alpha emitters, especially the plutonium using extrac­
tion chromatography technique will be realized. 
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2.8 DESIGN OF PROCESS FLOWSHEETS : for the different wastes to be 
studied, special process flowsheets will be designed. A comparison 
of the performances of these processes with those of conventionnal 
techniques will be achieved. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 
The two facilities, ELISE and PROLIXE, are operating active runs 

since February 1987 (ELISE) and March 1988 (PROLIXE). 
In 1989, 2236 Kg (= 17,3 m3

) of active wastes have been treated in 
ELISE : these wastes were subjected to the sorting and crushing 
operations. In PROLIXE, 356 Kg («= 2,06 m3

) of <* β V solid wastes have 
been treated during the year. 

Lixiviation campaigns were performed = 1 (10 Kg of PCW) at 60°C in 
ELISE and 13 at romm temperature in PROLIXE amounting to 213 Kg of 
solid wastes. In PROLIXE, an electrolyzer for the generation of Agli 
was installed and used in two lixiviation campaigns and, for the first 
time, the goal of the "exhaustive" decontamination of solid wastes in 
of, emitters was reached. 

At the laboratory scale the following studies have been performed : 
1/ Agli OXIDIZING DISSOLUTION : two studies have been realized : a) the 
determination of conditions for the exhaustive decontamination of 
stainless steel boxes contaminated in Pu02 to be used in the MELOX 
facility, b) the decontamination of the zircaloy hulls, solid wastes 
produced in the reprocessing of LWR fuels. 
2/ STUDY OF APPARATUS : two apparatus have been studied during this 
year : a) the Agli electrolyzer b) a cyclone concentrator with an 
improved capacity (10 1/h). 

Progress and results 

1. Wastes crushing (B.2) 
In the two facilities, ELISE and PROLIXE, both equipped with the 

same crusher, numerous crushing campaigns have been done without any 
difficulties : in ELISE, 2236 Kg of <x active solid wastes have been 
treated and in PROLIXE 356 Kg of « Ri(solid wastes were crushed. 

2. Leaching tests (B.4) 

2.1 Laboratory studies 
New application of the Agli lixiviation method for the deconta­

mination of solid wastes have been developped. 
AG­NET : In the course of the design of specific treatment for the 

decontamination vs plutonium of solid wastes to be produced in the 
MELOX facility, a special case is related to the management of the 
stainless steel boxes which initially contained Pu02. A special 
apparatus named AG­NET was designed and used to decontaminate these 
wastes with electrogenerated Agli. Successful runs were done using 7 
different boxes and the final o< contamination was found lower than 0,1 
Ci/t of the non conditionned waste. 

Zircalloy hulls : The Zircalloy hulls constitute a major solid 
active wastes to be managed in the back­end of the fuel cycle. These 
hulls are slightly contaminated with plutonium. Experiments have been 
realized to check the possibility of an exhaustive plutonium deconta­
mination of these hulls by Agli treatment. 
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2.2 ELISE experimente 
One lixiviatlon campaign involving * 10 Kg of PCW has been realized 

at elevated temperature ■ 60°C. No real improvement of the perfor­
mances of the nitric acid lixiviatlon was observed in comparison with 
experiments done at room temperature. 

2.3 PROLIXE experiments 
About 213 Kg (· 1,2 m3

) of * A j solid wastes have been processed 
during 13 lixiviatlon campaigns. A total of " 200 Ci of emitters 
composed essentially by Cm and Am were recovered in the 
leachates. After the installation of the Agli electrolyzer into the 
PROLIXE hot­cell, two treatments of solid wastes with Agli were 
realized. In the case of an experiment, using 20 Kg of metallic 
(stainless steel essentially) wastes, highly contaminated with oi ρ Y 

emitters, produced during the dismantling of the hot­cell named RM2 
(CEN­FAR), the goal of the exhaustive decontamination of the wastes was 
achieved for the first time at that scale. An alpha residual 
contamination of 3,4 mCi/t of the non conditionned wastes was obtained. 

3. Equipment design (B5) 
A cyclone evaporator with an improved capacity » 10 1/h was suc­

cessfully conceived, realized, and installed. It comprises 5 heating 
resistances with a total power input ­ 8,2 kW. The vacuum double­

jacketed compartment allows an energy efficiency close to 85 Z. Liquid 
effluents with organic solutes and foaming agents can be successfully 
treated with this apparatus, giving high decontamination factors of the 
distillates. 

4. Secondary wastes (B6) 
A cyclone evaporator (5 1/h), made in metallic material, was 

installed into the PROLIXE hot­çell. A total, of 250 litres of active 
effluents, contaminated by Cm and. Am were successfully 
concentrated. From the, concentrates, Cm recovery campaigns were 
done for the reuse of " Cm to the preparation of neutron sources. 
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CONDITIONING OF NUCLEAR CLADDING WASTE BY HIGH TEMPERATURE MELTING IN 
A COLD CRUCIBLE 

Contractor: 
Contract No: 
Duration of Contract: 
Period Covered: 
Project Leader: 

CEA, CEN-Valrhô, SDHA, F 
FIlW-0014 
October 1986 - December 1989 
January 1989 - December 1989 
JACQUET-FRANCILLÖN 

A. OBJECTIVES AND SCOPE 

Conditioning of zircaloy and stainless steel hulls by high temperature 
melting in a cold crucible is being developed by the CEA in France. The 
feasibility of this process which does not require any metallic additive is 
demonstrated at industrial scale with an inactive prototype. 

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

The objectives of this program 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 PROGRAM 

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 
zircaloy ingots. 

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

B.4 Realization and characterization of active zircaloy ingots. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of Advancement 

Inactive ingot characterization confirmed that corrosion of the metal 
matrix elements was negligible. 

Characterization of the glass containing the inactive slag has now 
been completed. 

Work began on producing a second series of radioactive stainless steel 
ingots. Two ingots have been drawn and are now being characterized. 

The activity distribution in the third stainless steel ingot from the 
first series (test CI05) showed 92.9X α and 8. IX β decontamination 
efficiency. 

The general work progress status is as follows: 
- B.l: Completed. 
- B.2: Completed 
- B.3: Two new radioactive stainless steel ingots remain to be drawn. 

Active ingots CI02 and CI06 from the first series are now being 
characterized. The flux will be vitrified in the Vulcain cell. 

- B.4: Work began to compile the molten zircaloy/water interaction test 
results in order to obtain clearance from the safety authorities to 
produce zircaloy ingots. 

Progress and Results 

1. Inactive Reference Tests (B.2) 

The ingot characterization work is finished. 
Leach tests continued at 100"C in double-distilled water using 

Kumagawa-type pyrex Soxhlet vessels with three metal samples (stainless 
steel, zircaloy 4 and a zircaloy-steel-inconel mixture). The solution ion 
analysis results did not reveal any significant corrosion of the metal 
matrices. 

Devitrification studies were conducted on R7T7 glass samples 
containing 2X and 4X CaF2-MgF2 flux and X and 4X CaF2-BaF2 flux to determine 
the lower crystallization temperature, the liquidus temperature, and the 
temperature range within which each of the crystalline phases is present. 
The same types of crystals were observed as in previous R7T7 glass samples, 
but with some shifts in the crystal occurrence ranges. 

The lower crystallization temperatures were about the same order of 
magnitude as in R7T7 glass for glass samples containing 2X and 4X CaF2-BaF2 
flux, and slightly lower for samples with 2X and 4X CaF2-MgF2 flux. 
Thermal stability studies showed the same crystalline phases as those 
described in the devitrification study. 

Compared with the R7T7 reference glass, these samples showed greater 
bulk crystallization (crystallization was essentially limited to the edges 
of the reference glass specimen). The samples containing CaF2-MgF2 
appeared more crystallized than those containing CaF2-BaF2. These results 
confirm the effect of magnesium on crystallization already revealed during 
the preceding tests. 

2. Realization and Characterization of Active Stainless Steel Ingots (B.3) 

Four additional radioactive ingots were to be produced by melting 
stainless steel hulls from Phénix; two ingots (CI07 and CI08) have now been 
drawn. The test objectives are: 
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• to obtain more precise results concerning radionuclide volatilization and 
decontamination; 

• to complete the feasibility study for the upper portion of the ingot; 
• to test the effects of the flux­to­hull mass ratio, notably on the ingot 
Ct decontamination efficiency. 

2.1 Ingot Fabrication and Appearance (Ingot CI07) 
A suitable molten bath was obtained only after 70 minutes, although 

the flux melted within 3 minutes. The drawing operation was interrupted 
when the ingot became jammed, and the test lasted a total of 128 minutes 
instead of the planned 45 minutes. 

The resulting ingot was shiny and visually satisfactory (Figure 1) 
with no shrink cavities. Only a small tongue was observed at the top. 

2.2 Material Mass Balance (Ingot CI07) 
As for the previous tests, the recovered slag mass increased by about 

14% for the active tests (compared with 13% for the inactive ingots) 
probably from dissolution of oxides or elements adhering to the hulls. 

2.3 Volatilization (Ingot CI07) 
The total volatilization (excluding tritium) was around 6.3% of the 

initial β activity and 0.5% of the' initial α activity. The β activity was 
primarily attributable to cesium; 99.99% of the activity was trapped by the 
crucible head and dust separator. 

All the volatilization figures were calculated from the mean clad 
activity as measured during the reprocessing operations. 

2.4 Ingot Decontamination 
All the results for the slag obtained during production of the four 

ingots are not available at the time of this writing. The activity 
distribution for ingot CI05 (the third ingot in the first series) is shown 
in Table I. The decontamination efficiency was 92.9% a and 8.1% β (82.6% 
for Sr and 91.3% for 137

Cs). 

2.5 Ingot Characterization 
Samples were taken from the midsection and the upper end of ingots 

CI02 and CI06 for examination. 

Specific Gravity Measurements 
The measured values were clustered around 8; higher values were found 

at the core and in the upper part of the ingots. 

Metallographic Examination 
Macrographic images (Figure 2: X5 magnification) and micrographie 

images (X100) revealed the following features: 
• a dendritic solidification structure with large (> 10 mm long) dendrites, 
often a large grain size (> 2 mm dia), and significant solute 
concentrations between the dendritic zones which should be quantified by 
scanning electron microscope X­ray microanalysis; 

• very low closed porosity (approximately 400 /ira around the edges and 
10­20 ßm at the center) especially in the samples with the lowest 
specific gravity; 

These examinations will be completed by α, β and γ autoradiography. 
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90 Sr ­f 90 Τ 
137 C* 
134 C« 

10· Ru ♦ IOC Kb 
144 C« ­f 144 Pr 

ias 8b 
•0 Co 
34 Nn 

TOTAL BITA 

239 + 340 Pu 
23· PU ­t­ 241 λ* 
244 Ca ­f 242 Ca 

TOTAL ALPHA 

A 

VOLATILI­
lATIOM 
% 

1,92 

·3,·0 
•9,37 

< 0,04 

< 42,·· 
< 0,26 
< 4,3.1ο­3 

< 40,12 

3,«· 

3.S7 
2,SS 
— 

2,97 

Β 

SLM 

% 

·0,·3 
23,82 
30,63 
0,03 
87,14 
0,23 

7.4.10"
4 

39,·· 

4,42 

90,0 
91,3« 
4·,41 

•9,92 

C 

INGOT 

% 

17,43 
a,69 
— 
99,92 
— 
99,32 
# 100 
— 

91,96 

β,42 
3,90 
31,39 

7,10 

D ■ A + Β + C 

CALCULAT«} BULL 
ACTIVITY 

% 

100 
100 
100 
100 
100 
100 
100 
100 

100 

100 
100 
100 

100 

Ρ 
DECONTAMINATION 

BFPICIEMCY 
D ­ C 

Χ 100 
D 

82,6 
91,3 
100,0 

0,0· 
100,0 
0,3 
0,003 

100,0 

8,1 

93,6 
94,1 
48,4 

92,9 

Table I : Activity distribution for test CI 05 ­ Activity (%) as of 
October 1, 1989 
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Figure 1 : Ingot C107 seen from above and side face 
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HOT ISOSTATIC PRESSING OR MELTING OF INCINERATED ALPHA WASTE ASHES 

Contractor: CEA, CEN­Valrhô, SDHA (France) 
Contract No: FI1W­0015 F CD 
Duration of Contract: October 1986 ­ September 1989 
Period Covered: January 1989 ­ September 1989 
Project Leader: A. Jouan 

A. OBJECTIVES AND SCOPE 

The purpose of this study was to investigate a conditioning process 
suitable for ultimate storage of incinerated alpha waste ashes. The 
process would also be applicable to ash chemical treatment residues, ß-"f 
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. 

The process has not yet been applied to waste storage. This study was 
carried out jointly with industrial firms where isostatic presses were 
available. 

Three ash conditioning processes (isostatic pressing, melting and 
mixed cement­resin embedding) were compared on the basis of four essential 
criteria: quality of the final product, feasibility, final waste volume 
and total investment + operating costs. 

B. WORK PROGRAM 

B.l Production of representative ashes in industrial pilot facilities or 
utilization of industrial ashes with similar compositions for techno­
logical feasibility tests. 

B.2 Determination of pressing parameters at laboratory scale on actual 
inactive ashes. 

Β.3 Production of intermediate scale blocks from actual inactive ashes to 
determine the physical and mechanical properties of the resulting 
material, and fabrication of a 30 cm diameter block using industrial 
ashes. 

B.4 Fabrication of melted ashes with or without primary glass additives in 
existing CEA furnaces. 

B.5 Preliminary design work for an industrial unit to allow comparison 
with a melting and an embedding facility. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of Advancement 

The following work was completed during the final contract period: 
• investigation of the physical properties of actual pressed ashes in 
containers with a mean diameter of 140 mm; 

• evaluation of industrial feasibility with large (300 mm diameter) 
containers using incinerated domestic waste ashes; 

• comparison of leaching resistance and compression strength properties of 
three materials: pressed ashes, melted ashes, embedded ashes; 

• operation and layout analysis for the cement-resin embedding process. 
The three processes were then compared on the basis of technical and 

economic criteria. 

Progress and Results 

B.l Production of Representative Ashes in Industrial Pilot Facilities: 
Completed in 1987. 

B.2 Determination of Pressing Parameters at Laboratory Scale: 
Optimized in 1988. 

B.3 Production of Intermediate Scale Blocks: 
The physical properties of ashes obtained by pyrolysis and calcining 

followed by pressing for 2 hours at 800eC under a pressure of 150 MPa in 
containers 140 mm in diameter were measured by the Société Française de 
Céramique. The results are shown in Table I. 

Table II compares the physical quality (compression strength) and 
chemical quality (leaching resistance) of three materials obtained by 
melting, pressing and cement-resin embedding. The pressed ashes showed the 
highest compression strength, but the melted ashes were most resistant to 
leaching. In both cases, the melted ashes were of better quality than the 
embedded ashes. 

A 300 mm diameter container was manufactured by Tecphy to confirm the 
industrial feasibility of the isostatic pressing process. Recalcined 
domestic waste ashes were first pressed at room temperature to obtain an 
initial packing density of 1.81 g-cm"3. Optimum conditions for the actual 
isostatic pressing operation were determined to be 4 hours at 800°C under a 
pressure of 150 MPa. The calculated density of the final product was. 2.4 
g-cm"3. The container was cut up and the pressed ashes were found to be 
uniformly compacted. 

B.4 Fabrication of Melted Ashes: 
Completed in 1987. 

B.5 Comparison of Three Conditioning Processes: 
As for the other two techniques, the development of the embedding 

process flowsheet and the resulting layout was assigned to a specialized 
CEA department. 

Figure 1 compares the volume of the three alpha containment structures 
with the same perspectives. The melting and embedding facilities are of 
comparable volume, significantly smaller than for the isostatic pressing 
unit. 
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Approximately 1700 kg of ashes produced annually by incineration of 
wastes from the MELOX fuel fabrication plant would represent about 5.7 m3. 
Figure 2 illustrates the volume reduction advantage of the melting process. 

Investment and operating costs were evaluated as shown in Figure 3. A 
significant drawback of the isostatic pressing method is the prohibitive 
cost of unidirectional and isostatic presses. 

Figure 4 is an overall comparison of the three technologies according 
to the four criteria adopted for this study. 

LIST OF PUBLICATIONS 

The work conducted in 1989 was presented at Madrid on April 20, 1989 
and at Karlsruhe on October 12, 1989. 

TABLE I: PHYSICAL PROPERTIES OF PRESSED ASHES 

A P P A R E N T D E N S I T Y 

OPEN POROSITY 

COMPRESSION STRENGTH AT ROOM TEMPERATURE 

BENDING STRENGTH: ROOM TEMP 
1 0 0 0

e
C 

TENSILE CREEP ON TEST SPECIMEN 
32 MM DIA χ 50 MM HIGH AFTER 25 HOURS 
AT 1 0 0 0

e
C UNDER 0 . 2 MPa TENSILE LOAD 

THERMAL EXPANSION ( 1 0 0 0 ° C ) 

THERMAL CONDUCTIVITY ( 4 2 5 ° C ) 

2 . 7 3 g-cm"
3 

16 .3% 

1 9 3 MPa 

2 1 
7 . 5 

0.05% 

8% 

1 . 2 9 W-m
_1

K
_1 

TABLE II:. COMPARISON OF CONTAINMENT MATERIALS 

PARAMETER 

MECHANICAL BEHAVIOR 

(COMPRESSION STRENGTH) 

CHEMICAL BEHAVIOR 

(LEACHING RESISTANCE)* 

DIRECT 
INDUCTION 

MELTING 

1 0 0 MPa 

2 . 1 6 χ 10"
4 

ISOSTATIC 

PRESSING 

1 0 0 - 2 0 0 MPa 

7 t 4 0 χ 10
-
* 

MIXED 
CEMENT-RESIN 

EMBEDDING 

65 MPa 

1 2 . 7 2 χ IO
-4 

* Mass loss (g-cm"zd_1) after 14 days 
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ISOSTATIC PRESSINO V - 144m
3 

MELTING V - 52m
3 

RESIN-CEMENT EMBEDDING 
V - 52m

3 

Flg. 1 COMPARATIVE LAYOUT VOLUMES 
( α containment ) 

5.7 m> 

3.1 m
3 

Initial volume Isostatlc pressing Melting Resln-cement embed. 

Fig. 2 COMPARISON BETWEEN INITIAL AND CONDITIONED ASH VOLUMES 
(Yearly volum· produced by Ih· Malox plant) 
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4 - ι 

3 _ 

2 _ 

1 -

Isostatic pressing 

1.23 

Melting 

I Capital cost 

I Direct labour 
ES Packaging 
E2 Process materials 
■ Energy 

0.76 

Resln-cement embed. 

Fig. 3 COMPARATIVE TOTAL ANNUAL COSTS FOR THE 3 PROCESSES 
(Millions of francs) 

HIP 

MELTING 

EMBEDDING 

COST 

1 

2 

3 

FEASIBILITY 

1 

2 

3 

FINAL 
VOLUME 

2 

3 

1 

PRODUCT 
QUALITY 

2 

3 

1 

TOTAL 

6 

10 

8 

1 poor 2 satisfactory 3 very good 

Fig. 4 OVERALL COMPARISON 
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Utilisation of liquid membranes for the treatment 
of reprocessing concentrate 

Contractor : CEA, CEN Cadarache, France 
Contract n* F II W 1.0016 
Duration of contract : January 1987 - December 1989 
Period covered : January 1989 - December 1989 
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 is the 
reason why it could be economically interesting to decon­
taminate this concentrate so that the greatest part will be 
disposed in shallow land burial and a very small part in 
geological formation. 

Taking into account the radiochemical characteristics of 
concentrate and to allow a shallow land burial disposal (for 
instance CSM) cesium stontium and actinides must be removed 
with DF higher than 50 for fission products and 100 for alpha 
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. 
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Β. WORK PROGRAMME 

2.1. Extraction of actinides : 
2.1.1. Choice of the component and concentration of the 

stripping solution. 
2.1.2. Interest of using a second membrane. Choice of the 

NaOH concentration for the second stripping solution. 

2.2. Extraction of strontium 
2.2.1. Choice of the diluent in order to improve the 

stability and the life­time of the S.LM and decrease the 
transfer of acidity through the membrane. The chosen diluent is 
the decanol. 

2.3. Extraction of cesium 
2.3.1. Synthesis of B21 C7 derivatives : mono benzo 21 

Crown 7 (B21 C7) and tert butyl benzo 21 C7 (tBB21 C7). 
2.3.2. B21 C7 is difficult to use due to its low solu­

bility in most of the diluents, tBB21 C7 is easily soluble in 
many diluents, in particular in the mixture hexyl­

benzene/decanol. 

2.4. Laboratory scale experiments on hollow fibers modules 
Devices with one or two hollow fibers modules (one for 

extraction the other one for stripping) were used. 

2.5. Decontamination of a genuine concentrate 
2.5.1. Preparation of concentrate from Marcoule genuine 

liquid waste in Telemac hot cell. 
2.5.2. Removal of actinides from concentrate. 
2.5.3. Removal of strontium/cesium from concentrate. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement : 

Extraction of 98­99 % of actinides obtained from 
simulated or genuine concentrate by using a supported liquid 
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membrane (S.L.M) constituted by the mixture CMPO (0.25 M) TBP 
(0.75 M) in decahydronaphtalene. 

- Extraction of more than 98 % of stontium from simulated 
wastes by using a SLM containing DC18 C6 diluted in hexyl-
benzene + decanol. Extraction of strontium from genuine 
concentrate after actinides removal. 

- Simultaneous extraction of strontium and cesium with a 
mixture of crown ethers (DC18 C6 + tBB21 C7) diluted in hexyl-
benzene + decanol. 

- Endurance tests carried out with hollow fibers modules. 

D. PROGRESS AND RESULTS 

Concentrate was obtained by evaporation of liquid waste 
arising from Cogema Marcoule in Telemac hot cell. Tests were 
carried first with simulated concentrate then with genuine 
concentrate. 

Main compounds in genuine liquid waste and concentrate 

mg.l -1 kBq.l -1 

Liquid waste Concentrate Liquid waste Concentrate 

H
T 

N0 3~ 
so4

2
" 

P0 4
3 _ 

Na 
Mg 
Al 
Κ 
Ca 
Fe 
U 
TBP 
HDBP 

0,55 Ν 
37 IO3 

65 
200 

2150 
470 
30 
35 

210 
80 

400 
35,2 
5,6 

1,27 Ν 
280 IO3 

< 800 
2200 

58000 
13400 
1200 
760 
6000 
1500 
1250 
< 1 
< 1 

"
T 5 U

S r 
95
zr 

95
Nb 

106
RU+Rh 
1 2 5

Sb 
1 3 7

Cs 

144
Ce+Pr 
2 3 8 ^ 

239+240pu 
241

Am 
242

Cm 
2 4 3 + 2 4 4

Cm 

5600 
70 
65 

5600 
125 

1600 

4200 
35 
85 
60 
70 
18 

150 10 
-

-

160 10 
-

50 10 

130 10 
360 
740 
1600 
1100 
340 
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The distribution coefficients are about the same for 
CMPO/TBP and DC18 C6 with, genuine or simulated concentrate. But 
they are low for the tBB21 C7 (0.3 M). 

Distribution coefficients D = [Mn+]o 
[Mn+]A 

Extractant 
Simulated concentrate Genuine 

MAR400 MAR400 Al MAR400 Mg concentrate 

CMPO(0.25M) 
CMPO(0.25M) 
CMPO(0.25M) 
DC18C6(0.5M) 
tBB21C7(0.3M) 

DPU 4 + 
DAm3+ 
DCm 3 + 

Dsr2+ 
DCS + 

1000 
14 

12 

1000 
35 

18 

1000 
55 

19 

1000 
180 
240 
11 

0.25 

For the actinides extraction, the compounds and the 
concentration chosen by P.Danesi were used : mixture of CMPO 
(0.25 M) /TBP (0.75 M) diluted in decalin (decahydronaphtalene. 
A good stripping of actinides is achieved with sodium citrate 
0.5 M, in this case, D.F > 100 are obtained. 

An test carried out with genuine concentrate, of which 
initial acidity is 2 M gave, using a flat membrane Celgard 
2500, the following results : 

- D.F > 100 for actinides and 144Ce after treatment with 
S.L.M containing the mixture CMPO/TBP. 

- About 80 % of strontium is removed from the concentrate 
with a SLM containing DC18 C6 (0.5 M) Decanol (0.7 M) diluted 
in hexylbenzene before a precipitate occurs in the concentrate. 
An other experience, with an higher initial acidity is being 
carried out. 

tBB21 C7 much soluble than B21 C7 in organic solvents was 
synthesized. 

The synthesis of tBB21 C7 is carried in two stages : 
- In pyridine medium, tosylation of hexaethylene glycol : 

HO(CH2OCH2)6H + 2 TsCl TsO(CH2OCH2)6 Ts + 2HC1 
- Then, the washed and deshydrated precipitate reacts with 

tert butyl catechol, in pyridine medium, in presence of CsF 
(template effect) 
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TsO(CH2OCH2)g Ts + OH - CgH4-tButyl tButyl B21C7 + 2 CsOTs 
After evaporation of acetonitrile, the crown ether is 

extracted by heptane. 
To obtain a satisfactory yield (about 65% for each stage) 

the reagents have to be previously deshydrated and purified. 

Tests of stability of supported liquid membranes were 
carried out with devices containing one or two hollow fibers 
modules. 

These endurance tests showed that a good stability of the 
S.L.M was achieved in particular when using two hollow fibers 
modules : the device worked for 350 hours without any 
difficulties. 

-103 



C 8 H I 7 > 5 . C H 2 X N < C H 2 C H Î C H 3 ) 2 
2 CH2CH(CH3)2 

CMPO 

DC18 C6 

< _ , 
\ 

-o o 

TBB21 C7 
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Fig.2 - Hollow fibers module 
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TREATMENT OF RADIOACTIVE WASTES BY A COMBINATION OF PRECIPITATION 
AND CROSSFLOW MEMBRANE FILTRATION 

Contractor : UKAEA, AERE, HARWELL, UK 
Contract No : FI1W/0017 UK (H) 
Duration of contract; July 1986 - December 1989 
Proiect Leaders : P. Kavanagh, 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 

REQUEST FOR PATENT IN PROGRESS 

106' 



ELECTROCHEMICAL ION-EXCHANGE/SORPTION FOR MEDIUM ACTIVE LIQUID 
WASTE TREATMENT 

Contractor: UKAEA, Harwell Laboratory, UK 
Contract No: FI.1W.0018 
Duration of contract: June 1986 - May 1990 
Period covered January 1989 - December 1989 
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 m-Vh 
for the removal of both βγ and α 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 interfering ions that adversely affect normal 
ion-exchange and floe process (eg complexing 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 m-Vh EIX module 

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

2.3 Evaluation of 0.1 m-Vh module performance on the treatment of 
genuine BY waste streams. Small scale supporting work on interfering 
ions. 

2.4 Design, construct and commission a 1 wr/h 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 
o bearing wastes. Examine the effect of interfering ions. 
Design, construct and commission a 10 £/h module based on these 
results. 

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

2.7 On the basis of (2.6), design, construct and commission a 0.1 m-Vh 
plant for the treatment of α wastes. Evaluate performance on genuine 
waste. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
STATE OF ADVANCEMENT 

The application of EIX to the treatment of three genuine βγ wastes has 
been examined. The first was LLLW from the Tihange PWR power station 
during March 1989, as part of a liquid waste treatment intercomparison 
exercise. A sequential anion (IRN­78L)/cation (ZrP) EIX treatment reduced 
the activity levels of the unfiltered stream from 66 to 0.17 Bq/m£ and also 
recovered > 94% borate. Selective elution was accomplished into a small 
volume of water by polarity reversal of each unit in turn. Tests on the 
Harwell site LLW with a parallel cation (ZrP)/anion (IRN­78L) EIX system 
gave significantly enhanced performance over cation­only for this 
relatively high salt content stream ­ reducing βΥ to ^ 12 mBq/m£. By 
contrast, ZrP­only was sufficiently effective for low conductivity streams 
­ giving DFs > 100 for MTR and Magnox cooling pond water over extended test 
periods. 

Zirconium phosphate EIX electrode lifetimes may now be significantly 
extended beyond the 6 years previously estimated, by anodic treatment in 
dilute phosphoric acid. Further enhancement of absorption kinetics has 
also been demonstrated for modified forms of the absorber. 

The five module scaled­up EIX cell (2 m^ surface area) has now been 
manufactured and the plant assembled and commissioned. Large scale testing 
(0.5 wr/h) will commence after installation of the EIX electrodes to 
evaluate this modular approach to scale­up. 

Significant progress has also been made on the treatment of 
α containing wastes. Residual α activity in the Harwell LLW was reduced by 
a DF of > 46 to Í 1.7 mBq/m£ by a parallel ZrP/IRN­78L cell in which the 
half cell currents were independently controlled to maintain an effluent pH 
of 4. Preliminary results with a ZrÛ2 absorber have also shown promise 
in removing U to background levels at pH ^ 5. An anion­only system was 
able to reduce ot contents to < 1.7 mBq/m& in both high and low salt content 
wastes. Alternative passive absorption/electrical elution approaches for 
high salt content streams have, therefore, now been abandoned due to their 
inferior performance. 

Large scale evaluation of these successful removal techniques will 
be conducted in parallel with ßY tests on LLW. 

Preparatory work for the second "round robin" test on Casaccia fuel 
fabrication wastes, due to take place in March 1990, has now been 
completed. Conditioning processes prior to EIX treatment have been 
successfully developed to electrochemically oxidize oxalic acid and 
electrochemically destroy NH4NO3. 

PROGRESS AND RESULTS 
2.3 TREATMENT OF GENUINE ßY WASTE 
2.3.1 Tihange PWR LLW 

As part of an intercomparison exercise to test novel liquid waste 
treatment processes using real waste streams, some trials on EIX were 
carried out at Tihange PWR station in Belgium during February/March 1989. 

The effluent comprised a high concentration of borate (114 ppm Β) and 
sodium (61 ppm) at pH 8.3, as well as 32 ppm suspended solids (including > 
5 ppm Fe). The total Y activity was 65.7 Bq/nA , of which 42 Bq/m£ was due 
to

 æ+60
Co. A portable test unit (Figure 1) was used to evaluate 

interchangeable EIX modules of 321 cm^ surface area. Unfiltered waste 
was reduced to 0.4­1.6 Bq/mÄ (DF 164­41) at 1­4.3 BV/h by a zirconium 
phosphate unit at a current density of 5 mA/cwr- Treatment in a IRN­78L 
unit not only removed >94% of the borate at 1 BV/h, 3 mk/cnr-, but the 
activity was reduced to 0.4 Bq/m£. Subsequent treatment by a ZrP unit 
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reduced the activity content further to 0.17 Bq/mî. - an overall DF of 
'w 380· As > 90% of the initial activity was particulate in nature this 
demonstrates EIX to be able to remove colloidal as well as ionic 
contamination. The activity retained on both units could be eluted into a 
reduced volume for disposal, while Li and borate could be recovered 
separately for re-use if required. 

2.3.2 Harwell low level liquid waste 
A unit based on parallel anion and cation EIX electrodes has been 

successfully demonstrated for the treatment of higher salt content wastes 
( >10 mM). The feed pH was controlled by the simultaneous absorption of 
anions in order to optimize the effectiveness of the cation electrode. 
IRN-78L was chosen as the optimum system in a series of bench-top scoping 
trials. Subsequent tests with a ZrP/IRN-78L cell on the Harwell site LLW 
gave a60Co DF of 7.8 which reduced this nuclide to 12 mBq/mi., while ^Cs 
was removed to background (0.4 mBq/m£) - a DF of > 74. This was a 
significant improvement over the DF of 1.3-1.7 found previously with a 
ZrP-only system. Sequential anion and combined cation/anion units are 
expected to give even better results. 

2.3.3 Cooling pond water 
Excellent performance has been achieved in a zirconium phosphate 

bench-top flow cell for the treatment of the demineralized water typical of 
MTR cooling ponds. Cs and Co DFs of 100-200 were obtained at flow rates of 
25 BV/h. Subsequent trials in the 0.34 m^ pilot plant gave a similar 
performance at 50A/h, declining to a DF of 10 at 0.1 m-Vh. Other wastes 
falling into this low ionic content category include the effluent from high 
pressure water jetting and shielding water, both used in decommissioning. 

Extended trials on simulant Magnox pond water (100 ppm Na) with a ZrP 
cell have also shown Cs DFs > 100 over a 25 day test period. 

2.3.4 Electrode development 
From previous work on zirconium phosphate, it had been estimated that 

a lifetime of 6 years might be expected due to a slow loss of phosphate 
arising from hydrolysis. However, it has now been demonstrated that this 
phosphate can be replaced by anodic treatment in dilute phosphoric acid, to 
give a further improved performance. Lifetimes can therefore be 
considerably extended. 

Development of the ZrP absorber has identified two systems capable of 
enhanced kinetics and reduced phosphate loss - based on a ZrP(H)/ZrP(Na) 
mixture and semi-crystalline ZrP. 

2.4 SCALE-UP OF 8Ύ EIX PILOT PLANT TO 1 m3
/h 

The construction and installation of a five compartment multi-modular 
cell of 2 m^ EIX surface area in the 0.5-1 m^/h pilot plant has been 
completed (Figure 2). This has now been commissioned and is ready for the 
fitting of the EIX electrodes prior to large scale testing- This is 
primarily to evaluate the modular approach to scale-up. 

2.6 ELECTROSORPTIVE TREATMENT OF α WASTES 
2.6.1 Harwell low level waste 

o removal from the Harwell low level waste by the parallel ZrP/IRN-78L 
system gave a DF of 4 for identical electrode currents of 3 mA/cra-* -
reducing the effluent to only 7 mBq/m£. Performance was further improved 
to DFs > 46 when the current densities were independently adjusted to 
ensure that the feed pH was maintained £.4. 
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An anion only system (IRN­78L) was also successfully demonstrated for 
the treatment of both low and high salt content (IM NaN03) α wastes ­
giving DFs of 30 and 12 respectively ­ reducing residual activity to 
«1.7 mBq/m£. 

Preliminary results with a Zr(>2 EIX system have shown U removal from 
a low salt content waste at pH 5 to background levels with a DF > 85. 
While this material ceases to be a cation absorber for Na+ at pH < 7, it 
is still able to selectively absorb polyvalent cations as well as anions­
However, two alternative approaches to the treatment of high salt content 
wastes based on passive absorption onto ZrP,ZrÛ2 and HTiO followed.by 
electrical elution have now been abandoned, due to insufficient 
selectivity, and poor performance compared to the anion­only EIX option 
described above. 

2.6.2 Casaccia MLW 
Preparatory work has been conducted for the second part of the "round 

robin" intercomparison exercise. However, only one of the three main Pu 
containing streams arising in the Casaccia fuel fabrication plant can be 
treated by EIX without some prior conditioning. One stream is primarily 
nitric acid (3­7M), a second is a mixture of nitric acid (IM HNO3) and 
oxalic acid (0.6M), while the third comprises 11M NH4OH containing 0.5M 
NH4NO3. 

Development work at Harwell has shown that oxalic acid can be 
electrochemically oxidized with high efficiency in IM HNO3 at a gold 
coated titanium anode between 0.75 and 1.1 V(SCE) with initial current 
densities as high as 500 mA/cm2. A portable unit with a 300 cm2 anode 
is expected to be able to treat a 2Î. batch of waste in < 8 h. This waste 
could then be combined with the other nitric acid stream prior to 
neutralization with NH4OH to pH 9 and mixing with the third alkaline 
waste. Simple filtration is now able to recover the bulk of relatively 
pure Pu (OH) 4, leaving a residue of ^ 40 Bq/mi, in NH4NO3. 

The treatment of this stream will be examined by two alternative 
routes:­ anionic EIX as described above, and conventional ZrP/IRN­78L EIX 
after destruction of the NH4/NO3. This latter process has been 
successfully achieved by electrolytic reduction at a lead cathode to 
NH4NO2, followed by thermal decomposition to N2 at 70°C to leave a 
residual nitrate concentration of only ^ 1 mM. A cell containing 400 cm2 
of cathode area can treat 2Î. of 5M waste in < 14 h. 

The tests in Casaccia are expected to take place during March 1990. 

List of Publications 

/l/ TURNER, A.D., BRIDGER, N.J. and JUNKIS0N, A.RJ, Electrochemical 
ion­exchange/sorption for medium­active liquid waste treatment ­
Annual Progress Report 1988, AERE­G5002. 
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Figure 1 Portable EIX system with FC/9/RR EIX cell 



Ν) 

Figure 2 0.5 m /h multimodular EIX plant 



Immobilization of cladding waste by press compaction and 
conditioning for final disposal by encapsulation in a lead 
containment 

Contractor t CEN/SCK Belgian Nuclear Research Center 
Contract nr: FIlW-0019-B 
Duration of contract; from 1.05.1986 to 31.12.1989 
Period covered: January 1989 - December 1989 
Proiect Leader: M.Klein 
A. OBJECTIVES AND SCOPE 

The actual research programme proposes an alternative 
conditioning method for cladding waste.This method is based 
on cold press compaction of the hulls to about 80 % of the 
theoretical density of zircaloy, the most representative 
cladding material for LWR fuels.The important volume reduction 
obtained is the major advantage of the alternative method.The 
final conditioning consist of encapsulation of the compaction 
products in a corrosion resistant container . In view of using 
clay as final disposal medium for this kind of waste, a 
seamless lead containment has been chosen as corrosion barrier. 

The objectives of the Research Programme are to further 
develop the conditioning method proposed, on pilot scale, and 
to demonstrate its feasibility with representative radioactive 
LWR cladding waste, on the same scale.Special attention will 
be paid to the characterization of both the compaction produ­
cts and the conditioned products. 

This research is conducted in collaboration with the 
KernForschungsZentrum in Karlsruhe which is responsible for 
the delivery of about 100 kg of active hulls. 
B.WORK PROGRAMME 
B.l.:Further development of the press compaction technology 
under inactive conditions. 
B.2.: Equipment of a hot cell facility for press compaction and 
conditioning of radioactive cladding hulls. 
B.3.:Transport of representative cladding waste and compaction 
products. 
B.4.;Press compaction of radioactive hulls , followed by 
characterization of the compaction products. 
B. 5. : Conditioning of compacted radioactive hulls in a corrosion 
resistant container. 
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C.PROGRESS OF WORK AND OBTAINED RESULTS 
STATE OF ADVANCEMENT 

During the first semester of 1989, the equipment of the 
hot cell for the active demonstration of the hulls compaction 
technology has been completed.The last major action was the 
functional testing of the ventilation system. 

Inactive tests have been carried out in view of the 
reception of the active hulls in the cell.These tests are based 
on the preliminary design of the primary boxes for hulls 
transport.With the cell closed, the manipulator booting 
installed and the ventilation system in operation, all the 
manipulations inside the cell were reviewed and successfully 
tested. 

Concerning the reception of the active hulls at CEN/SCK, 
two new aspects might necessitate changes to the transporta­
tion scheme: 

- the use of a TN-2 container instead of the GNS-11 ; 
- the changes of WAK concerning the design of the 

primary box. 
Difficulties were encountered for the delivery of active 

hulls.The situation was blocked in Karlsruhe because no hulls 
were available in the WAK plant.Moreover, even if transporta­
tion of active hulls had been possible within the prescribed 
time, the authorities of CEN/SCK would have opposed the im­
plementation of the active tests on account of the new philo­
sophy on the covering of the dismantling costs 
PROGRESS AND RESULTS 
B.I.DEVELOPMENT OF THE PRESS COMPACTION TECHNOLOGY UNDER 
INACTIVE CONDITIONS. 
1.Influence of chop length 
The compaction of carbon steel chops of 25 and 50 mm showed 
that the density of the compacted product is not significantly 
influenced by doubling the chop length; a density of about 82 
% vs. the theoretical density is obtained. 
2.Addition of materials 
Tests with addition of soft metals for lining of the press die 
were performed to obtain disks with reduced external surface 
and better coherence and mechanical characteristics. 
The soft metals tested were lead and aluminum.The use of lead 
granulates, distributed among the hulls in the tin can, did not 
result in any effect at all.Lead and aluminum sheets with 
thickness from 0.5 to 3 mm are placed on the bottom and at the 
top of the can; this resulted in very smooth surfaces but the 
mechanical characteristics were not significantly improved. 
3.Compaction of zircaloy 
Tubes, with a diameter of 10.5 mm and a 0.75 mm wall thickness 
are cut into 50 mm chops.this resulted in a stacking density 
of 0.81 kg/dm3 in a 750 cm3 tin can for compaction. 
In Table I ,the results of the compaction tests are sum­
marized. The density of the compacted disks amounts to 80 % of 
the theoretical density of zircaloy.This matches very well the 
target value of 75 %. 
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The addition of 1 mm lead or aluminum had the same effect as 
for the carbon steel chops : a decrease in cladding material 
contents of the compaction products. 
An attempt was made to carry out the compaction in successive 
steps.Only a two step compaction could be realized, in which 
75 % of the final pressure of 280 MPa was reached during the 
first step.A small, but not very significant decrease of the 
compacted product characteristics was observed . 
One feature of the compaction procedure is the compaction 
time ι after compaction, the pressure is maintained for a 
certain period of time, usually 50 s. An extension of this 
post­compaction time to 200 s did not have any effect on the 
product characteristics. 
B.2.EQUIPMENT OF A HOT CELL FACILITY 

A new hot cell facility shielded with 1.25 m of concrete 
has been made operational.This consisted mainly in the 
construction of a SS alpha tight box, the installation of 4 
heavy duty manipulators and of a jib­arm for lifting heavy 
objects up to 250 kg and also the installation of two transfer 
systems, a small one installed in the intervention door and a 
200 dm3 drum discharge port in the floor of the cell. The 
closed loop ventilation system was also successfully put into 
operation. 

All the equipment necessary for the active demonstration 
is installed and all manipulation tools are developed. The 
equipment, adapted for remote control, presently consists of 
: 
­ a feeding unit to distribute bulk quantities of hulls into 
tin cans of 750 cm3. 
­ a gamma scanning device consisting of a positioning frame, 
a collimator and a Ge(Li) gamma measuring chain.The frame 
performs three functions ; rotation between filling and 
measuring position, rotation of the can and vertical movement. 
­ a 300 MPa press, with a diameter of 105 mm for compaction 
of cans of 750 cm3. 
­ a semi­automatic gas cooled TIG­welding unit for the welding 
of the triple containment.The container to be welded remains 
fixed and the welding torch is rotating.For the welding of the 
lead containment, the torch is oscillating while rotating.The 
optimal values of the welding parameters were determined in 
simulated active conditions; they are reported in Table II. 
­ a leak testing equipment for the inner container. 

Inactive reception tests were carried out with the first 
design of the hulls primary box and all the manipulations 
inside the cell in simulated active conditions were successfu­
lly tested. 
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Β.3.TRANSPORT OF REPRESENTATIVE CLADDING HULLS 
The incompatibility between the shipment facilities at 

KfK and the reception facilities at CEN/SCK has led to the a 
rather complicated transportation scheme which is shown in 
Figure 1. ■ 
Finally, the transportation scheme had to be reviewed since 
the GNS­11 transport container initially foreseen , will not 
be available.The use of a TN­2 container instead of the GNS­
11 has been investigated.The final design of the primary box 
had not yet been received from KfK so that final reception 
tests could not be realized. 
Finally, the situation was blocked at KfK since no hulls could 
be made available at KfK and since CEN/SCK decided to tem­
porarily stop the programme in the expectation of a revised 
arrangement taking into account the dismantling costs. 
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TABLE I : COMPACTION TESTS WITH ZIRCALOY 

PARAMETER 
CHANGES 
WITH 

RESPECT TO 
REFERENCE 
PROCEDURE 

none 
1 mm Pb 
1 mm Al 
step 
compaction 
200 β post 
compaction 

COMPACTION PRODUCTS 
DENSITY 

% T.D. 

79.8 

78.5 

80.0 

VRF 

5.32 
5.00 
5.00 

5.20 

5.25 

CLADDING 
MATERIALS 
CONTENT 
kg.dm-3 

4.29 
4.01 
4.05 

4.19 

4.23 

TABLE II : WELDING PARAMETERS 

CONSTANTS: WELDING TORCH DIAMETER 1.6 mm 
OSCILLATION FREQUENCY 3 Hz 

PARAMETERS 

TORCH 
DISTANCE mm 
ROTATION 
SPEED rpm 
WELDING 
CURRENT A 
OSCILLATION 
AMPLITUDE mm 

S.S.INNER 
CONTAINER 

1.5 

0.81 

50 

3 

LEAD 
CONTAINER 
WELDING 
PASS 

1 2-5 
1.5 0.8 

0.81 0.81 

50 50 

7 7-12 

S.S.OUTER 
CONTAINER . 

1.5 

0.81 

75 

3 

117 



FIG 1. TRANSPORT OF ACTIVE HULLS 

DISTRIBUTION OF HULLS IN PRIMARY BOXES 
STACKING OF 6 BOXES IN 125 L DRUM AT WAK 

PACKAGING OF 125 L DRUM IN 200 L DRUM 
+ SHIELDED TRANSPORT CONTAINER 

TRANSPORT OF DRUMS WAK-KfK 

RECEPTION AND EMPTYING OF 125 L DRUMS AT KfK 

PACKAGING OF 3 PRIMARY BOXES IN DD CONTAINER 
AND LOCKING OUT OF DD CONTAINER 

PACKAGING OF 6 DD CONTAINERS IN TN-2 CONTAINER 

C TRANSPORT KfK - CEN/SCK 

UNDER WATER RECEPTION OF TN-2 CONTAINER AT BR2 

TRANSFER OF DD CONTAINER TO BR2 HOT CELL 

RECEPTION AND EMPTYING OF DD CONTAINER 

PACKAGING OF BOXES IN TRANSPORT CONTAINER 

C I TRANSPORT FROM BR2 TO HULLS PROCESSING CELL 
I 

RECEPTION OF BOXES INTO PROCESSING CELL 
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CONDITIONING OF FUEL HULLS AND STRUCTURAL MATERIALS 

BY HIGH PRESSURE COMPACTION 

Contractor: Kf K, Karlsruhe, Federal Republic of Germany 
Contract No.: Fl 1W­0020­D (Β) 
Duration of contract: July 1986 ­ December 1989 
Period covered : January 1989 ­ December 1989 
Project leader: H. Frotscher 

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 1201 insert drums without reduction 
in volume, packaged into 2001 hooped barrels and transferred to an intermediate storage 
facility. 

The concept chosen for conditioning H + S wastes from the WACKERSDORF 
REPROCESSINGPLANT (WAK) was analogous to the WAK process with the difference that 
the wastes are embedded into concrete in 3301 insert drums and packaged into 4001 
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 Q­brine at 90

C
C. 

2.3.5 Design and manufacture of press­dies and press­punches as 
prototype tools. 

2.3.6 Conceptual design of a press facility for active H ­t­S waste 
compacting. 

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

Ç. PROGRESS OF WORK AND OBTAINED RESULTS STATE OF ADVANCEMENT 
A major part of the working programme aimed at the development of the radioactive 

cladding waste technique consists in conceiving a suitable pressing machine. Cold pressing 
of bulk claddings accompanied by large reduction in volume calls for high pressing forces 
with long effective path length at relatively low plunger velocities Only so­called force­

dependent pressing machines are suited for this purpose. These are, in principle, the 
hydraulic presses. 
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PROGRESS AND RESULTS 

2.3.5. 2.3.6 Design and manufacture of press-dies and press punches as prototype tools 
and conceptual design of a pess facility for active H + S waste compacting 

The concept of a horizontal 4-cylinder press to be installed in the Hot Cell was selected 
as the best solution out of several investigated concept variants / 1 / 

This report contains conclusions to the planning engineer about technical details of 
the selected concept. Its major advantages, namely 
- little construction height of the press 
- little mounting weight of the press components 
- crane hook technique for remote assembly and maintenance 
- simple cell block 
do not demand particular requirements on the size and equipment of a conditioning cell. 
It allows the backfitting of an existing conditioning cell. This aspect has become of topical 
interest after the abondonment of the WACKERSDORF REPROCESSING PLANT and the 
obligation to take back hull waste from abroad, which has to be conditoned in a suitable 
way. 

A special advantage of the concept is the modular design of the press which is open on 
all sides (Fig. 1). The using of the crane hook technique presuppose the free accessibility 
from top. 

Fig. 1 shows also the main design details of the press: main-plate (1), mobile head-
plate (2), piston-cylinder units (3), extended piston rod (4), press die (5) and ram (6). The 
press has been designed for a maximum compressive force of 25 MN. The axial ram pressure 
is about 200 MPa, the necessary oil pressure in each piston-cylinder unit is about 30 MPa. 

Fig. 2 shows the functioning principle of the waste form production and the loading of 
the COGEMA container. The four main functions and the adequate working positions of the 
ram and the die are shown. 

A concept is worked out for the remote repl acement of weari ng parts of the pressi ng 
tools and the maintenance of the four piston-cylinder units. It is planned to use exclusively 
the crane hook and impact wrench technique for these operations. Sealings of the press 
piston are replaced outside of the conditioning all. For this purpose, the complete piston-
cylinder unit is transferred in a 4001 drum into the service cell which is accessi ble for 
personnel. It is planned to demonstrate the most important remote handling operations on 
a presently built four-cylinder functional model in technical scale. 

2.3.7 Transport of active hulls and active densified products 
The pressing tests with active WAK hulls at MOL have not yet been performed. The 

main reason for this delay has been the long phase of shutdown of WAK. SCK/CEN has 
meanwhile advised us that the active test at MOL are not practicable during this contract 
duration. 

LIST OF PUBLICATIONS 

IM H. Frotscher, KfK 
Presentation of the progress meeting of working group no 2 
on October 11-13,1989, at Karlsruhe (D). 
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Fig. 1 : HORIZONTAL FOUR-CYLINDER PRESS 

1 HULL TIN 
PROVIOED 

2 PRESS LOAOEO 

3 HULL TIN 
PRESSED 

t PROOUCT 
EJECTEO 

Fig. 2: FUNCTIONAL PRINCIPLE FOR WASTE FORM PRODUCTION 
AND LOADING OF COGEMA CONTAINER 

- 1 2 1 



SOLIDIFICATION OF TRU­WASTE BY EMBEDDING IN A CERAMIC MATRIX 
Contractor : Kernforschungszentrum Karlsruhe GmbH / FRG 

Institut für Nukleare Entsorgungstechnik (INE) 
Contract N° : FI1W/0021­D (Β) 
Duration of contract : July 01, 1986 ­ December 31, 1989 
Period covered : January 1989 ­ December 1989 
Project Leader : A. Loida 

A. OBJECTIVES AND SCOPE 
Ceramic materials are evaluated as a matrix for TRU­wastes, i.e. 

dissolver residues from reprocessing, liquid alpha­Concentrates from fuel 
element fabrication, residues from the dry incineration and from the acid 
digestion of TRU­wastes, as well as actinide sludges precipitated from 
MAW­solutions. 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 m a x = 1300°C for about 10 
minutes. 

This way of TRU­waste immobilization has been demonstrated using all 
kinds of original TRU­waste known until now on lab­scale. The leach rate 
for actinides is less than 1 E­7g/cm2d in water and salt brines at room 
temperature, the average open porosity < 5 vol%, 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 wtZ) and (ii) by si­
multaneous ceramization of several waste streams. 

B. WORK PROGRAMME 
1. : Determination of the maximum waste loading for the alumosilicate 

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

2. : Determination of the maximum waste loading for the alumosilicate 
ceramic matrix with TRU ashes; characterization of the final pro­
ducts. 

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. 

4. : Determination of the maximum waste loading for the alumosilicate 
ceramic matrix with sludges, precipitated from TRU­solutions of 
the fuel element fabrication; characterization of the final pro­
ducts . 

5. : Ceramization of. TRU­waste­mixtures, according 1­4; characteriza­
tion of the final products. 

6. : Development of a technical process for the ceramization of TRU­
waste. Construction of a pilot plant. 

C. PROGRESS OF WORK AND RESULTS OBTAINED 
State of advancement 

Main item during the year 1989 was the preparation, respectively the 
characterization of very high TRU­waste loaded alumosilicate­based 
ceramics KAB 78 containing 
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­ TRU­slurries from simulated filtrate solutions, generated in the 
frame of the fuel elements fabrication. 

_ TRU­waete stream mixture consisting of dissolver residues, TRU­
ashes, slurries, precipitated from alpha­active solutions. 

X­ray powder diffractometry, optical light microscopy and scanning elec­
tron microscopy were the mostly applied investigation methods. 
R&D­work on the development of a technical TRU­waste ceramization process 
has been performed in connection with the construction of a pilot plant. 

Progress and results 

4. Determination of the maximum waste loading for the alumosilicate 
ceramic matrix with sludges, precipitated from TRU solutions gene­
rated during the fuel elements fabrication 

Experiments concerning the ceramization of TRU­slurries precipitated from 
filtrate solutions originated during the fabrication of MOX­fuel elements 
have been performed using a Pu­doped simulated solution where the TRU­
βlurries have been precipitated by alkalization and then separated from 
the filtrate, with a following washing step. 
Subsequently five series of ceramic pellets have been produced with a 
TRU­sludge load from 20 to 60 wt­Z, using the KAB 78 ceramic raw mate­
rials. In function of the increasing waste loading degree the samples 

­ densities increase from 3.05(7) to 3.68(7) g/cm3, 
­ compressive strenght decrease from 448(46) to 284(20) N/mm7 . 
­ open porosities remain below 1 Vol.Z. 

Ceramographic investigations of these series of ceramics have been per­
formed by means of optical light microscopy, alpha­autoradiography and 
half­automatically working image analysis so far. 
The microstructure of these ceramics consists of a very fine grained ma­
trix (grainsize >1μπ>) and randomly distributed inclusions (sizes up to 
100 μπι), which might be related to a Fe­rich phase. The (U,Pu)02­phase 
was recognized as well. 
Leaching tests according to the ISO­draft using Q­brine as leachant yiel­
ded plutonium leachrates between 2.5 E­7 and 8.5 E­8 g/cm2d after 50 days 
of total leaching time. 

5. Ceramization of original TRU­waste mixtures, consisting of dissolver 
residues, TRU­ashes, TRU­slurries, precipitated from alpha­active 
waste solutions. 

Aim of this item was the experimental demonstration on the feasibility .to 
immobilize several waste streams simultaneously by ceramization, which 
might contribute to reduce the process expenditure and the final product 
volumes as well. 
Dissolver residues, TRU­ashes, TRU­slurries, precipitaed from different 
alpha­active solutions (as described by items 1­4) have been mixed in 
equivalent proportions (wt.Z). The resulting waste mixture was than homo­
geneized with the ceramic raw materials KAB 78 in order to produce cera­
mic products with waste loadings from 20­60 wt.Z. The maximum sintering 
temperature were in the range between 1300 and 1360°C with 20 minuntes 
holding time. 
In funtion of the increasing waste loading the samples 

­ densities increases from 3.40(6) to 3.90(5) g/cm3, 
­ compressive strengths decrease from 355(45) to 150(430)N/mm2 , 
­ open porosités increase from 3.4 to 8.8 VolZ. 
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The microstructure of these samples consists of a very fine grained ma­
trix (0<1μιη), mostly corundum, mullite, a glassy phase and inclusions 
sized from several hundred microns down to submicroscopical diameters, 
which are belonging to the waste related phases. 
ISO­draft related leaching tests using Q­brine as leachant yielded pluto­
nium leachrates between 5 E­7 and 1 E­7 g/cm2d after 50 days of total 
leaching time. 

6. Development of a technical process for nuclear waste ceramization; 
construction of a pilot plant. 

The development of a technical process on nuclear waste ceramization has 
been performed by investigations on the most complicated process steps, 
using inactive equipments in a (half)technical scale. A twin screw ex­
truder and the related dosing unit, which is able to achieve a throughput 
of 10­15 kg/h of ceramic green ware containing dissolver residues has 
been installed. The installation of a (half)technical heat treatment 
equipment has been performed, too. 
Series of experiments focused on the process development have been car­
ried out with emphasis to the process steps (i) "mixing" of ceramic raw 
materials and waste compounds, (ii) "handling" and transportation of 
waste streams, (iii) "heat treatment" of the ceramic green ware, includ­
ing the off­gas­treatment. 
Special problems on transporting high concentrated suspensions of dissol­
ver residues could be solved by increasing its viscosity, by adding Si02­
aerosol, which avoids the sedimentation of solid particles. 
The suitability on the performance of drying the green ware, respectively 
the waste suspensions, by passing a heated region of the extruder could 
be demonstrated principally. The required viscosity of the ceramic green 
ware to be extruded can be achieved by a following remoisturation. This 
procedure allows tò achieve every desired loading degree of the ceramics, 
without respecting the amount of solid fraction of the waste slurries. 
The final product qualities corresponds to those of TRU­waste ceramics 
synthesized by lab­scale technique. Transferring the nuclear waste cera­
mization process into a technical scale might be performed under resonab­
le conditions. 

D. PUBLICATION 
Loida, Α., Solidification of TRU­Wastes by Embedding into an Alumi­
niumsilicate Based Ceramic Matrix, 91st Annual Meeting of the Ameri­
can Ceramic Society, April 23­27, 1989 Indianapolis; Advances in 
Ceramic­Nuclear Waste Management (1989). 
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TREATMENT OF REPROCESSING CONCENTRATE BY EXTRACTION 
CHROMATOGRAPHY AND INORGANIC ION EXCHANGE 

Contractor: Kernforschungszentrum Karlsruhe, 7500 Karlsruhe, 
F.R.G. 

Contract No.: F1IW-0022 D 
Duration of Contract: July 1986 - June 1989 
Period covered: January 1989 - June 1989 
Project leader: W. Faubel 

A. OBJECTIVES AND SCOPE 

In the F.R.G. low and intermediate level liquid wastes arising during repro­
cessing operations are currently mixed and evaporated. The resulting waste, called 
"reprocessing concentrate", is then conditioned into cement of gamma emitters (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 if reprocessing concentrate can be split into a highly active fraction which 
could be added to high level waste for vitrification and a low active fraction capable 
to be managed without cement shielding. To this end, previous studies have shown 
that decontamination factors higher than 280, 12 and 6 should be reached for cesium, 
antimony and ruthenium, respectively. 

Because decontamination of reprocessing concentrate revealed difficult or 
ineffective by means of chemical precipitation especially for antimony and 
ruthenium, this research activity foresees the implementation of inorganic ion 
exchange and extraction chromatography as treatment processes. 
Therefore the main objective of this contract is to asses the performances of these 
alternative treatment processes for decontamination of reprocessing concentrate. 
The contract deals with the demonstration and feasibility for decontaminating 
medium level reprocessing concentrate through successive treatment involving 
experiments in 1, 20, and 100 1 scale with simulated in an 1 and 20 1 scale genuine ILW 
solutions. 

B. WORK PROGRAMME 

2.2 Complementary lab-scale experiments 
2.3 Equipment installation for scale-up experiments 
2.4 Inacitve testing with 20 and 100 1 ILW simulants 
2.5 Active testing in a 20 1 scale in glass columns 
2.6 Hot-cell decontamination and removal of the equipment 
2.7 Data evaluation (design and flow sheet) 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 
The technical feasibility of the partitioning of genuine concentrated nitric acid 

intermediate level waste (ILWC) has been already demonstrated last year in a 1 1 
scale and the amount of secondary waste raising from the exchanger materials was 
estimated to about 300 kg. Whereas for Cs, Am, Eu, and Ce the breakthrough 
capacities had been determined before, this was in the case of Sb and Ru only possible 
by performing 10 1 experiments with genuine ILWC. 
As a final experiment in order to prove the feasibility of the chromatographic system 
10 1 ILWC from the German reprocessing plant (WAK) have been decontaminated in a 
hot cell by a filtration step on glass wool, absorption of organics on Bio Beads SM 7, 
removal of cesium in the suspended bed column using AMP-1 and retention of the 
remaining nuclides, Sb and Ru, on manganese oxide and dimethylglyoxime on carbon, 
respectively. 

Progress and results 
The technical feasibility of partitioning concentrated nitric acid intermediate-

level waste (ILWC) solutions from the Purex process into a small volume of high-level 
waste and a large volume of low-level waste using sorption methods is demonstrated 
for 11-1 batches. 
Cesium-134 and

 137
Cs are selectively separated with a decontamination factor (DF) 

greater than 1 χ 105 in a newly developed "suspended-bed" column filled with the 
microporous inorganic exchanger ammonium molybdophosphate. The i25Sb and the 
actinides and lanthanides with a 3+ valence state are retained with DFs between 40 
and 1000 on metal oxides of antimony and manganese and on an extraction column 
containing n-octyl (phenyl)N,N-disobutyl carbamoyl methyl phosphine oxide, 
respectively. Ruthenium-106 and 60Co are removed in a column loaded with dimethyl 
glyoxime and have DFs greater than 20. 
The amount of secondary wastes arising from absorber materials was estimated 
earlier on the basis of 1 1 experiments to be 300 kg for a 350 t/yr reprocessing plant 
with an ILWC volume of - 0.5 m3/t of heavy metal. 
One of the main goals of this work was to check out the influence of a "scaling up" 
from laboratory scale to pilot plant operations. In this frame the comparison of the 
arising secondary wastes, estimated from the above mentioned 1 1 experiments with 
the larger 111 active experiments has shown that these wastes will be 1000 kg as 
calculated on the basis of exact results for the break-through points of i25Sb and 
106RU (Table I). 

The second important aim of the work was to reach a decontamination of the ILWC, 
sufficient to meet the requirements of regulations limiting the dose of a transported 
containment to 2 mSv/h at a 1-m distance from the surface. Using the values 
obtained in this work for cementing the LLW effluent into 400-1 drums at a 10 wt% 
loading, lead to a value of ~ 100 pSv/h; thus, this waste can be considered as LLW, 
which can be handled without any shielding. 

Solving the problem of partitioning ILWC into a large volume of LLW and a relatively 
small volume of HLW raises the question of how to minimize the "secondary HLW" 
consisting mainly of the column materials used for the separation of the different 
elements, which are loaded with activity. 
The distribution of the gamma-emitting nuclides on the filter and the various columns 
was determined in single experiments taking samples before and after each separation 
step. The results are summarized as follows: All the nuclides can be found to some 
extent on the filter, especially 106RU and i25Sb (~ 45 %), whereas the Bio Beads SM 7 
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sorbing the organic contaminants are free from activity. The rest (85 %) of the 
134 + 137CS is selectively retained on AMP-1; thus, these isotopes do not reach the 
metal oxides, which show a very nonspecific sorption behaviour, completely removing 
the remaining 56 % of i2&Sb and adsorbing the other isotopes to a certain degree. The 
residual actinides and lanthanides (55 %) with a +3 valence and the remaining cobalt 
and ruthenium (59 and 27 %, respectively) are taken out of the solution in the CMPO 
and DMG columns, respectively. 
It can be concluded from these results that the secondary waste can be treated 
individually according to the regulations of each country. The AMP-1 can be dissolved 
in alkaline media and used as a radiation source after solidification in a stable matrix 
or added to the HLW vitrification process. All the other columns can be considered 
for cementation or the glass wool filter at the moment. The Bio Beads SM 7 can be 
treated as LLW. 

Tabelle I: Secondary wastes calculated on 11 1 experiments 

Material 

Glass wool 

SM 7 

AMP-1 

Sb205/Mn02 

CMPO 

DMG 

Absorbens 

Element 

precipitate (Ru) 

organic 

Cesium 

Antimony, Molybdenum 

Am, Eu, Ce 

Co, Ru 

Amount of 
elements 

(g/350 tSM) 

-

-

105 

1155 

552 

5600 

Total 

Amount of 
absorber 

1 1(kg) 

70* 

50* 

2 

70* 

30 

70* 

292 

(350 t/a) 

111 (kg) 

92 

128 

2 

553 

30 

252 

1057 

* estimated values 
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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 D (Β) 
Duration of contract: September 1987 - December 1989 
Period covered: January - December 1989 
Project leader: Η 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 representative 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 
2.4.2. Continuing the experiments on the bonding of protium to zirconium sponge. 
2.5 Proposal of a new and simple procedure for the zirconium hydride formation. 
2.5.1 Proposal of a suitable waste packaging for transport and disposal. 
2.6 Handling of hydrogen and transport - disposal operations in respect of safety. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

The experiments on the bonding of protium to zirconium sponge samples were continued up 
to 100 g and finished. As a result of these experiments a new and simple procedure for the zirconium 
hydride formation is proposed. Hydrogénation takes place each with 100 g batches of zirconium 
sponge, so there is no need for a large-scale facility for handling and fixing HT which is only operated 
sporadically and thus exposed to deterioration during the downtimes. 
In respect of safety, since fairly small quantities of tritium and protium (183 Ci of tritium in 22 litres 
of HT gas) are handled per charge the accidental potential is very low. Accumulation and storage of 
the approx. 10 m of HT gas is thus dispensed with. The HT gas continously arising during 
enrichment in the CECE process can be directly fixed on zirconium sponge in batches of 22 litres. 
A suitable waste packaging for transport and disposal in geological formations in proposed. 
Concerning the transport and disposal operations for packaged wastes the criteria established by the 
german safety authorities for this waste type are outlined. 

Progress and results 

Our numerous experiments provided the following results: 
The reaction of Zr with Hj for the formation of ZrH j g best proceeds with sufficient reaction rate at 
a temperature of approx. 800 °C. Below this temperature there is a danger that the reaction might be 
arrested since a passivation of the materials results from Zr hydride formation at its surface and that 
a post-diffusion of H2 molecules with less molecular motion at lower temperatures no longer takes 
place with adequate rapidity. The temperature thus drops further and the reaction for Zr hydride 
formation comes to a complete standstill. The formation which starts at room temperature and within 
a short period reaches a temperature of 850°C in the Zr sponge only leads to a through-reaction if a 
sufficiently high H2 concentration is supplied. The optimum was determined by us as an H 2 
concentration of 5 - 10 % of the total H2 quantity required for stoichiometric loading. For 50 g of Zr 
sponge a continuous Hj pressure of 700 - 800 hPa must be available in the used apparatus in order to 
achive complete Zr hydride formation. (Table 1 and Table 2). We therefore propose the following 
procedure: In each case 100 g of Zr sponge is loaded with 0.985 mol HT (22 ni) to ZrHT1 g . For the 
reaction start 10 % (22 ni HT) should be immediately admitted into the evacuated hydrogénation 
vessel where the "activated", i.e. pretreated by annealing for 2 hours at 500°C in a vacuum (10 - 5 
hPa), Zr sponge is situated. Hydrogénation may be implemented in quartz glass vessels. Apart from 
the possibility of visually following the reaction sequence, even at 850 - 900°C quartz glass has an H , 
permeability four orders of magnitude smaller than that of steel. 

The mechanical stressing of the glass due to the increase in volume of the Zr sponge during 
hydrogénation, which could lead to fracturing the glass, is prevented by placing the pieces of Zr 
sponge in a wire cage (wire thickness: 0.65 mm) leaving a space of approx. 2 mm from the quartz 
glass walls. 
A problem still to be solved is the precise measurement of the Hj quantity being rapidly fed in. This 
is important in order to achieve the desired stoichiometric loading. - The zirconium hydride formed is 
compact and not brittle. 
At the end of the reaction when a residual H2 pressure of 10e -10 hPa has been achieved, 11 mCi 
to 11 M Ci of tritium is still present in the hydrogénation apparatus (starting from an HT with 
032 % T). The apparatus is therefore flooded with protium which is then catalytically oxidized to 
HjO and frozen out in a cold trap whereby the residual tritium is removed to such an extent that the 
hydrogénation vessel can be flanged of in the glove box. Still in the glove box the wire cage with the 
100 g of hydrogenated zirkonium sponge is removed and placed in the stainless steel cask until it is 
full for final storage. This stainless steel cask (volume: approx. 2Ã litres) can be closed by means of a 
Leybold flange with aluminium gasket and tension chain. 
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Two container concepts are designed to accomodate ten stainless Steele cylinders each containing Zr 
sponge as the carrier material for binding tritium. Due to the same number and type of Zr hydride 
cylinders (stainless steel cylinders) contained in the package variants, the stored nH activity inventory 
is always 2.5Ί0 Bq (approx. 67,500 Ci) in both final packages. The ten cylinders are placed into 
positions of a carrier basket contained in the inner canister both are manufactured from corrosion 
resistant steel. They are similarly designed for both container concepts and thus exchangeable with 
respect to the package variants. - Since a multi-shell package with double barrier function is 
envisaged for the safe containment of the radioactive contents, the inner canister is designed as a 
leaktight enclosure representing the first barrier with respect to activity release. The inner canister 
bolted with a lid contains several gaskets and test closures as a first sealing barrier for checking the 
seal function and is designed so as to ensure leaktight containment of the inventory for loads occuring 
under operating conditions. Consequently, the mechanical designe of the inner canister is based on 
the following load cases occuring simultaneously: 
- Max. acceleration and delay of 10 g in handling 
- tightening pressure of bolts to overcome the metal O-ring resistance 
- max. overpressure of 0.7 MPa within the inner canister. 
The differences between the two container concepts proposed therefore relate only to the outer 
packages due to the uniform inner canister concept for both variants. However, the outer packages 
proposed must both exhibit the same safety properties and posses the following protective functions 
as a second barrier: 
- mechanical and thermal protection against operatinal and accident doads 
- leaktight containment of the radioactive contents 
- corrosion protection. 

The variant A outer package will be the standardized type Π cast-iron container which is already 
available in large numbers and has been licensed as a type Β package under road traffic law. 
Moreover, it fulfills the requirements for waste category-Π containers stipulated in the provisional 
conditiones for acceptance at the KONRAD repository. A type B licence is required for both outer 
packages (variants A and B) due to the high activity inventory. The type B properties still have to be 
demonstrated for variant B in a type test procedure. - The advantages of the special variant B 
container adapted to the inner canister result from its weight being lower by a factor of 1.6. Besides 
lower space requirements for interim storage, the outer package B offers better resistance to external 
presureloads in a repository due to its smaller diameter. The bolt connections for both outer 
packages are designed in such a way that the stresses in the fillister-head screws are by a factor of 3.4 
to 5.2 below the yield point of 640 N/mm for property class 8.8 screws in the event of simultaneously 
occuring operational loads such a handling acceleration of 3 g and an internal overpressure of 7 bar. 
This ensures the safe containment of the radioactive inventory at any time under operating 
conditions. (Fig. 1 and Fig. 2) 
The provisional conditions for acceptance at the KONRAD repository / l / only permit a max. activity 
inventory for tritium as HT of 9.6 χ 10 Bq per container. The package concept under consideration 
does not comply with this limit. The final disposal capability of these packages for the KONRAD 
repositories will have to be demonstrated in a separate procedure. The relevant procedure is 
described in Annex ΠΙ.1, last but one section, of the provisional conditons for acceptance at 
KONRAD / l / . - The final disposal package concept under consideration emplies with the annual 
permissible limit of 9.6 χ 10 Bq so that final disposal should be possible via a separate procedure. 
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DECONTAMINATION OF Pu-CONTAINING INCINERATION ASHES 
Contractor: KfK, Karlsruhe, Federal Republic of Germany 
Contract No.: FI1W/0140 
Duration of contract: October 1987 - January 1990 
Period covered: January 1989 - December 1989 
Project leader: K. Gompper 
A. OBJECTIVES AND SCOPE 
The incineration of Pu containing waste (PCW) is one of the 
most promising treatment options because of its high volume 
reduction factor. In this respect, the arisings of Pu contai­
ning incineration ashes are expected to increase in the near 
future. As the Pu content in these ashes may reach high fi­
gures (up to 10 wt.-%) their disposal could become problema­
tic in consideration of disposal criteria set up by safety 
authorities. Likewise, it may be valuable to recover Pu from 
these ashes for recycling purposes in LWR's. Therefore, the 
setting up of an effective Pu recovery process appears worth-
wile. 
The main activities of the project are: 
- Analysis of literature data on Pu recovery processes 
- Evaluation of the experimental results of the ALONA plant 
for decontamination of the Marcoule alpha ashes. 

- Experimental activities for setting up a suitable process. 
- Assessment of the perfomance of this new process. 
- Preliminary cost evaluation for a plant prototype. 
B. WORK PROGRAMME 
2.3. Literature survey 
2.4. Evaluation of the experimental test performed in the 

ALONA plant. 
2.5. Experimental tests 
2.5.1. Characterization of the KfK and Marcoule incinerator 

ashes. 
2.5.2. Ashes pretreatment 
2.5.3. Pu recovery from ashes 
2.5.4. Pu purification 
2.5.5. Evaluation of secondary waste 
2.6. Drawing-up of flow sheets 
2.7. Cost evaluation 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
The sulfuric acid/nitric acid system has proved to be 

generally useful in the treatment of plutonium bearing ashes 
produced by EURCHEMIC in the ALONA facility. It has been pos­
sible to convert into Pu(S04), up to 99% of the insoluble plutonium. However, it appeared that the concentrated sulfu­
ric acid used in PuO, digestion had to be completely replaced 
as early as after about 0.6 kg ash per liter throughput, on 
account of its being saturated with dissolved residue. In or­
der to avoid this drawback, the majority of the inactive ac­
companying substances must be dissolved from the ashes before 
PuO, can be actually digested using sulfuric acid. Nitric 
acid is examined as an eligible solvent because it is used 
anyway to oxidize the carbon left in ashes. 

The experiments have been continued with two ashes (1-7-
88 and 1-8-88) from inactive trial operation of the new KfK 
incineration furnace. The have served as model substances. To 
characterize them, the carbon and chlorine contents have been 
determined and X-ray diffraction diagrams taken of the crys­
talline phases. The experiments have centered around investi­
gations into the behaviour of the ashes with respect to sul­
furic acid and nitric acid in order to obtain information 
about the solubility of the ash constituents. It has been the 
target to extend the duration of reaction of sulfuric acid as 
digesting reagent for Pu02 by elimination of the soluble ash constituents through pretreatment with nitric acid. 
2.5.1. CHARACTERIZATION OF THE KfK INCINERATOR ASHES 

The ashes do not contain any chlorine and only 1-2% car­
bon. The calcite and anorthite crystalline phases and, to a 
lesser extent, mullite were detected. 
2.5.2 ASHES PRETREATMENT 
- Behaviour with Respect to Sulfuric Acid 

Both ashes (1-7-88 and 1-8-88) were subjected to the 
conditions of Pu02 digestion in sulfuric acid. The ash to sulfuric acid ratio was varied from 100 to 500 g/1. The solu­
bility of most of the ash constituents is not dependent on 
the ash to acid ratio. Only for sodium and calcium the solu­
bility decreases with increasing ash concentration. The two 
ashes were nearly identical in their solution behaviour de­
spite the slight differences in chemical compositions. 
- Pretreatment of the Ashes with Nitric Acid and Digestion of 
the Residues in Sulfuric Acid 

By pretreatment with nitric acid it was possible to dis­
solve a much higher percentage of the ash constituents than 
with water. On the whole, the ash 1-8-88 was slightly less 
soluble in 2-14 molar nitric acid (about 25%) compared with 
the ash 1-7-88 (about 30%). The best solubility of more than 
80% was achieved for calcium. Except for Cr, Fe and Mg, no 
noticeable influence has been found of the acid concentra­
tion. For chromium and iron the solubility slightly increases 
with increasing acid concentration, whereas it decreases for 
Mg. The results are similar to those obtained for the ash 1-
7-88. 
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By heating of the residue in sulfuric acid the solubili­
ties of the elements Na, Κ increased by a factor of 2­3, that 
of the other ash constituents rose hardly. 
2.5.3 Pu­RECOVERY FROM ASHES 

During the period of reporting the recovery of plutonium 
from two α­bearing ashes has been investigated. The ashes 
have been treated in three steps: 

Pretreatment includes boiling in diluted nitric acid 
(step 1). The non­dissolved residue is treated with con­
centrated sulfuric acid at 250°C in order to digest plutonium 
oxide (step 2). This step serves to transform plutonium oxide 
in sulfate which is precipitated almost quantitatively. To 
dissolve plutonium sulfate the insoluble residue is picked up 
with diluted sulfuric acid or nitric acid, respectively (step 
3). The dissolved plutonium produced in that step can be re­
turned for further processing after it has been purified. The 
rate of recovery is determined by comparision of the concen­
tration of the dissolved plutonium in step 3 with the pluto­
nium originally present in the ashes. 
­ Ashes D EUR 1/1 

These ashes stemmed from waste produced at EUROCHEMIC, 
which was incinerated in Marcoule. Their Pu­content was 94 
mg/g. 3­5% of plutonium present in the ashes got dissolved 
during pretreatment with 1 molar nitric acid. 3­7% was meas­
ured in the concentrated sulfuric acid after a digestion 
period of 8 hours. After the last step, i.e. dissolution of 
plutonium sulfate, between 77 an 90% of plutonium was found 
in the diluted sulfuric acid, which means that the rate of 
recovery in these experiments was between 77 and 90% (Figure 
la) . 
­ Ashes 1­8­88PU 

These ashes stemmed from the inactive trial operation of 
the new KfK incineration facility. They served as model sub­
stances for residues from this type of incinerators . It is 
not intended at KfK to recover plutonium from the α­bearing 
ashes. 

The ashes were added plutonium oxalate and heated to 
800°C. The plutonium content of 1;3 mg/g was about 70 times 
lower than in D EUR 1/1. In order to allow a comparision to 
be made, the experimental conditions corresponded to those 
for the ashes D EUR 1/1. 

After step 1 only 1­2% of plutonium originally present 
in the ashes were found in 1 molar HNO^. The concentrated 
sulfuric acid used for digestion contained between 44 and 64% 
because the plutonium sulfate formed due to the low plutonium 
concentration remained dissolved. Only 6­10% was found in 0.1 
molar sulfuric acid. Between 27 and 47% of plutonium 
remained undissolved in the residue. (Figure lb). Subsequent 
work has concentrated on the extention of the digestion 
period. Moreover, the sulfuric acid digesting reagent has 
been used repeatedly to further reduce the plutonium losses. 
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Thermal denitration of reprocessing concentrate 

Contractor : CEA, CEN-Cadarache, France 
Contract ne FI.1.W.0141 
Duration of contract : January 1988 - December 1989 
Period covered : January 1989 - December 1989 
Project leader : C. BRUGNOT 

A. OBJECTIVES AND SCOPE 

To reduce radioactive discharges in environment at the 
Marcoule reprocessing plant, the treatment of low and medium 
level liquid wastes by evaporation will take the place of 
chemical precipitation process. Due to the high sodium nitrate 
concentration of liquid wastes, the bituminization of 
concentrate will give rise to large volumes of waste forms for 
disposal in geological formation. 

For safety objectives and to reduce the volume of 
wasteforms, it is important to destroy the nitrates ; different 
processes have been examined (electrodialysis, biological 
denitration, chemical denitration, calcination) but the 
fluidized bed calcination was chosen. 

This project presents six main points : 
- Analysis of the litterature data to show what advantages 

and drawbacks are for each denitration process which is quoted 
before. 

Conception and realization of a fluidized bed 
calcinator. 

- Determination of the working conditions by studying in 
discontinuous working the influence of different parameters. 

- Tests in continuous working. 
- Evaluation of results and study of a conditioning way 

for the products obtained by calcination. 
- Elaboration of a plan for an industrial plant able to 

come up to the expectations of the Marcoule reprocessing plant. 
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Β. WORK PROGRAMME 

2.2. Definition of the aims of the treatment ; modification 
involved by evaporation for the treatment of low and medium-
level wastes will be studied. 
2.3. Analysis of different denitration processes to explain the 
choice which was made with fluidized bed calcination. 
2.4. Conception and realization of a fluidized bed calcinator 
the working of which will be explained. The treatment of 
gaseous wastes will be also described. 
2.5. Determination of working conditions by studying the 
influence of different parameters. 

3.1. Bed-temperature between 500-1000eC 
3.2. Nature and concentration of the additive used to 

prevent agglomeration of the particules 
3.3. Nature, concentration and granulometry of material 

used in the fluidized-bed 
3.4. Flow and concentration of the solution to denitrate 
3.5. Flow of the fluidizing gas 
3.6. Place and type of the atomiser (nozzle) 
3.7. Reaction time 
All these experiments will be carried out with inactive 

products, in discontinuous working. 

2.6. Experiments in continuous working 
2.7. Evaluation of the results ; the packaging way of 
concentrates will be studied. 
2.8. Elaboration of an industrial plan by extrapolating the 
characteristics of the pilot scale denitrator to an industrial 
scale. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of advancement 

To destroy the nitrates in the concentrate obtained by 
evaporation of low and medium - level wastes, different 
processes have been examined : electrodialysis, biological 
denitration, chemical denitration, calcination. Taking into 
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account the very high sodium nitrate content, electrodialysis 
and biological denitration were discarded. Experiments carried 
out at Cadarache led us to prefer calcination to chemical 
denitration by formic acid and phosphoric acid. 

A calciner was designed and built, at the pilot scale, to 
carry out experiments of denitration of concentrates. To 
position the injection apparatus, we began by experiments on a 
transparent scale-model. Thanks to the results obtained at 
150°C, we could choose the most appropriated injection 
apparatus and conclude that positionning the nozzle 
vertically, inside the fluidized-bed, was the best solution. To 
work on the pilot at higher temperatures, we have defined a 
cooling system for the brace in order that the liquid doesn't 
vaporize before being atomized in the layer of particles. We 
have begun experiments on the pilot, at about 500'C, to verify 
the working conditions determined just before. 

In parallel with this experimental study, we have begun a 
modélisation study of the particle growth in the fluidized-bed. 
The results obtained for the discontinuous . working of the 
process are rather encouraging, but they must be compared with 
the experimental ones 

Progress and results 
In a first time, different denitration processes have been 

examined. After electrodialysis and biological denitration have 
been discarded, ceramisation tests have been carried out on the 
products obtained by chemical denitration and have given bad 
results. On the other hand, the same tests carried out on the 
products of calcination have led to more attractive results. So 
the fluidized bed. calcination process was chosen, according 
with the good results obtained by different industrial plants 
at Idaho. So the calcinator was built. It must work in the 
following way : liquid wastes with a high sodium nitrate 
concentration will be mixed with aluminium nitrate and injected 
in a sand fluidized-bed, the granulometry of which will be well 
defined. Aluminium nitrate must prevent agglomeration of the 
bed particles heated between 500 and 800'C. A silicate must be 
obtained, which will be converted into nepheline (Na Al Si 04) 
by a later treatment. 

The calcinator is presented in figure 1. 
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At the top of the reactor, we find a cyclone at the exit 
of which a gas analyser is placed ; this analyser will enable 
to follow the evolution of the denitration reaction by 
measuring NO and N02· 

One of the most important problems to solve with this 
calcinator concerned the type and the position of the injection 
apparatus. Experiments have been carried out on a transparent 
scale-model. The first results obtained with non-heated 
particles have been then confirmed by those obtained on heated 
particles (at about 130"C). The injection apparatus will be a 
pneumatic atomizer working with pressurized liquid (Figure 2) ; 
the nozzle will be positionned vertically, inside the layer. 

To work on the pilot, at higher temperatures, we had to 
define a cooling system for the injection apparatus. Indeed in 
a layer of particles at about 500*C, the brace and the nozzle 
would get very hot and the liquid would be very quickly 
vaporized. So, after different estimates, we have decided to 
choose a cooling system with air circulating in two concentric 
tubes (Figure 3). 

This injection apparatus has been installed on the pilot. 
After the first experiments carried out on the pilot with 

a bed temperature of 500'C, we could verify that the injection 
system is working properly, with a constant liquid flowrate (2 
1/h) . But we have problems with the cooling system : we can 
only reach a rather low air flowrate (< 4,5 m3/h) . So we must 
verify that this flowrate will be sufficient to prevent the 
injected liquid from vaporizing. 

Nevertheless, these first experiments have been 
encouraging . We have begun a modelising study of the particle 
growth in the fluidized-bed. The injected solution will cover 
the· particles, the diameter of which will increase.So there 
will be a permanent evolution of the fluidized-layer 
characteristics, that it will be necessary to foresee, to 
control the good working of the process. If we success in 
finding the best mathematical model, it will be easier and 
faster to determine the most appropriate working conditions. 

Since we don't know the kinetics of the formation of 
nepheline (the product which must be obtained), we have used 
kinetics of particle growth. This mathematical model is based 
on a linear expression of the growth as a function of the 
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diameter (Figure 4) . The first results obtained in 
discontinuous working are rather encouraging because they 
correspond to the expected physical phenomenons. But, before 
completing them by studying the continuous working of the 
process, we will have to compare these results with the 
experimental results. 
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TASK Ν. 2 

2.C. OPTIMIZATION OF WASTE MANAGEMENT AT SOURCE 
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NO WORK HAS BEEN CARRIED OUT DURING 1989 
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T A S K N o 3 

EVALUATION OF CONDITIONED WASTE AND QUALIFICATION 
OF ENGINEERED BARRIERS 
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3.1. MEDIUM ACTIVE WASTE FORM CHARACTERISATION 
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MEDIUM-ACTIVE WASTE FORM CHARACTERISATION: 
THE PERFORMANCE OF CEMENT-BASED SYSTEMS-

Contractor: The University of Aberdeen 
Contract No.: Fl.1W.0025 UK (H) 
Duration of contract : 1 May 1986 - 31 March 1990 
Period covered: 1 January 1989 - 31 December 1989 
Project leader: Professor F.P. Glasser 

A. OBJECTIVES AND SCOPE 
Cements are a favoured material fo r immobilizing many low and medium 

level radioactive wastes; repository construction w i l l also employ large 
quant i t ies of cement. Therefore, the predict ion of eventual dose rates to 
the public w i l l require a sound understanding of cement per se and i t s 
interact ions with included radioact ive wastes, blending agents (such as 
blast furnace slag and f l y ash), steel reinforcements and groundwaters. 
Cements, pa r t i cu la r l y when blended with blast furnace slag and f l y ash, 
evolve over t ime, with changes in phase assemblage and consequently 
microstructure and aqueous chemistry. The aim of the present project is to 
achieve a greater understanding of these processes, and to develop a model 
fo r cements aged beyond laboratory t imescales, i e . > ca.30 years. The work 
is cooperative, with studies on the ef fect of radiat ion on cements being 
conducted at UKAEA Harwell (Materials Development D iv i s ion ) . 

B. WORK PROGRAMME 
2.1 Basic Property Measurements. Characterisation of the so l id 

and aqueous phases of Portland cement system and developing 
a so lub i l i t y model. 

2.2 Modified Cement Systems. Determination and character isat ion 
of the products of hydration of blended cements, especial ly 
those containing glassy slags, and the impact of these 
addit ives on so l ub i l i t y models. 

2.3.1 Cement - Waste Stream In teract ions. Determination and 
character isat ion of cement properties in the presence of 
wastes, especial ly reference waste forms, containing sulphate, 
n i t r a te and borate. 

2.3.2 Interact ion Between Cement and Constructional Mater ia ls . 
Characterisation of the reaction between cement and s t e e l , 
mainly by c r i t i c a l anlysis of the l i t e r a t u r e . 

2.4.1 Radiation S t a b i l i t y and Radiation Ef fec ts ; The impact of 
radiat ion ef fects at r ea l i s t i c dose rates wil 1 be determined 
through measurement of such factors as pH, Eh, sorpt ive 
capacity and phase s t a b i l i t y . 

2.4.2 Thermal Effects The ef fect of moderately elevated 
temperatures (up to 70 C) on the s t a b i l i t y and so lub i l i t y of 
hydrate phases w i l l be assessed. 

2.4.3 Pressure Ef fec ts . A scoping study w i l l be made of the ef fect 
of pressure on cement systems at pressures up to the 
equivalent of 500m depth. 

2.5 Selected Aspects of Cement- Near Field In terac t ions. The role 
of corrosive groundwaters and of brines w i l l be assessed. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of Advancement 
Further progress has been made on the solubility modelling of cements 

with the emphasis on validating the present model, and determining 
solubilities of relevant hydrate phases. A slag cement hydration study 
has been completed, with significant new knowledge gained on phase 
development and microstructure evolution 1n these important materials. 

The study of cement- waste stream interactions has continued; with 
work on specific nuclide behaviour in cements, in particular I and U. The 
work on rad1o1odine In cements is now largely complete. In addition, 
cements loaded with simulates of waste streams RMA.01 and RMA.08 have 
undergone investigation, thus far over a 6 month period. The interaction 
of cement with steel has been the subject of a comprehensive literature 
review, with supporting experimental work. 

Recent studies on the effect of radiation on cements has taken the 
form of comparative examination of micro -structural and -chemical 
characteristics. Thermal and pressure effects on the solubility of cement 
phases has progressed; work has focused on the important Ca(0H)2 phase. 

Investigation of groundwater effects on the durability of cements has 
concentrated on the dissolved C02 component, and is now being extended to 
Include dissolved organlcs and brines. 

Progress and Results 
2.1 Basic Property Measurements. The emphasis of model development 

for cement blends nas shifted to validating the current model, described 
1n [1,2,3]. Relevant cement hydrate phases (see Table I ) have been 
prepared, and undergone prolonged purification, by periodic filtration and 
characterisation of aqueous and solid phases (by xrd; x-ray diffraction 
and aem; analytical electron microscopy), followed by redispersion. This 
produces large datasets on the solubility properties of each phase, 
allowing the form of solubility to be determined, and where congruent, 
solubility products calculated with some confidence. Thus, CJ\Hfi and AFf 
are both congruently soluble; their solubility products have been 
calculated and added to the MINEQL computer database. As in C-S-H, many of 
the other S1-containing phases appear to dissolve Incongruently, with S1 
being the least soluble component. Compatibility experiments employing 
combinations of the purified phases are underway, to test the phase 
relations of the current model. 

An outline conceptual model 1s given 1n Figure I . The (normative) 
model allows prediction of the equilibrium phase assemblage in a cement 
blend In the pre-processor stage. Presently available computer speciatlon 
codes, modified to be more relevant to cement systems, then calculate 
pore water compositions. When combined with other relevant models, this 
will allow more accurate prediction of the cement-dominated near field 
term 1n radiological risk assessments. 

2.2 Modified Cement Systems. Work has concentrated on slag cements, 
with two papers accepted for publication [4,5] . The investigations have 
shown why these materials have such low permeability. In high slag (30-
70X) blends, the slag grains quickly (ca.l- 7d.) become coated with a 
dense gel. This coating acts as a diffusion membrane; water diffusing 
Inwards, allowing continuing hydration of the slag, while mobile ions 
diffuse outward, Into the water-rich cement paste. Figure I I shows the 
effect on the microstructure of the resulting paste. Mass balance 
calculations support the view that a net transfer of solid substance 
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occurs across slag grain boundaries, on ageing. The result is a gradual 
decrease in porosity of the paste matr ix. However, the overal l porosity of 
the system i s l i t t l e a f fec ted; pores develop in the regions formerly 
occupied by slag gra ins. Thus the paste- the continuous phase- is 
densif ied while the slag grains become more porous (see Figure I I ) . 

I t is predicted that the permeabil ity of slag cement pastes w i l l 
t y p i c a l l y continue to decrease for some decades. At present, we do not 
know how to optimize slag cement formulations to obtain target 
permeabi l i t ies. But now that the mechanism has been e luc idated, such 
predict ions can be envisaged. 

2.3.1 Cement- Waste Stream In terac t ions . The in teract ion of sulphate 
waste stream RMA.01 (225g/l Na2S04) and n i t r a te waste stream RMA.08 
(300g/l NaN03), with ordinary Portland cement (OPC) has been studied for 
samples aged to 6 months, re la t i ve to control samples. L i t t l e di f ference 
in gross mineralogy re la t ive to the controls was observed (by xrd and 
thermal analys is) . Some enrichment of Na levels in the C-S-H might be 
expected; t h i s i s yet to be confirmed, by aem analys is. Analysis of the 
pore f l u i d showed that most of the Na2S0. and NaNOj remained in so lu t ion , 
but SO. levels were depleted re la t i ve to Na. The SO. uptake on to the 
so l id phase may be due to sorption on C-S-H; again t h i s awaits 
confirmation by aem. / 

The study of U behaviour in cements continues. Uranium (VI ) - loaded 
C-S-H gels were prepared by ( i ) double decomposition, and ( i i ) d i rec t 
react ion, with target Ca/Si and U/Ca rat ios in the range 0.9 to 1.8 and 
0.001 and 0.5, respect ively. XRD on the gels prepared by ( i ) showed the 
presence of uranophane, whereas those prepared by ( i i ) showed only C-S-H 
af ter 390 days ageing. However, both sample suites gave r ise to s imi la r 
s o l u b i l i t i e s . With low Ca/Si rat io gels (0.9 to 1.4) U s o l u b i l i t y is ca. 
0.01 mo l /1 . At higher Ca/Si r a t i o , U s o l u b i l i t y is s l i g h t l y greater, at 
ca. 0.2 mo l /1 . The s o l u b i l i t y - l i m i t i n g processes are being investigated 
fu r the r . 

Work on I in cements is published in [6]._Among the main f indings 
are: ( i ) i n the absence of strong rad ia t ion , I " i s the most l i k e l y 
speci at ion of I ; ( i i ) in the short7 term, OPC is an e f f i c i e n t scavenger for 
I~ with >99% removed from a ca.10" M so lu t ion ; ( i i i ) BFS removes 85% from 
so lu t ion , but th is is l i k e l y to increase with more prolonged ageing; ( i v ) 
sorpt ion studies have shown most of the immobil ization occurs in AF and 
high Ca/Si ra t io C-S-H. Modelling (see 2.1) indicates that a 30 tS 40% 
slag blend should give r ise -to the optimum phase assemblage for I " 
(chemical ) immobi l isat ion. The use of Ag as a select ive precip i tant has 
been reviewed, and found to be of l im i ted value, due to redox and 
radio l y t i c i n s t a b i l i t y of Agi. 

2.3.2 Interact ion Between Cement and Constructional Mater ia ls . 
Extensive analyses of the mechanisms of passivation and corrosion of steel 
reinforcements in concrete have been carr ied out. The reaction products 
formed during reinforcement corrosion have also been chracter ised, by sem 
and aem. This work is reported in [ 7 , 8 ] , 

In the absence of ch lor ides, a passivating layer of spi nel-type 
phases, i e . Fe ,0 4 - yFe 2 0 3 , forms. In concretes with low w/c r a t i o , l i t t l e 
excess Ca(0H)2 forms at the s t e e l - cement in te r face , contrary to wide 
opinion. As normal corrosion proceeds, the sp ine l - structured layer 
thickens at a mean rate of 1 - 2 /< m/yr. However, even very low levels of 
chloride (ca.0.01 wt % of cement) give r ise to a concentration of CI at 
the corrosion product/concrete in ter face, and a l te ra t ion of the exist ing 
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passivating layer, favouring formation of akageneite (£­FeOOH) and 
goethite («­FeOOH). The severely degrading effect of chloride on the 
layer, as noted by others, has been confirmed. 

A model incorporating the changing chemical and transport 
characteristics of the system as a function of chloride ion concentration 
1s being developed. 

2.4.1 Radiation Stability and Radiation Effects. A microstructural 
study has been made of 3ΤΓ and 9:1 blast furnace slag/ OPC grouts which 
have been irradiated at 10 Gy/hr to a total dose of 87 MGy. Control 
samples maintained for 2 years at 50 C have also been examined. Little 
change attributable to irradiation had occured in the microstructure, 
apart from an AF. type phase present only in the irradiated blends which 
may Indicate enhanced oxidation of reduced S species to SO. under 
Irradiation. The major hydration product, C­S­H gel, remained unchanged in 
both composition (see Table I I ) and morphology, and all other observed 
microstructural features were as would be expected in such blends at 20 C. 

2.4.2, 2.4.3 Thermal and Pressure Effects. Pressure and temperature 
effects on the solubility of the important cement phase Ca(0H)2 have been 
Investigated, using a purpose built apparatus. The temperature range 
studied to date 1s 25 to 59 C, with a pressure range of 1 to 650 bars. The 
temperature range will be extended to 80 or 85 C, to cover P­T conditions 
envisaged 1n UK repositories. Sufficient time has to be allowed for 
equilibration of Ca(0H)2 solubility, typically 10 to 30 days. 

With Increasing temperature solubility decreases (well documented). 
At a given temperature, increasing pressure Increases Ca(0H)2 solubility, 
especially at higher temperatures, as shown in Figure I I I . At 59 C, a 50% 
Increase 1n solubility 1s observed between 1 and 650 bars. The 
corresponding value for the lower temperatures is only 7%. The causal 
Interpretation of these observations is being Investigated. 

2.5 Selected Aspects of Cement­ Near Field Interactions. The 
differing durability of cements in contact with groundwaters, revealed the 
need to establish criteria by which the effect of destructive agents on 
concrete could be predicted. A preliminary assessment revealed that 
dissolved CO« presented the most significant hazard. 

A full review of the physical chemistry of the CaC03­ C02­ ĤO 
system was carried out. The speciatlon of solutions containing known 
amounts of 'aggressive CO«

1 was computed using MINEQL, and these solutions 
equilibrated with Ca(0H)2 and C­S­H ( init ial models for cement). The 
amount of Ca dissolved relative to pure water 1s plotted versus pH in 
Figure IV, as a contour map of leachability (aggressivity). I t is 
suggested that repository lifetimes will be proportional to the reciprocal 
of the aggressivity factor. As equilibrium 1s reached CaC03 is 
precipitated. Using Flck's law, a basic model was developed to show the 
whereabouts and extent of layer coverage. These data will be used to 
modify the aggressivity map. 

The effect of other components on the leachability of C02 containing 
groundwaters 1s being studied. NaCl has only been found to be significant 
for concentrations above 0.5 M. Attention 1s also being focussed on humlc 
substances, and how best to represent these complex molecules for 
inclusion in the MINEQL database, for modelling their effect. 

References see List of Publications. 
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Table I. Cement hydrate phases being studied in the modelling program 

Formula Name 

CşAHg hydrogarnet 

C3ASH4 ditto 

C 4AH 1 3 

CgASH2g AF t , e t t r i n g i t e 

C.ASH,« AF , monosulphate 

CpASHg .gehleni te hydrate 

CSH Calcium Si l i ca te Hydro-gel (three 
ra t ios studied: 0.9, 1.3 and 1.7) 

CgSgHg Tobermorite 

MgAHjo hydrotacite 

M^AH, Q hydrotal ci te 

AH Aluminium hydroxide (several polymorphs). 

Notes. 1. Cement nomenclature is used; C= CaO, S= SiO«, A= A190?, S= SO-,, 
H= H20 and M= MgO.

 ù ù ó 

Table I I . Atom rat ios fo r C-S-H ge ls , determined by Electron microprobe 
analys is, in BFS/OPC 3:1 i r rad ia ted and control samples. 

Ca/Si 
Al /Ca 
Mg/C a 
S/Ca 
K/Ca 
Mn/Ca 
Ti /Ca 

i r radia ted 3:1 
(η = 2267) 

1.357 ± 0.097 
0.153 ± 0.075 
0.192 ± 0.175 
0.040 ± 0.026 
0.021 ± 0.004 
0.020 ± 0.011 
0.017 ± 0.010 

control 3:1 
(η = 2313) 

1.370 ± 0.104 
0.157 i 0.066 
0.208 ± 0.171 
0.044 ± 0.034 
0.016 i 0.003 
0.020 ± 0.010 
0.016 ± 0.009 
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Fig.i. OUTLINE CONCEPTUAL MODEL 
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Study of Leaching Mechanisms of Ions Incorporated in Cement or 
Pol ymer 
Contractor: Greek AEC, "Demokritos" Center, Greece 
Contract No.: FI1W/0026/00, FI1W/0174/GR(TT) (Extension) 
Duration of Contracts: May 1986 - December 1989 
Period covered: 1 Jan. - 31 Dec. 1989 
Proiect Leaders: S.G. Amarantos, J.H. Petropoulos 

A. OBJECTIVES AND SCOPE 
The present experimental study aims at further elucidation of some 

important aspects related to the leaching kinetics of Cs and Sr ions by 
water from solid matrices simulating cemented low-to-medium level 
radioactive wastes, as well as study of simpler model systems, such as a 
soluble or insoluble salt embedded in a well defined polymer matrix (e.g. 
cellulose acetate or an epoxy resin). The development of realistic 
theoretical models of the kinetics of ion release is also envisaged. 

This work is expected to provide fundamental information necessary 
for the sound evaluation of the long-term elution kinetics of important 
ions from real waste products. 

B. WORK PROGRAMME 
B.l Cement 
B.l.l Leaching kinetics of Cs in relation to the distribution of the ion 

in the specimen at various stages of the leaching process. 
B.1.2 Examination of the effect of temperature on leaching rate by means 

of parallel experiments at different temperatures. 
B.l.3 Effect of changing the thickness of the sample on the elution 

curve. 
B.l.4 Examination of the possibility of setting up a theoretical model 

for the representation of the elution kinetic curve of Cs. 
B.l.5 Effect of atmospheric CO2 on the elution of Sr, in relation to the 

Sr content of the sample. 
B.l.6 Characterization of the state of water and embedded ions in the 

cement matrix (porosimetry, differential scanning calorimetry-DSC, 
reversible sorption behaviour). 

B.1.7 Development of a more advanced model for the elution process. 
B.2 Pol ymer 
Β.2.1 Further experimental investigation of the cellulose acetate-salt 

system (effect of salt solubility, salt content, salt particle 
size or polymer water content). 

B.2.2 Development of a more sophisticated theoretical model to describe 
the elution kinetics of soluble salts in particular. 

B.2.3 Characterization of sorption and diffusion properties of cellulose 
acetate matrices (where possible). 

B.2.4 Further investigation of the salt solubility effect in the case of 
elution of simple salts from epoxy resin matrices. 

B.2.5 Simulation of real polymer-salt systems by the theoretical elution 
model previously developed. 

160 



C. PROGRESS OF WORK AND RESULTS OBTAINED 
State of advancement 
The study of leaching kinetics and distribution profiles of Cs from 

cement specimens containing large and small amounts of embedded ion were 
continued and previous conclusions were confirmed. The same holds true 
for leaching tests on Sr­containing cement samples. Significant informa­
tion regarding the mechanism of the elution process and the presence of 
concurrent processes, notably erosion of the cement matrix, was obtained 
by differential scanning calorimetry of hydrated, and mercury porosimetry 
of dried, cement samples. Measurement of sorption of Cs from aqueous 
solutions was carried out and showed that even the highest Cs loads used 
1n leaching tests do not exceed the reversible sorption limit, thus 
confirming the applicability of Fick's, rather than Higuchi's, equation. 
Further measurements of NaCl elution from cellulose acetate matrices were 
carried out and complemented by determination of the sorption and 
diffusion coefficients of the salt­depleted matrices. Elution tests on 
epoxy resin specimens loaded with various amounts of NaCl or SrS04 were 
continued and some new specimens loaded with NaCl were prepared and 
subjected to leaching. Model calculations were carried out to test the 
predictions of the theoretical model previously developed regarding the 
elution behavior of polymer specimens loaded with realistic amounts of 
embedded salt. 

Progress and Results 
1. Studies with cemented specimens 
B.l.l­B.1.5 Elution kinetics of cemented Cs and Sr 

Leaching experiments with cylindrical cement specimens (height 
­4 cm, diameter ^4 cm) containing either " 3.4% by wt inactive CS9SO4 
(Series A) or Cs­137 (370 kBq/sample), CsN03 (0.017% wt) and 8% by wt of 
NaNOş (Series D) in stagnant water at 30°C were continued /1,2,3/. The 
fractional amount of Cs

+ eluted was~54% in 1050 days for series A and 
■25% in 850 days for series D (Cs­137). The plots of series A (fractional 
amounts vs vt) remained essentially linear in accordance with Fick's law 
(for values of the diffusion coefficient see reference /2/). In series D 
the corresponding plots had a discernible tendency to turn upwards 
(acceleration of elution). Rough estimates indicate approximate doubling 
of the value of the diffusion coefficient found originally, although this 
value 1s still about half that found for series A specimens. (The 
enhanced elution is attributed to pore enlargement due to the simulta­
neous elution of NaN03 which is present in considerable quantities in 
these specimens). Experimental concentration profiles on non eluted Cs 
along the diffusion axis, at~50 % or~25 % of Cs eluted (series A and D 
specimens correspondingly) were obtained as before. These new profiles 
can also be described by Fick's law (making allowance as in previous 
reports /2,3/ for some immobilized Cs in series A specimens). The 
Sr­conta1n1ng specimens (height~4 cm, diameter~4 cm) contained 740 
kBq/specimen of Sr­90 and 8% wt. of NaN03 (Series E,F) or 740 
kBq/specimen of Sr­90, 0.15% of Sr(N03)2 and 8% wt of NaN03 (Series G,H) 
and were subjected to leaching under "full" (Series E,G) or "minimum" 
(Series F,H) exposure to atmospheric CO?. After 645 days the fractional 
amount of Sr­90. eluted was 0.4­0.6% for series E,G and 1.5­2.5% for 
series F,H in agreement with previous results. Also higher elution rates 
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in the presence of additional amounts of Sr (Series G,H) were observed as 
before. 
B.1.6 Characterization of the state of water and embedded ions in the 

cement matrix 
iii Results of DSC (Differential Scanning Calorimetry) 

Further investigations by low temperature DSC of some series of 
cemented specimens were carried out. Values of the total water content w 
(estimated by drying the sample for 2 hours at 105°C) and of the 
"equivalent fraction of imbibed bulk water" fyrø are presented below 
(fWB=WfB/W, where Wfß is the equivalent amount of bulk imbibed water 
estimated from the total amount of heat absorbed by the hydrated sample, 
divided by the enthalpy of fusion of bulk water ΔΗ^β and W is the water 
contained in the sample). In Figure 1, measured melting endotherm area of 
cement samples fully or partially hydrated (by exposure to different 
relative humidities) is plotted vs w. It is shown that AHf — > 0 below w 
­10 g H2O/IOO g of dry sample and AHf remains below ÄHfß over a 
substantial range of higher w extending up to w­20 g/100g in many, cases. 
Hence the actual fractions of freezable water are substantially higher 
than the values of frø quoted in Table I. However, the values of fyg are 
useful in a relative sense. Both w and frø in Table I are substantially 
higher in the outer layers than in the interior of the leached cement 
specimen, indicating pore enlargement due to concurrent erosion of the 
cement matrix by leachant; and are higher at higher leaching tempera­
tures, indicating the presence of larger pores at 70°C at both locations. 

(ii) Porosimetry results 
Mercury porosimetry was carried out on different cement specimens 

from the various specimen series subjected to leaching. In Table II total 
pore volume down to a radius of 1.8 nm and the fraction of pore volume 
contained in pores down to various pore radii are presented for the same 
specimens as in Table I. The results confirm the conclusions drawn from 
DSC. In particular, samples taken near the surface of the specimens show 
increased porosity coupled with the appearance of pores of large size. 
Also samples taken from specimens leached at 70°C exhibit higher porosity 
and increased number of wider pores than those leached at 30°C. 

(iii) Sorption of Cs by cement 
The sorprion of Cs ions by the cement used in this work was studied 

by equilibrating samples of cement granules with aqueous CS2SO4 solutions 
in the range 10"

3 to 1 mol Cs/liter. The cement granules (in the range 
0.18­1.0 mm) were obtained from blank specimens subjected to leaching 
with distilled water for 900 days at 30°C. Typical results are shown in 
Figure 2. A linear log­log plot of unit slope is obtained, yielding a 
constant partition coefficient Kp=Cc/Cg = 0.22. This indicates that even 
the highest loads of Cs used in the elution tests do not exceed the 
reversible sorption limit corresponding to a saturated aqueous solution, 
thus confirming the applicability of Fick's, rather than Higuchi's, 
equation to the elution process /4/. 
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Β.1.7 Advanced model for the el uti on process 
Analysis of the distribution profiles of Cs in the cement specimen 

during the elution process shows that they can be fitted reasonably well 
by Fick's law in series D (low Cs content). In specimens containing large 
amounts of Cs, however, one must make allowance for the fact that part of 
the embedded Cs is immobilized in the cement matrix. Elution of the more 
readily leachable portion can then still be described reasonably well on 
the basis of Fick's law. There is little, if any, concurrent loss of 
"immobil i zed" Cs, thus obviating the need for a more elaborate model. 
Complications which can arise because of the concurrent erosion of the 
cement matrix are not easily quantifiable at the present time. 

2. Studies with polvmer­salt system 
B.2.1. B.2.3 Cellulose acetate­NaCl system 

Further leaching tests were carried out using membranes containing 
11.1 or 20.5% (by wt) NaCl of particle size ¿5 pm. No significant 
difference from the previous elution curves was observed. In addition 
measurements of the sorption (partition) coefficient Kp and the diffusion 
coefficient D of NaCl in the salt­free membrane, as well as the relevant 
salt­depleted membranes, were carried out. Both Kp and D tended to 
increase with the original salt content of the membrane. 
B.2.4 Epoxy resin­SrSCfy or NaCl system 

New specimens (disks of thickness 0.16 cm and diameter 5 cm) 
containing 12% or 25% by volume NaCl were prepared and subjected to 
leaching with stagnant distilled water. The elution curves are linear on 
a Λ scale (Figure 3). Leaching tests on specimens prepared previously 
(thickness·^0.7 cm, diameter 5 cm) which were loaded with either NaCl or 
SrS04 (12%, 25% or 40% by vol.) were continued. Their elution behavior 
showed no new features; but a clear tendency of the specimens containing 
large amounts of NaCl to be detached from their holders was noted. 
B.2.7 Simulation of real polymer­salt system by the elution model 

Model calculations corresponding to relatively large salt loads 
(well above what can be dissolved by the imbibed water)have shown 
reasonable correspondence to Higuchi­type kinetics /4/. 
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TABLE I: STATE OF WATER IN CEMENT BY DSC 

Specimens 

Bl (Blank, leached 
for 900 days, 30°C) 

B3 (Blank, leached 
for 250 days, 70°C) 

(a) 
(b) 

(a) 
(b) 

Total 
water 
(g/100 

imb i bed 
content 
1 g < 

specimen) 

27.3 

20.9 

29.9 

22.2 

22.2 

w 
dried 

% Equivalent 
fraction of 
imbibed bulk 
water 

fWB 

31.1 

21.0 

50.2 

41.4 

41.9 

(a) Sample taken near the exposed to eluant surface of specimen 
(b) Sample taken far from the exposed to eluant surface of specimen 

TABLE II: P0R0SIMETRY MEASUREMENTS IN CEMENT 

Pore Volume Pore fractional volume (%) pertaining to 
Specimens cm3/100 g pores of radius exceeding: 

(dry specimen) 
125 nm 31.2 nm 7.5 nm 2.5 nm 

Bl 

B3 

(a) 

(b) 

(a) 
(b) 

11.5 

9.1 

18.5 

12.9 

12.3 

4.2 

1.4 

16.3 

2.3 
1.4 

20.1 

4.2 

33.7 

6.4 
4.3 

45.8 

44.7 

64.1 

49.6 

50.1 

91.2 

89.9 

94.2 

92.2 

92.2 

Bl, B3, (a), (b) as in Table I, 
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THE INFLUENCE OF ORGANIC COMPLETING AGENTS ON 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 
Contract No. 
Duration of contract 
Project leader 
Group leader 

Free University of Berlin 
FI1W-0091 
July 1986 - July 1990 
G. W. Marx 
Ch. Keillng 

A. Objektives and scope 

Within the frame of the contract FI1W-0091 sponsored by the Commis­
sion of the European Communities solubilities of Agi, AgIÛ3, CsNOe, Na2U20T, 
NpOîOH, Pu(OH)4 and Am(OH)3 should be determined under the Influence of the 
complexlng organics dibutylphosphate (DBP), tributylphosphate (TBP), ethy-
lenedlammlnetetraacetlc acid (EDTA), citrate and oxalate. The systems under 
investigation had to consist of various saturated salt solutions, the physical 
data of which were fixed by contacting the solidifying matrices cement and 
bitumen under practical conditions. The leachates had to be investigated with 
respect to sorption and migration, in order to characterize the transport 
behaviour of these elements in the near field of a waste repository. 

Furthermore leachabllitles of these radionuclides from the solidifying 
matrices cement and bitumen should be determined. 

Finally sorption Isotherms had to be calculated from data obtained from 
sorption experiments on the actinldes U, Np, Pu and Am adsorbed by materials 
from the near field of a waste repository. 

B. Work Programme 

B.l Solubility studies of the source term 
B.l.l Determination of solubilities of silver iodide, silver lodate, cesium 

nitrate, sodium diuranate, neptunium(V), plutonlum(IV) and americium(III) 
hydroxides in concentrated salt solutions at equilibrium under the 
influence of TBP, DBP, EDTA, citrate and oxalate 

B.l.2 Determination of the tendency towards colloid formation by means of 
ultrafiltration 

B.1,3 Determination of radionuclide leachabllity from conditioned ILW in con­
centrated salt solutions in the presence of organics mentioned above 

B.1.4 Determination of the tendency towards colloid formation of radionuclides 
in waste leachates by means of ultrafiltration 

B.1.5 Solidification of selected organics present in cement and determination 
of their leachabllitles 

B.l.6 Solidification of elements with complexlng organics in cement and 
determination of their leachabllitles 

B.2 Sorption and migration In the nearfield 
B.2.1 Determination of mobility and sorption properties of radionuclides deri­

ved 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.l.3 by use of salt columns 
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Β.2.3 Determination of the sorption behaviour of selected radionuclide systems 
upon salt by use of batch type experiments 

B.3 Calculation of sorption isotherms for materials from the near field of a 
waste repository 

C. Progress of work and obtained results 

State of advancement 

Solubilities of Agi, AglOa, CsN03, NaztoCh, Np02OH, Pu(OH)4 and Am(OH)3 
or Eu(OH)3 respectively were determined from given salt solutions. Migration 
and batch experiments were carried out on these elements, in order to deter­
mine distribution coefficients in accordance with the scientific programme 
outlined before. 

Sophisticated analytical methods were developed for investigating 
leachates from real waste l\l. The leachates from real waste forms were 
studied with respect to concentrations of activity vs leaching time. 

After adding complexing organics the elements iodine, cesium, uranium, 
neptunium and americlum were solidified with cement, in order to study the 
leaching behaviour of cement samples under the influence of saturated NaCl 
solution and Q brine. 

In 1989 the main interest was focussed on sorption isotherms of euro­
pium, neptunium and uranium for materials from the near field of a waste 
repository located in a salt dome. The sorbent materials were Portland 35 F ­
cement, corrosion products of stainless steel and rock salt. Before starting the 
experiments the solutions used as solvent systems were saturated with the 
various complexing organics. 

Progress and results obtained within the time period January­December 1989 

B.l Solubility studies of the source term 

B.l.l Determination of solubilities at equilibrium 

In order to obtain data from experiments on solubilities of trivalent 
actinides Am(0H)3 and its analogue Eu(OH)3 were used as representatives. 
Especially for systems of low pH europium was taken instead of 241Am because 
sufficient amounts of 241Am were not available for these experiments. 

The results obtained are listed in table 1 and figures 1­4. 
In the four different systems under investigation the solubility of t r i ­

valent cations is the highest in case of EDTA being present. It is the lowest 
in solutions saturated with cement and DBP or TBP. 

B.1.2 Ultrafiltration experiments 

The results from ultrafiltration experiments on trivalent cations are 
listed in table 2. 

In NaCl/cement solutions the americium concentration decreases after 
separating with filters the pore sizes of which are smaller 450 nm. In less 
alcaline systems the decrease of Am­ or Eu­concentration is not so drastical. 
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Β.2 Sorption and migration In the near field 

B.2.1 Migration behaviour of trivalent cations 

Column experiments were carried out with an apparatus, consisting of a 
peristaltic pump for transporting solutions, a chromatographic column and an 
automatic sample device 111. 

The activities were added in form of a pulse of approximately 2 cm3 of 
the radioactive solution, the transport velocity was app. 1.5 cm3h_ l . NaCl GR 
was the flllament of the columns. 

The results from the column experiments carried out with americium and 
europium are listed in table 3. They show a small recovery in the strong 
alcaline NaCl/cement solutions, its maximum being 30 % with respect to the 
added amount of americium for the solution containing oxalate. 

For the more acidic systems of the NaCl/bitumen solutions the reco­
veries will be greater than 80 %, if EDTA and citrate are present. In pre­
sence of butylphosphorlc esters trivalent cations are quantitatively kept back. 

In Q brines more than 60 % of the added activity are recovered after 
the run. 

B.2.3 Determination of the sorption behaviour by use of batch­type 
experiments 

Sorption behaviour of trivalent cations 

In order to study the sorption behaviour of trivalent elements on solid 
NaCl GR batch experiments were carried out in an air thermostate at 298 K. 
The results from the sorption experiments are listed In table 4. 

The data obtained show Rs values to be in between 0.2 ­ 30 cm3g­1. 
For three solvent systems the highest values are found when oxalate is 
present. 

B.3 Determination of sorption Isotherms for uranium and europium on mate­
rials from the near field of a waste repository in salt formations under 
the Influence of complexlng organlcs 

For investigating the sorption behaviour of the elements mentioned 
above and the systems of the near field of a waste repository located in a 
salt dome sorption Isotherms were calculated from data obtained at 298 K. 
The amount of material sorbed on these solids can be determined from the 
Isotherms for a wide range of starting concentrations. These experiments were 
also made under the influence of complexlng organlcs. The sorbing materials 
were Portland 35 F­cement, corrosion products of stainless steel and rock 
salt. 

The data obtained were calculated by use of Freundlich's Isotherm /3,4/ 
C» = K F ' C O κ 

c· : amount of sorbate per mass unit of sorbent [mol­g
­1
] 

Ce : concentration of sorbate at equilibrium [mol'dor
3
] 

Kr,Ν : constants 

The values of lg KF and Ν of Freundlich's equation are listed for 
uranium, neptunium and europium In tables 5­7. Some more systems are still 
to be investigated. From these results It can be seen that using corrosion 
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products of stainless steel lg KF values are the highest. Rock salt on the 
other hand has the smallest sorption capacity. 

Work performed in the framework of the 1985-1989 programme of the European 
Atomic Energy Community: "Management and storage of radioactive waste" 
Task 3 : Testing and evaluation of conditioned waste and engineered barriers 
Item 1 : Characterization of low and medium level waste forms 
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Table I. Solubility of trivalent cations in various saturated salt 
solutions containing organic complexing agents 

solution 

NaCL/Cement 

NaCl/Bitumen 

Q­Brine/Cement 

Q­Brine/Biturnen 

compound 

An (OH) 3 
to (OH) 3 
M (OH) 3 
Am (OH) s 
Aft. (OH) 3 
Eu(OH)3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) s 
Arn (OH) 3 
Am (OH) 3 
Eu (OH) 3 
An (OH) 3 
Eu (CH) s 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) s 
Eu (OH) 3 

org. ligand 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

[Me
3
*] / mol­dnr3 

5.5­10­" 
2.1­10­

9 

2.6.10­° 
3.0·IO"

6 

1.2­10­
7 

4.6­10­3 
1.5­10­3 
2.4­10­

2 

LI­IO"
3 

1.4­10­3 
7.7­10­

6 

1.2­10­
6 

3.2­10­3 
1.3­10­

9 

2.5­10­3 
9.4­10­« 
1.2­10­3 
1.9­10­

2 

3.9­10­3 
8.0­10­

3 

Table II. Results from ultrafiltration experiments with solutions 
containing trivalent cations 

system 

NaCl/Cement/ 

NaCl/Bitumen/ 

Q­Brine/Cement/ 

Q­Brine/Bitumen/ 

compound 

DBP An (OH) s 
TBP An (OH) 3 
EDTA An (OH) 3 
Citrate An (OH) 3 
Oxalate An (OH) 3 
DBP Eu (OH) 3 
TBP Eu (OH) 3 
EDTA Eu(0H)3 
Citrate Eu(OH)3 
Oxalate Eu (OH) 3 
DBP Am (OH) 3 
TBP An(0H)3 
EDTA Eu(0H)3 
Citrate An (OH)3 
Oxalate Eu(OH)3 

' DBP Eu (OH) 3 
TBP Eu(OH)3 
EDTA Eu(OH)3 
Citrate Eu(OH)3 
Oxalate Eu(OH)3 

pore ι 
450 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

size / 1 
200 
83.9 
8.9 
86.1 
69.3 
6.5 
90.7 
100.0 
100.0 
100.0 
93.8 
96.3 
95.8 
80.0 
92.6 
88.8 
98.5 
92.1 
100.0 
98.9 

100.0 

11m 
100 
80.8 
4.9 
86.0 
4.2 
3.9 
88.1 
100.0 . 
98.9 
100.0 
81.3 
92.1 
92.1 
79.6 
87.9 
85.9 
95.3 
91.1 
100.0 
98.8 

100.0 

50 
80.3 
4.9 
84.4 
4.0 
2.6 
83.4 
100.0 
98.9 
100.0 
73.4 
88.5 
91.9 
78.9 
84.4 
82.0 
87.1 
81.8 
95.5 
96.0 
100.0 

10 
76.0 
3.2 
84.1 
3.1 
1.6 

78.1 
100.0 
92.4 
96.7 
73.4 
86.0 
86.3 
78.9 
79.7 
79.9 
82.7 
77.8 
92.3 
84.3 
99.6 

2 
69.9 
2.1 
82.4 
2.6 
0.2 
68.9 
95.5 
90.1 
95.3 
62.5 
85.5 
81.7 
78.6 
67.3 
79.8 
75.1 
76.7 
83.4 
71.3 
93.9 
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Table III. Results 
ca t ions . 

trass added 
/mol. 

6.5-10-" 
8.2-10-™ 
2.3-10-" 
2.9-10-« 
1.7-10-" 
2.2-10-· 
1.4-10-a 
2.3-10-8 

3.2-10-7 

7.6-10-» 
1.0-10-» 
1.6.10-· 
1.1·io-· 
1.4-10-· 
8.7-10-' 
1.1-10-· 
1.2-10-" 
3.9-10-· 
7.5-10-· 

from the migration experiments 
(The column packings consis 

system 

NaCl/Cement/DBP 
NaCl/Cement/TBP 
NaCL/Cement/EDTA 
NaQ/Cenent/Citrate 
NaCL/Cement/Oxalate 
NaCL/Bitumen/DBP 
NaCL/Bitumen/TBP 
NaQ/Bitumen/EDTA 
NaCl/Bitumen/Citrate 
Q-Brine/Cem./DBP 
Q-Brine/Cem./TBP 
Q-Brine/Cem./EDTA 
Q-Brine/Cem./Citrate 
Q-Brine/Cem. /Oxalate 
Q-Brine/Bit./DBP 
O-Brine/Bit./TBP 
Q-Brine/Bit./EDTA 
Q-Briiie/Bit. /Citrate 
Q-Brine/Bit./Oxalate 

ccmpound 

on t r iva l en t 
ted of NaCl) 

porosity 
/ % Vol/Vol 

Am (OH) 3 
Am (OH) 3 
Am(0H)3 

Am (OH) 3 
Am (OH) 3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) s 
Eu (OH) 3 
Am(OH)3 
ADI (OH) 3 
Eu (OH) 3 
Am (OH) 3 
Eu(OH)s 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) s 

39 
38 
37 
36 
39 
36 
36 
37 
38 
39 
37 
36 
38 
38 
37 
36 
36 
34 
34 

recovery 
/ % , 

19.5 
9.5 

15.3 
4.4 

31.5 
0.0 
0.0 

86.3 
79.7 
95.5 
94.7 
62.7 
81.8 
21.6 
76.9 
82.1 
67.9 
98.3 
79.8 

Kb 
f cm3-g-1 

0.1 

0.0 
0.0 

0.0 

0.04 
0.0 
0.0 

Table IV. Sorption of trivalent cations on 
influence of complexing organics 

solid NaCl under the 

solution 

NaQ/Cement 

Nad/Bitumen 

Q-Brine/Cement 

org. ligand 

DBP 
TBP 
EDTA 
Citrate 
Oxalate 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 
DBP 
TBP 
EDTA 
Citrate 
Oxalate 

Q-Brine/Bitumen DBP 
TBP 
EDTA 
Citrate 
Oxalate 

compound 

Am (OH) 3 
Am (OH) 3 
ADÌ (OH) s 
Am (OH) 3 
Am (OH) s 
Eu (OH) 3 
Eu(OH)3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) s 
ADÌ (OH) 3 
Am (OH) 3 
Eu (OH) 3 
Am(OH)s 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) 3 
Eu (OH) s 
Eu (OH) 3 
Eu (OH) 3 

vo lume 
/ an? 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

mass of 
NaCl / g 

2.0040 
2.0012 
2.0008 
1.9907 
2.0083 
2.0040 
2.0012 
2.0008 
1.9907 
2.0083 
2.0031 
2.0029 
1.9987 
2.0000 
2.0010 
2.0001 
2.0219 
1.9998 
2.0100 
2.0006 

Rs 
/cm3-g-1 

5.0 
21.5 
0.27 
0.58 

29.3 
0.19 

13.7 
0.41 
0.40 
0.77 
0.41 
0.29 
1.8 
6.16 

13.7 
0.16 
0.59 
0.35 
0.25 

15.0 
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Table V. Values for lg KF and Ν obtained from Freundlich isotherms 
for sorption of uranium at 298 Κ 

solution org.ligand solid lg KF Ν 

NaCl/cernent 
NaCl/cement 
NaCl/cernent 

NaCl/cement 
NaCl/cement 
NaCl/cement 

NaCl/bitumen 

NaCl/bitumen 
NaCl/biturnen 

NaCl/bitumeri 
NaCl/bitumen 

Q-brine/bitumen 
Q-brine/biturnen 
Q-brine/bitumen 

Q-brine/bitumen 
Q-brine/bitumen 
Q-brine/bitumen 

Q-brine/bitumen 
Q-brine/bitumen 
Q-brine/bitumen 

EDTA 
EDTA 
EDTA 

citrate 
citrate 
citrate 

EDTA 

citrate 
citrate 

oxalate 
oxalate 

EDTA 
EDTA 
EDTA 

citrate 
citrate 
citrate 

oxalate 
oxalate 
oxalate 

rock salt 
Fe(OH)3 
cement 

rock salt 
Fe(OH)3 
cement 

rock salt 

rock salt 
Fe(OH)3 

rock salt 
Fe(OH)3 

rock salt 
Fe(OH)3 
cement 

rock salt 
Fe(OH)3 
cement 

rock salt 
Fe(OH)3 
cement 

-3.26±0.15 
0.63±0.05 
0.09±0.07 

-2.82±0.14 
0.36±0.08 

-0.84±0.05 

-2.43±0.66 

-0.73±0.23 
-2.96±0.24 

-3.30i0.13 
0.52±0.07 

-4.23±0.48 
-2.41±0.22 
0.16±0.45 

-3.65±0.24 
-0.99±0.12 
-1.5210.26 

-2.72±0.14 
-0.55±0.07 
-1.60±0.08 

1.07±0.06 
1.05±0.02 
1.07±0.03 

1.04±0.04 
1.05±0.02 
1.01±0.02 

1.09±0.30 

1.8510.19 
0.62+0.06 

0.9210.04 
1.0010.02 

0.9210.15 
0.9610.08 
1.2010.18 

0.88+0.08 
0.9610.04 
0.96+0.09 

0.99+0.04 
0.9510.02 
0.91+0.02 

Table VI. Values for lg KF and Ν obtained from Freundlich isotherms 
for sorption of neptunium at 298 Κ 

solution org.ligand solid lg KF 

NaCl/bitumen EDTA 
NaCl/bitumen EDTA 

rock salt 
Fe(OH)3 

-4.9410.16 
-0.2910.40 

0.49+0.06 
1.07+0.13 

NaCl/bitumen 
NaCl/bitumen 

citrate 
citrate 

rock salt 
Fe(OH)3 

-3.3610.16 
1.63+0.81 

1.00+0.10 
1.44+0.55 
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Table VII. Values for lg Kr and Ν obtained from Freundlich isotherms 
for sorption of trivalent europium at 298 Κ 

solution org.ligand solid lg Kr Ν 
NaCl/cement 
NaCl/cement 

NaCl/cement 
NaCl/cement 

NaCl/biturnen 
NaCl/bitumen 

NaCl/bitumen 
NaCl/bitumen 

Q-brine/bitumen 
Q-brine/bitumen 
Q-brine/bitumen 

Q-brine/bitumen 
Q-brine/bitumen 
Q-brine/bitumen 

Q-brine/bitumen 
Q-brine/bitumen 
Q-brine/bitumen 

EDTA 
EDTA 

citrate 
citrate 

EDTA 
EDTA 

citrate 
citrate 

EDTA 
EDTA 
EDTA 

citrate 
citrate 
citrate 

oxalate 
oxalate 
oxalate 

rock salt 
Fe(OH)3 

rock salt 
cement 

rock salt 
Fe(OH)3 

rock salt 
Fe(OH)s 

rock salt 
cement 
Fe(OH)3 

rock salt 
cement 
Fe(OH)s 

rock salt 
cement 
Fe(OH)3 

-4.08±0.51 
-2.37±0.18 

-2.88±0.17 
-3.12±0.18 

-4.51±0.50 
-2.10±0.16 

-5.36±0.49 
-2.16±0.13 

-3.35±0.18 
-3.28±0.56 
-2.32±0.32 

-3.39±0.27 
-0.78±0.16 
-1.87±0.19 

-3.19±0.27 
-0.64±0.15 
-O.59±0.16 

0.99±0.20 
0.59±0.07 

0.92±0.05 
0.74±0.07 

0.86±0.18 
0.64±0.05 

0.53±0.15 
0.64±0.05 

0.93±0.05 
0.65±0.16 
0.70±0.08 

0.96±0.09 
1.00±0.05 
0.73±0.05 

0.84±0.08 
0.90±0.04 
0.82±0.04 
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INVESTIGATION OF LLW AND MLW CEMENT PRODUCTS FROM REPROCESSING 
Contractor: Kernforschungszentrum Karlsruhe GmbH 

Institut für Nukleare Ensorgungstechnik 
Contract Nr.: FI lW-0092-D(B) 
Duration of contract: July 1, 1986 - December 31, 1989 
Period covered: January 1, 1989 - December 31, 1989 
Project leader: P. Vejmelka 

A. Objectives and scope 
The proposed laboratory investigations include experiments with real 

samples from the waste treatment facility at KfK and experiments with simu­
lated samples containing Pu, Am and Np. 

With these samples detailed investigations will be performed to de­
scribe the long term activity release in the case of leaching. The experi­
ments will be performed at room temperature using water and salt brine as 
leachants. The aim of the investigations is to determine the thermodynami-
cally defined equilibrium concentrations of Pu, Am and Np in the system 
waste form/brine as well as the leaching kinetics. The investigations on 
the real samples will be performed in order to verify the numerous results 
from experiments on simulated samples. 

B. Work program 
B.l.Investigations with real samples. Determination of the kinetic of the 
activity release. Determination of the equilibrium concentrations for Pu, 
Am and Np in the system waste form/brine. 

B.2.Investigations with simulated samples. Determination of the kinetic of 
the release of Pu, Am and Np in salt brines. Determination of effective 
Diffusioncoefficients for the release from laboratory samples. Determina­
tion of the equilibrium concentrations for Pu, Am and Np in the system 
waste form/salt brine. 
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C. Progress of vork and results 
State of advancement 
In the period under review, studies were continued to determine the 

equilibrium concentrations for actinides in the cement waste form/brine 
system. For Pu, Am and Np the equilibrium concentrations in salt brines in 
contact with cementitious waste forms in the presence of complexing agents 
have been measured. In addition some experiments were performed determining 
the chemical stability of EDTA, NTA and citric acid under the conditions of 
the waste pretreatment (evaporation). Parallel first thermodynamic calcula­
tions were performed to illustrate the stability of the Am/EDTA complex as 
function of pH. The kinetic of actinide release from cemented waste forms 
in brines was also investigated and the leach tests with inactive and ac­
tive full scale samples (200 1) in Q-brine at 40°C were continued. 

Progress and results 
EDTA, NTA and citric acid are chemically stable under the conditions of 

low level waste evaporation (T - 100°C, pH - 11,5). Under the conditions of 
medium level waste evaporation (T - 115°C, about 1 Mol/1 HN03) citric acid 
is chemically stable whereas EDTA and NTA were degraded, especially in the 
presence of Fe3+ ions (average residence time 7 h). The degradation of NTA 
is slower than the degradation of EDTA. 

For Pu, Am and Np doped samples the equilibrium concentrations in Ca­
brine and NaCl solution were determined in the presence of EDTA, NTA, Ci­
tric acid, Oxalic acid, Tartaric acid and TBP /l/. The procedure used was 
as follows: For each test, 30 ml NaCl solution or Q-brine were added to a 
sample of 2 g crushed cementitious waste form and 0.1 g of complexing 
agent. This ratio is much larger than expected in real waste forms, but was 
chosen to permit reasonable measurements. Actual species contain only about 
3.E-4 g of complexant per gram. The radionuclides were added as a nitric 
acid solution to the suspension. Their total amount (9.1E-5 g Pu, l.lE-6g 
Am, 1.7E-5 g Np) was selected so as to correspond to the content of the 
respective radionuclide in actual waste forms. After a storage time suffi­
cient to attain equilibrium, samples were drawn from the brine, filtered in 
an Amicon system (1.8 nm) and the concentration of radionuclides determined 
by liquid scintillation counting and/or gamma counting techniques.Table I 
shows the results obtained in Q-Brine. The data in Table I indicate that 
the concentration of Pu is increased slightly if EDTA, NTA or TBP are ad­
ded; there is no effect at all in case of Np. The concentration of Am is 
increased by a factor of 10 to 100 if EDTA, NTA, oxalic acid or tartaric 
acid are added. The influence of TBP is smaller and citric acid shows prac­
tically no effect. Yet, the concentration eventually attained is at most 
one tenth of that calculated if the total Am were in solution, despite the 
large excess of complexant. The results in saturated NaCl solution are 
listed in Table II. On contact with cement, the pH of the brine rises to 12 
and there is no increase of the equilibrium concentration of Pu, Am and Np 
beyond the solubility limit caused by any complexant (last row of Table 
II). In another series of experiments, sodium hydroxide was used instead of 
cement (calcium hydroxide) to adjust to 12 the pH of a NaCl solution con­
taining actinides and complexants. The data listed in Table 2 show that 
some of the complexes are still stable in the alkaline environment in the 
absence of Ca ions. This demonstrates that the actinide concentration in 
brine is not solely pH-dependent but there is a competition of calcium and 
actinide ions for the complexing agent. This is in agreement with computa­
tions performed for the system Am/Ca/EDTA and Am/Na/EDTA using the codes 
MIEQL and EQ3/6. The results obtained are represented in Figs. 1 and 2. Ac­
cording to Fig. 1, the Am/EDTA complex is decomposed above pH 11 and hydro-
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lysis prevails. If calcium ions compete with the Am for the EDTA (Fig. 2), 
the limit of stability region of the Am complex is lowered to pH 8. 

In addition to the determination of the equilibrium concentrations ex­
periments were performed to investigate the kinetic of the radionuclide re­
lease. Pu doped cylindrical samples were leached in Q-brine and NaCl solu­
tion and the leachant was renewed daily. From the time dependence of the Pu 
release the diffusion coefficient was calculated. The obtained value for Q-
brine amounts to D — 1. E-16 m / s . Due to the comparable low Pu concentra­
tion in NaCl solution and the low specific activity of Pu-239, the error 
for the Pu measurements in NaCl solution is too high and therefore no dif­
fusion coefficient calculation was possible. For the same reason no experi­
ments were performed for U and Np. 

The full scale leach experiments with inactive and active samples were 
continued. Fig.3 shows the Cs release. The increase of the Cs release for 
the inactive samples after a period of about 2 years is due to the corro­
sion (Ca/Mg exchange), of the samples. For the real samples up to now, only 
Cs-134 and Cs-137 was detected in Q-brine. The value for the gross alpha-
activity was always in the range of the detection limit. 

References 
/l/ P. Vejmelka, G. Rudolph, R. Kõster 

Source term evaluation for actinide elements in the system cemented 
waste form/salt brine - influence of organic complexants 
"Migration 89", International Conference on Geochemistry and Migration 
of Actinides and FP, Monterey, USA, 6-10 Nov. 1989 

Table I: Equilibrium concentrations of actinides in solution in the system 
cementitious waste form/ Q-brine ( pH - 6,5) 

Specimen Pu 

no complexant 
EDTA 
NTA 
TBP 
citric acid 
oxalic acid 

7.E-8 
3.E-7 
3.E-7 
2.E-7 
3.E-8 
5.E-8 

Am 
(mol/1) 

5.E-10 
2.E-8 
2.E-8 
4.E-9 
l.E-9 
l.E-8 
2.E-8 

Np 

3.E-8 
3.E-8 
3.E-8 
3.E-8 
3.E-8 

-
-tartaric adid 4.E-8 

Table II: Equilibrium concentrations of actinides in NaCl solution (0.1 g 
complexant, 30 ml solution, pH - 12) 

Spec in 

EDTA 
NTA 
citric ac 
tartaric 
oxalic ac 

nen 

:id 
acid 
;id 

with cement 

Pu 

1.2E-7 
1.2E-8 
7.E-10 
3.4E-6 
4. E-10 
4.E-10 

Am 
(mol/1) 

1. E-7 
-
-

1.6E-7 
1.6E-7 
2.E-10 

3. 
3. 
6. 

<1. 

Np 

.1E-6 
, E-6 
6E-8 
-
-
E-8 
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AmEDTA NoEDTA 

Figure 1. Calculated americium concentration as a function of pH with 
EDTA (0.001 mol/1) and Na (0.04 mol/1) added 

. , Mol/1 

AmFDTA 
Amjjll^ _ 

CoF.DTA 

Figure 2. Calculated americium concentration as a function of pH with 
EDTA (0.001 mol/1) and Ca (0.01 mol/1) added 
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Figure 3. Cs release from inactive and active full scale cemented waste 
forms (200 1) in Q brine at 40°C (S/V - 0.096 cm"1) 
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Physico­chemical characterization of bitumized Eurochemic mediun level 
was te 

Contractor : S.C.Κ./C.Ε.Ν. Mol, Belgium 
contract N° : FI1W/0094 
Duration of Contract : 1/08/1986­31/12/1989 
Period covered : 1/01/1989­31/12/1989 
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 (1981­1984), under action 1 
(characterization of low and medium level waste forms), covered by the 
contract ne 302­83­15 WASB. 

In the previous programme, a number of real Eurobitun samples has been 
stored, to measure after various times the physico­chemical 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 contin­
ued. 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 repository­like pressure (4.0 MPa). 

The experimental work will be elaborated in collaboration with Belgo­
procees (ex­Eurochemic). 

B. Work Programme 
B.l Effect of specimen size 

Swelling experiments on inactive Eurobitum samples with specific sur­
face area of 625, 220, 70 and 25 m"1

, to conclude about the swelling 
behaviour of full size blocks (10 m " 1

) . The experiments are conducted in 
two media. 

B.2 Effect of pressure 
Corrosion teste on real, small Eurobitum samples at ambient or the 

clay repository like pressure of 4.0 MPa, in interstitial clay­water and 
wet clay. Particular attention is given to the radionuclide release. 

B.3 Ageing behaviour 
Measurement or some physico­chemical properties (density, softening 

and self­ignition 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 
State of advancement 

All tests concerning part B.l were completed in 1988 and the results 
reported in the report of that year. 

During 1989 all remaining corrosion tests from part B.2 were finish­
ed : this includes tests on active Eurobitum samples at ambient and at 
repository like pressure in two clay related media, and also additional 
tests on inactive simulates at ambient pressure in the same media. For the 
tests at ambient pressure (both active and inactive tests) all results 
from chemical and radiochemical analyses are available, while for the 
tests at repository like pressure some results are still awaited. 

The measurements of the physico-chemical properties on real Eurobitum 
stored for 6.5 years are underway, and will be finished early 1990. 

Corrosion of inactive samples in clay related media 
To link the data from the inactive tests of part B.l with the active 

tests at ambient pressure of part B.2, inactive tests have been performed 
on samples of small (0.75 ml) and intermediate size (500 ml) in the media, 
used in B.2, being oxidizing interstitial claywater (OSIC) and a mixture 
containing 500 g Boom clay per liter OSIC (CC0SICM). The tests were ana­
lysed in terms of dimensional changes for the bitumen, and cation (Na, Ca, 
Fe, Zr, Mn, U) and anion (N03, SO^ F) analysis of the solution. The main 
conclusions are : 

- The substitution of distilled water (DW) by OSIC lowers the swelling 
with a factor 2 to 3,' but the influence of the sample size upon (relative) 
swelling persists (10 times higher swelling for the 0,75 ml samples than 
for the 500 ml samples). 

- The change of the leachate does not result in large differences in 
the leaching behaviour of the simulates, and therefore the main conclu­
sions from part B.l are confirmed : incongruent leaching of the waste 
constituents with on one side the diffusion controlled losses for NaN0_ 
(De = 1.7*10-13 m2.sec-1) and CaSO^ (De = 1.0*10-15 m2.sec-1) and on 
the other side the much lower (and probably solubility controlled) losses 
for U, Fe, Zr, Mn. The main difference between the results in DW and OSIC 
is the much slower release of CaS0lf in OSIC (De 10 * lower than in DW), 
probably due to the high initial sulphate concentration of the OSIC. 

- Addition of clay to the OSIC might slightly increase the swelling of 
the 0.75 ml samples (after 1 year 13 % in CCOSICM against 9 % in OSIC), 
the losses for most waste components (especially Ca and Mn) do increase. 
Also in the preponderant leaching mechanisms some differences occur : the 
characteristics of a diffusion controlled mechanism were not observed for 
CaSO^, while for Mn the loss.es might show here a diffusion controlled 
mechanism. 

Effect of pressure on the corrosion and swelling behaviour 
Active Eurobitum samples of about 0.85 ml each were exposed to corro­

sion in OSIC and CCOSICM at ambient pressure or repository like pressure 
(4.0 MPa). For the tests in CCOSICM, a separation of the clay from the 
leachate is performed after the tests by means of high speed centrifuga­
ron ; the liquid fraction is thereafter ultrafiltered (105 MW cut-off) 
before analysis. The same analyses as for the inactive tests are perform­
ed, but with additional radiochemical analysis (of Cs-137, Co-60, Sr-90 
and the total amount of alpha-emitters) on the liquid fraction, the clay 
and the rinsing water (of the test cup and of the ultrafilter) in case of 
CCOSICM, and on the leachate and the rinsing water (of the test cup only) 
in case of OSIC. 

182 



The main conclusione are : 
­ The swelling measured on the active samples is always an order of 

magnitute higher than for the inactive simulates, primarily due to the 
larger hardness of the simulates ; in comparison with this, the effect of 
all other changes (leachate, pressure) upon swelling is marginal. The 
raising of the pressure results for the longer durations (180 days and 
more) in a decrease of the swelling with a factor 2 in CCOSICM, while in 
OSIC the decrease is hardly significant. Addition of clay to OSIC might 
increase the swelling at ambient pressure (140 Ζ in OSIC against 190 % in 
CCOSICM after 1 year), but at repository like pressure the swelling in 
both media is almost equal (105 % in OSIC and 95 % in CCOSICM after 1 
year). 

­ As the results from chemical and radiochemical analyses for the 
tests under repository like pressure are only partially available, no 
conclusions about the influence of the pressure on the leaching behaviour 
can be put forward yet. A comparison between the leaching behaviour of the 
active samples at atmospheric pressure and the inactive samples in the 
same leaching media can however be made : contrary to the huge differences 
in swelling behaviour, only minor differences occur concerning the leach­
ing behaviour for both materials in OSIC : the active samples show higher 
losses for F and Mn and a less pronounced diffusion like mechanism for 
NaN03. The addition of clay does not increase the losses (for NaNO, and U 
they even decrease) from the active material ; the differences between the 
leaching results for both materials in CCOSICM are therefore larger, and 
in favour of the active material. 

­ The teste at atmospheric pressure in OSIC indicate that the reten­
tion capacity of Eurobitum for the radionuclides is very inhomogeneous : 
the alpha­emitters and Cs­137 are leached for a small fraction only (reep. 
< 0.1 X and < 0.02 X of the inventory), being constant with time while 
Co­60 and Sr­90 are further leached till 180 days (losses of 0.4 % and 15 
X resp.), whereafter the losses stay constant. The addition of clay seems 
to have a positive effect on the retention of Sr­90 and Co­60 : till 90 
days the releases are almost equal to those in OSIC, but as they stay 
constant afterwards, the releases for the longer durations are reduced 
with a factor 2. The Cs­137 release does not seem to be influenced by the 
addition of clay, while the releases of the alpha­emitters are raised (and 
probably not constant with time) : after 1 year 0.5 X of the·inventory has 
been leached (and a further increase with longer durations can not be 
excluded)· 

List of publications and lectures 
(1) Physico­chemical characterization of bituminized Eurochemic medium­

level waste. Annual report 1988 (R2757). Presented at the CEC progress 
meeting for task 3, sections 1 + 5 (Ispra, April 1989). 

(2) Physico­chemical characterization of bituminized Eurochemic medium­

level waste. Semestrial progress report January­June 1989, presented 
at the CEC progress meeting for task 3, sections 1 + 5 (Madrid, Sep­
tember 1989). 

(3) P. Van Iseghem et al., Characterization and compatibility of low­ and 
intermediate level waste forms, presented at the IAEA Third Research 
Coordination Meeting on Evaluation of Low and Intermediate Level 
Radioactive Solidified Waste Forms and Packages, (Harwell, November 
1989). 
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FÜLL SCALE LEACHING TESTS, LYSIMETER TESTS, SCALE EFFECT 

Contractor : CEA CÉN CAOARACHE - FRANCE 
Contract Ne : FI 1W/0095 Task 1/5 
Duration of contract : From August 86 to December 89 
Period covered : January 89 - December 89 
Project leader : A. SAAS 
Executant of task l : J.C. NOMINE - CEN SACLAY 

A) OBJECTIVE AND SCOPES 

The task 3 deals with the following areas of applied 
research : full scale leaching tests, laboratory lysimeter 
tests and the study of the scale effect in the leachability 
of radioactive blocks. 

B) WORK PROGRAM 

Bl) Knowledge of the transfer of radionuclides by 
leaching of full scale packages coming from the 
producer's facilities. 

B2) Laboratory lysimetric tests. 

B3) Study of the scale effect for a cement 137 Cs 
waste system. Possibilities of extrapolation from 
laboratory samples to full size active packages. 
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C) PROGRES8 07 WORK AMD OBTAINED RESULTS 

During the period January. December 1989 new and 
substential results on the above mentionned objectives have 
been obtained, specially in the fields of leaching tests 
carried out on full size active package lysimeter tests, 
and scale effect studies. 

1. FULL SCALE LEACHING TESTS 

Full scale leaching tests, using a static method with 
or without leachant renewal have been performed. 

1.1. Cement βΊ concentrate block from KfK (200 1) 

This test has been stopped after a duration of 
1450 days. The major radionuclides leached where 137Cs and 
90
Sr. The block which is now completely broken under the 

leachant effect will be reconditionned for transportation 
to the KfK producer facility. 

1.2. Cement cladding Hulls representative samples 
(2 11 

Two blocks have been leached, the foremost at 
20*C, the later at 70*C in order to appreciate the 
temperature effect on the leachability of the main 
radionuclides embedded. It has been observed that the 
leachability of 137Cs is multiplied by a factor 7 between 
20 and 70*C. For 60Co, 125

Sb and the traces of α emitters 
no significant results have been seen. 

1.3. EPOXV. Ion exchange resins packages (200 1) 

The leachability of ■LJ'Cs and DUCo which were the 
most important radionuclides encapsulated has been 
measured ; very low fraction of them have been leached, 
demonstrating the quality of the confinement. 
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2. LYSIMETER TESTS 

Lysimeters apparatus are now operational. After several 
tests with inactive samples surrounded by simulated host 
engineered barriers, it has been decided to carry out 
active tests. 

In a first step they have been conducting using the 
following protocol : 

- standard leaching test as a reference, 
- lysimeter tests with cement part doped with 

Cesium 137 : 
- "inactive" host barriers as surrounding materials 

(glass balls, silica sand). 

The comparison of the first results between lysimeter 
and traditional leaching tests are surprising ; to day, no 
really significant differences have been observed ; no 
explanation is yet avalaible. Tests are continuing. 

3. SCALE EFFECT 

A complete study of the scale effect in the area of the 
leachability of radioactive wastes embedded in cement has 
been achieved. 

The final report will be published. These study has 
been carried out on a cement. Cesium 137 system using 
samples of différents sizes (200, 20, 2 and 0,2 1). In 
conclusion, for this system only extrapolation between 
laboratories samples and full size parts is possible. 
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BITUMEN AND POLYMER CHARACTERIZATION 

Contractor t CEA CEN CADARACHE - FRANCE 
Contract N* t 71 1W/0095 Task 2/5 
Duration of contract : From August 86 to December 89 
Period covered t January 89 - December 89 
Project leader : A. SAAS 
Executant of task 2 : MM. C. COURTOIS -

H. VIDAL - DE TASSIGNY 
Mme Ν. LANGOMAΖINO 

A) OBJECTIVES AND SCOPES 

This part of contract includes three main items. 

1. BIODEGRADATION STUDIES - Mme Ν. LANGOMAZINO -
CEN CADARACHE 

The scope of these studies is the assessment of 
hydrocarbons biodegradation. 

The quantitative evaluation of the biodegradation is 
measured by the C02 production. 

The influence of the content of salts in the embedded 
waste is also studied. 

2. LEACHING STUDIES - C. COURTOIS - H. VIDAL -
CEN CADARACHE 

The scope of these leaching studies is the collection 
of data from : 

- leaching test of real reprocessing sludges embedded 
in blown bitumen, 

- leaching test of real ion exchangers (P.W.R. Origin) 
embedded in thermosetting resins (epoxide matrix). 
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3. DIFFUSION COEFFICIENT STUDIES - M. DE TASSIGNY 
SPR CEN.G 

Characterization test of ageing of embedded radioactive 
wastes in polymers is looking for among several 
spectroscopic methods adapted to the analysis of different 
polymeric matrices. 

Comparison between old and reference samples are 
studied mainly with epoxide materials. 

B) WORK PROGRAM 

Bl) Biodegradation studies Mme Ν. LANGOMAZINO. 

Bl.l) Screening of microorganisms able to degrade 
hydrocarbons. 

B1.2) Qualitative evaluation of biodegradation of 
bitumen MR 90/40. 

B1.3) Quantitative evaluation of biodegradation of 
bitumen MR 90/40 and waste forms by measure of 
co2. 

B1.4) Chemical evolution of bitumen after attack of 
microorganisms. 

B1.5) Influence of waste forms salts on the rate of 
biodegradation and microbial metabolism. 

B2) Leaching studies - C. COURTOIS - H. VIDAL. 

B2.1) Manufacturing of the samples (bitumen and 
polymer). 

B2.2) Initial analysis (bitumen and polymer). 
B2.3) Work survey. 
B2.4) Data collection and conclusion. 
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B3) Diffusion coefficient studies - M. DE TASSIGNY. 

B3.1) Bibliography. 
Bibliography state of the research in the field 
of ageing has been done for spectroscopic 
methods. 

B3.2) Study of the chemical state of degradation 
UV and IR spectrum in polymers give useful1 
informations of a state of degradation in the 
structure of the polymeric matrix. Degradation 
profiles have been obtained by analysis of 
samples coming from old wastes ageed in climatic 
conditions at the open air. 

B3.3) Study of morphologic degradation. 
Optical microscopic methods on thin layers cutted 
in samples will give information on 
thermomechanic ageing of the matrix. 

B3.4) Test of degradation. 
Correlation between these different kinds of 
analysis may give a test for defining a state of 
ageing. 

C) PROGRESS OF WORK AND OBTAINED RESULTS 

1. BIODEGRADATION STUDIES - Mme Ν. LANGOMAZINO 

This part of programme (Bl) is finished for one year. 
No progress and no new results are available during 1989. 

We are writting the final report. 
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2. LEACHING STUDES -C. COURTOIS - H. VIDAL 

2.1. Wastes embedded in bitumen (B2.3) 

Wastes are chemical precipitation sludges issued 
from reprocessing plant of La Hague and embedded in blown 
bitumen type 90/40. 

Leaching tests are conducted on cylindrical 
samples (0 50 mm, h 50 mm) manufactured in hot cell. 

The leaching surface is the upper part of the 
cylinder as for AIEA standard test. 

Radionuclides inclued in the matrix are 60Co, 
106Ru, 1 3 4 and 137Cs/

 238Pu and 241Am. Release of these 
nuclides is followed. 

Leach test are done in static manner during over 
a year. 

State of advancement 

Results after 540 days are available and have 
been given last April : the standardized cumulative leached 
ratio are close to 10"5 for 238Pu and 90Sr and one order of 
magnitude below for 137Cs. 

2.2. Wastes embedded in polymers (B2.3) 

These studies are set on ion exchangers embedded 
in an epoxide thermosetting resin. 

Leaching tests are conducted on cylindric samples 
(0 80 mm, h 80 mm) manufactured in hot laboratory. 

Leaching surface is the entire surface of the 
sample : no mould is necessary to maintain its integrity. 
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Main radionuclides included in the matrix are 
5 8 and 60Co, 1 3 4 and 137Cs and are being looked after. 

Leach test are done in static manner during over 
a year. 

State of advancement 

Results after 548 days (1,5 years) are available 
and balance is beeing set up : the standardized cumulative 
leached ratio are close to 10~3 for 60Co and 10~2 for 
137Cs. 

Leach test is definitively stopped. 

Final report for both bitumen and epoxy studies 
is under way. 

3. DIFFUSION COEFFICIENT STUDIES 

During 1989 the determination of concentration profile 
of cesium inside epoxy resins was achieved by two methods : 

- Secondary Ion Mass Spectrometry (SIMS) which gives a 
local determination of mass, 

- Neutron Activation Analysis which gives a total rate 
of element in samples (layers of polymer for 
instance). This was a reference method for 
determination of mass of cesium. 
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Profiles of concentration inside epoxy samples were 
obtained for cesium after immersion in aqueous of cesium 
chloride. Results were given after several diffusion times. 

An estimation of diffusion coefficient was calculated 
from the concentration profiles. Correlation between the 
two methods was rather good. 
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SPECIATION OF THE TRANSURANIUM ELEMENTS STEMMING FROM LOW 
AND INTERMEDIATE ACTIVITY LEVEL WASTES 

Contractor t CEA CEN CADARACHE ­ FRANCE 
Contract N" : FI 1 w/095 Task 3/5 
Duration of contract χ Fro» August 86 to December 89 
Period covered : January 89 ­ December 89 
Project leader χ A. BAAS 
Executants Of task 3 Χ D. 8TAKM0SE, P. MEIER 

CEN Fontenay aux Roses 

A) OBJECTIVE AND SCOPE 

The behaviour of radionucleides in the biosphere 
depends on their chemical form. The alpha emitters which 
can be present in solution, on several forms (complexes, 
precipitates, colloids...) need a particular attention. The 
aim of this program is to improve speciation methods soon 
in the laboratory and to set up new procedures giving more 
precise information (nature, size, charge) on the different 
species present in the leachates. 

B) WORK PROGRAM 

Bl) Study of the conditions of formation of 
radiocolloids of plutonium at trace level and 
first essays of characterisation of these 
colloids. 

B2) Study of two speciation procedures allowing the 
discrimination, in solution, between the 
valences V and VI of plutonium. 
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C) PROGRESS OF WORK AND OBTAINED RESULTS 

State of avancement 

(Bl) Experiments on the formation of radiocolloids of 
plutonium versus time have been conducted in 
NaC104 medium at pH 2 and pH 8, and for a 
plutonium concentration of 10~6 M. Ultrafil­
tration and ultracentrifugation experiments have 
been used to isolate and characterize the 
insoluble species. Some measurements using Photon 
Correlation Spectroscopy have been made on 
resulting solutions. 

(B2) According to literature data, two new procedures 
allowing the speciation in solution of the 
valences V and VI of plutonium have been tested. 
The first one, using the high retention of Pu VI 
onto silica (Pu V remaining in solution) has been 
set up and is now usable in our speciation 
studies. In the second one, the solid phase 
(calcite) was reported as a selective adsorbent 
of Pu V (Pu VI remaining in solution) . First 
experiments have pointed out the importance of 
parameters : pH, contact time, mass of solide.. . 
This study is continued. 

Progress and results 

(Bl) Colloids of plutonium 

In acidic conditions (pH-2), evidence for radiocolloids 
formation occurs after 3 weeks while for a higher pH 
(pH-8.5), insoluble species are décelable after 3 days of 
settling time. At this pH value, for contact time higher 
than 2 weeks, the distribution of plutonium between the 
insoluble and soluble fractions seems constant. Some Photon 
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Correlation Spectroscopy (PCS) experiments conducted on 
solutions 3 weeks old (pH 8.5) permit an estimation of the 
size of the Pu-colloid to 400 nm. The ultracentrifugation 
measurements on the same solutions give a density 
valueclose to those of water. The radiocolloids formed in 
these conditions (pH 8.5, 3 weeks of ageing) seem highly 
hydrated. 

The addition of calcium to the solution at two 
concentrations (above and below the solubility of calcium 
in this medium) does not induce a significative 
modification in the formation of Pu-colloids (similar 
kinetic and size). 

(B2) Speciation of Pu V/Pu vi 

Choppin [1] has reported a procedure using silica to 
separate Pu V from Pu VI. This method has been first tested 
on Np V because of its stability in solution. The results 
obtained for Np V and Pu V are quite similar : the quantity 
of radioelement sorbed on silica is less than 5 % of the 
total concentration. In the opposite, the sorption of Pu VI 
reaches 95 % of the total concentration. 

This procedure allows the separation of Pu V from Pu VI 
at pH 8 if the solution does not contain others Pu valency 
like Pu III for which a strong retention is predicted by 
analogy with Am III [3]. 

The other speciation method proposed by the same 
authors, using the calcite as support, seems in view of the 
first results not usable for a good speciation between the 
two oxydation degrees. First experiments have pointed out 
the sorption of Pu VI together with Pu V onto calcite. 
Moreover, solubility of calcite is pH dependent and kinetic 
of the Pu sorption is slow. Complementary experiments need 
to improve this method. 
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EMBEDDED WASTES AND LEACHATES ANALYSIS 

Contractor : CEA ­ CEN CADARACHE ­ FRANCE 
Contract n' : FI 1W/0095 Task 4/5 
Duration of contract : from August 86 ­ to December 89 
Period covered : January 89 ­ December 89 
Project leader : A. SAAS 
Executant of task 4/5 : A. RAYMOND ­ D. REVY ­ CEN 
CADARACHE 

A ­ Objectives and scope 

To characterize low level and intermediate level 
activities in nuclear wastes, we must develop analytical 
methods required for alpha and pure beta­emitters. 

For such measurements we must obtain a liquid 
sample, this implies a complete destruction of each matrix 
(bitumen, cement and thermosetting resins). 

The final objective of the program is to provide 
an acceptable set of methods for the characterization of 
each type of embedded waste. 

Β ­ Work programme 

Bl. Full destruction of embedded thermosetting resins. 
B2. Measurement of pure beta emitters ( 63 + 59N¿ . 

,55Fe, 99 T c ) 

B3. Mineralization of bitumen matrices and 
solubilisation of sludges used to coprecipitate nuclides. 

B4. Solubilization of cement matrices. 
B5. Method f o r c o n c e n t r a t i o n and measurement o f 

alpha­emitters at low l e v e l in l e a c h a t e s . 
B6. I s o l a t i o n of gamma­emitters at low concentrat ion 

(such as
 9 4

Nb) . 
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C - PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

I n 1989 , we c o m p l e t e d t h i s p rog ram by t h e 
development of procedures for measuring a lpha -emi t t i ng 
r a d i o n u c l i d e s a t low c o n c e n t r a t i o n in l e a c h a t e s . This 
corresponds to the task B.5 of the work program. 
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Progress and results 

Detection yield 
Detection yields of our four detectors were 

measured as a function of the source­detector distances by 
means of a 10.3 Bq ­ 243Am source electroplated on 19 mm 
(O.D) stainless steel disk. Results are in table 1. 

Detector 

Detector/source 
distance (mm) 

1 
4 
7 

21 

λ 

59 % 
35 % 
25 % 

6 . 9 % 

Β 

67 % 
42 % 
28 % 

7 . 9 * 

C 

60 * 
37 * 
25 % 

7 . 2 % 

D 

61 % 
38 % 
26 % 

7 . 3 % 

Table 1 ­ Detection yield (2"Π ) of 4 different Si (Li) 
detectors as a function of the source/detection distance. 

Background level 
A major parameter for determining limits of 

detection, the background levels of our 4 detectors were 
mesurad with 24 hours counting times. The results are in 
table 2. 

Detector 
A 
Β 
C 
0 

Miado« 
3­7 lUV 

SX 
IOS 
ss 
41 

5 . o s ­ s . a s MOV 
•(Fu­239) 

2 
• 
3 
2 

S.2S­S.40 MOV 
(0­232/ 
AM­243) 

S 
17 
12 
3 

3.40­9.40 NoV 
(Pu­23·/ 
A B ­ 2 4 1 ) 

2 
23 
10 
4 

S.C0­S.90 IUV 
(Pu­23·/ 
C B ­ 2 4 4 ) 

11 
11 
S 
4 

. ­>^­4 HoV 

10 
21 
IS 
10 

Table 2 ­ Background levels (impulses/24 H) of four 
different Si(Li) detectors. 
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Theorical limits of detection 
The data display in table 1 and 2 were used to 

calculate theorical limits of detection (table 3) by mean 
of the equation . 4 

ι ' 
mD = [1 +\ll + 2 Bt] . 1000 

t.R 
where mD is the minimum activity, in mBq, detectable with 
97,5 % probability 

t is the counting time (54000 s) 
R is the measurement yield for 4 it geometry with a 

detector/source distance of 1 mm. 
B is the counting rate of the background in cps. 

^ » ^ Radio­
^viiuclides 

^s. 
^ s ^ 

Detector ^s. 
A 
B 
C 
D 

Total α 

2.28 
2.76 
2.31 
2.00 

Pu­239/ 
240 

0.72 
0.87 
0.71 
0.70 

U­232, 
Am­243 

0.92 
1.26 
1.23 
0.77 

' Pu­238, 
Am­241 

0.72 
1.43 
1.15 
0.84 

' PU­236/ 
Cm­244 

1.20 
1.07 
0.91 
0.84 

Table 3 ­ Theorical limits of detection in mBq for 4 
different Si(Li) detectors. 

Praticai limits of detection 
Taking into account that several different 

determinations must be performed on the same leachate 
sample, aliquotes limited to 100 ml, are usually only 
available for c* analyses. 

The electrodeposition yields being around 80 % and 
the chemical separation yields between 50 and 90 %, all 
this leads to praticai detection limits for each seperate 
peak between IB Bq/m

3 (PU­239/240) and 36 Bq/m
3 

(PU­238/Am­241). 
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Optimization and characterization of cement products 
Încorporat ing ashes from radwaste inceneration. 

Contractor: E.N.E.A. Italy 
Contract No. : FI1W-0171-I (A) 
Duration of contract: January 1988 - December 1989 
Period covered: January 1988 - December 1989 
Project leader: G. Ricci 
A. OBJECTIVE AND SCOPE 
The incineration is presently considered a very good way to 

obtain strong volume reductions of intermediate and low 
activity solid radwastes obtaining at the same time a product 
apparently easy to be conditioned. In some cases nevertheless 
the ash solidification can give in the practice some problems: 
this was ascertained, for example, during the cementation of 
the ashes coming from the incineration of the Caorso radwastes 
at Studsvik (Sweden) . It was observed there in fact a mortar 
swelling during the cement setting phase and moreover an 
ammonia evolution was noticed. Because of this strong swelling 
produced in the case mentioned before the mortar went out of 
the drums and the solidified product was very porous. Similar 
problems are reported to have been met in other nuclear plants 
/l/. 

So this research contract aims to investigate about the 
reasons of these phenomena by means of a physico-chemical 
characterization of the mentioned ashes with the objective to 
define the best waste/cement mixtures with respect to the 
mechanical and leaching resistance properties. 

B. WORK PROGRAMME 
2.2 Ash selection and supplying. 
2.3 Ash characterization by·: 

-AA metal analysis 
-nitric, organic and ammoniacal nitrogen content 
-gamma spectroscopy radiochemical analysis 
-tap density 
-ash particle size. 

2.4 Ash cementation at 1/2, 1/3, 1/4 ash/cement ratio. 
2.5 Samples characterization by mechanical strength, setting 

time, thermal evolution.Depending on the first results 
obtained the program will be continued accordingly, if 

the case operating some ash pretreatment. Best composition 
selection. 

2.6 Best composition characterization by the ISO 6961-82 
long term leach test. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of advancement 
In the last year of activity concerning this contract the 

contractual planned actions have been finished. 
An investigation about the swelling phenomenon performed on 

the ashes Nustl and Nust2 showed that during the ash 
cementation an Hydrogen evolution happens in the mortar due to 
the reaction of metals like Aluminum present in the ashes and 
easely oxidable in alkaline media. 

To avoid the swelling phenomenon and the Hydrogen evolution 
an ash pretreatment has been proposed, based on the preliminary 
alkalinization of the ashes by 0.01 Ν NaOH solution. 

The ISO 6961-82 long term leach test performed at 40°C in 
deionized water on the Nustl and Nust2 cemented ashes with and 
without pretreatment gives results, concerning Cs and Co, 
similar to those reported in the literature for cemented 
radwastes. 

Progress and results 

Investigation on the swelling phenomenon and pretreatment 
proposal. 

The cementation of the Nust 1 and Nust 2 ash types has shown 
that the swelling concerns both ashes in a similar extent. The 
volume increase due to the swelling amounts to about 6% and 
occurs in the first hours after the mortar preparation. In 
order to understand the origin of the swelling phenomenon a 
chromatographic analysis has been carried out on the gases 
collected during the cemented ashes setting. The analysis has 
shown the presence in them of remarkable H2 amounts, at a 
concentration of about 10~

5 moles H2/gr.ash. Moreover the 
microscopic analysis of the ash has shown the presence of small 
metallic pieces in both ash types . In order to understand the 
origin of the H2 evolution from the mortar, some experiments 
have been carried out by cementation of metallic powders 
composed of Aluminum, Iron and Zinc. An important H2 gas 
evolution during the cementation was detected only in the case 
of Aluminum metal powder, and at an Aluminum concentration of 
50 ppm the same swelling effect as in the case of the Nust 1 
and Nust 2 cementation was observed. 

Some experiments have been therefore carried out in order to 
avoid the swelling phenomena by a suitable pretreatment. In 
this way it was possible to establish that the swelling 
effects could be avoided if the ashes are contacted, for more 
than 24 hours, before the cementation, with a 0.01 M NaOH 
solution at the same ratio as the water-cement. This solution 
will therefore replace the water needed by the cementation 
process. Some samples obtained by the cementation of the Nust 2 
ash after the above-mentioned pretreatment have shown the 
characteristics given in Table I. 
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Apart the setting time, which is slightly longer, the other 
product characteristics demonstrate that no effects appear by 
using NaOH 0.01 Ν in the place of water, according to the 
proposed pretreatment. 

Long term leach test 
The long term leach test procedure applied for the 

leachability determination is the ISO 6961/82 Standard Method, 
performed at 40°C in distilled water /2/ with real radioactive 
cemented ashes. 

The shape of the cemented ash samples was cylindrical, 5 cm 
both in diameter and height. 

The leaching rate measurements regarded the Csl37 and Co60 
nuclides, the only ones detectable. 

The leach test has been performed on the following 
ash-cement mixtures: 

Nustl ash: ash/cement = 1/2 w/w 
ash/cement = 1/2 w/w after ash pretreatment with 

NaOH 0.01 Ν 
Nust2 ash: ash/cement = 1/4 w/w 

ash/cement = 1/3 w/w 
ash/cement = 1/2 w/w 
ash/cement = 1/2 w/w after ash pretreatment with 

NaOH 0.01 Ν. 
In the Figures 1, 2, and 3 the leach test resuls are given 

in terms of % leached fractions. 
The obtained results, concerning Cs and Co, are similar to 

those reported in the literature for cemented radwastes /3/, 
IM, /5/, /6Λ 

From the results shown in the Figure 1 and regarding the 
Nust2 ash unpretreated it seems that the Cs leached fraction 
increases remarkably when the ash-cement ratio exceed 1/3 w/w. 
Moreover the ash pretreatment by NaOH 0.01 Ν seems to be more 
effective for the Nust2 ash (Figure 2) than for the Nustl ash 
(Figure 3) from the point of view of the leaching. In fact the 
ash pretreatment in the case of the Nust2 ash improve the 
leaching results for the ash-cement ratio 1/2 so that these 
are similar to those ones obtained in the case of the 
ash-cement ratio 1/3 of the unpretreated ash. 

REFERENCES. 

/I/ CEN-SGK MOL Private communication. 
12/ ISO 6961-1982 (E) . "Long-term leach testing of 

solidified radioactive waste forms". 
/3/ CEC. "Characterization of low and medium level 

radioactive waste forms". EUR 8663 EN. 1983 
/4/ CEC. "Etudes des mécanismes de piegeage du cesium par 

des melanges additif-cement pour le conditionnement des 
déchets nitrès". EUR 8663 EN. 1983 

/5/ CEC. "Evaluation of conditioned waste and qualification 
of engineered barriers". EUR 12141 EN. 1989 

/6/ IAEA. Conditioning of low and intermediate level 
radioactive wastes. Technical report series n. 222. 
Vienna 1983 
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TABLE I MECHANICAL STRENGTH, SETTING TIME AND EXOTHERMIC 
TEMPERATURE PEAK RESULTS OF THE NUST2 PRETREATED 
CEMENTED ASH, IN COMPARISON WITH THE SAME 
CEMENTED UNPRETREATED ASH CHARACTERISTICS. 

Ash/Cement 
Water/Cement 
Size 

w/w 
w/w 

Nust2 
unpretreated 

1/2 
0.5 

cube 10 cm. 

Nust2 
pretreated 

1/2 
0.5 

cube 10 cm. 
Mechanical 
Strength after 
28 days kN/m2 13000 14000 
Exothermic 
Peack 35 38 
Setting 
Time 10 
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EXPERIMENTAL STUDIES OF THE EDF REACTOR 
WASTES LEACHING (RMA4 and 5) 

Contractor : CEA/CEN CADARACHE - FRANCE 
Contract N° : FI 1W/0172 
Duration of the contract : From August 1988 to 
June 1990 
Covered period : January 1989 - December 1989 
Project leader : A. SAAS 
Executant : J. GIRARD - CEN CADARACHE 

A) OBJECTIVES AND SCOPE 

Qualification studies of 1ER. coating, with polymeric 
(PEC/SIE - Dow Method), were achieved by E.D.F. and CEA. 

Very active 1ER conduct to difficult chemical problems. 
So, experimental studies about reactor wastes leaching with 
sample of 1ER coating with polymeric (and catalyser, 
promoter) are necessary to study parameters and quality of 
confinement. This experimental work is beginning 
since 1988. Five investigation directions, in research, 
will be study : 

- optimization of sampling, "Ao" measure (initial 
activity), 

- reproductiveness of leaching levels, with load and 
1ER type, 

- influence about leaching level of the load of the 
lixiviation liquid (type of storage), 

- influence of coating about lixiviation level, 
- influence of full-scale about parameters. 

B) WORK PROGRAMME 

All tests use active and inactive samples .with high and 
low amount of 60Co, 1 3 7Cs, B, Li in impurities. 

The static lixiviation timing is 15, 30, 60, 90 days. 
Bl) "Ao" making up of samples and Ao studies : 

- disc thickness : 3, 5, 10, 20 mm, 
- clip mass : 1, 10, 20 g 
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Destructive and non destructive method for 
analytical measures. 

B2) Lixiviation studies in RFS water ( 4 x 2 measures 
with active samples) 
Lixiviation speed (cm/d) 

B3) Idem with inactive samples 

B4) Active sample test procedure with : 
- de-ionized water, 
- RFS water pH8, 
- RFS water pH4, 
- RFS water with E.D.T.A. 
( 4 x 2 measures) 

B5) Inactive sample test procedure with : 
- 1ER type coating : anionic, only 
- de-ionized water, 
- RFS water pH13, 
- RFS water 5*C, 
- RFS water + boron. 

B6) Inactive sample test with 2 different volumes of 
leaching (0,8 and 3 liters) 

B7) Inactive sample test with different V/S values 

B8) Inactive sample test with different sequences : 
- 4 χ 7 days, (shorter) 
- 30 and 90 days, instead 15, 30, 60, 90 days. 

B9) Inactive sample test with agitation of water at : 
- 30 and 90 days. 

BIO) Coating studies with active samples 
- RFS water and 1ER without coating, 
- RFS water + 3H and 1ER with coating, 
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- RFS water + 134Cs and 1ER with coating, 
- Active sample and, then, inactive sample in the 
same RFS water 

Bll) Coating studies with inactive samples 
- RFS water and 1ER without coating, 
- RFS water and carrot type sample, 
- RFS water and greater coated sample (0,66 
instead 0,60), 

- Sample with Β + Li and, then, sample without Β 
+ Li in the same RFS water. 

B12) Effect of irradiation 
- 2 samples loaded with Β + Li and then leaching 
study. 

B13) Full-scale effect 
- RFS leaching on two industrial full-scale 
packages for one year. 

C) PROGRESS OF WORK AND OBTAINED RESULTS 

Samples 

All samples for Bl to B13 are realized and under 
studies. 

Inactive studies 

All tests concerning inactive samples are finished, 
except : 

- optimization of measures of initial concentration 
(Bl), on study, 

- irradiation of samples for leaching comparative tests 
(B12), on study. 
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All results are presented in annual report 1989 and 
resumed in table 1. 

Active studies 

Studies with samples 

All tests concerning the actives samples are finished, 
except : 

- optimization of measures of initial concentration 
(Bl), on study ; 

- three last tests of BIO (RFS water with 3H or 134Cs ; 
active and inactive samples in the same volume of RFS 
water) ; 

- measure of leaching ratio for Β and Li obtained on 
active samples, in regard of the same values for inactive 
samples. 

All results are presented in the annual 1989 report and 
resumed in table 2. 

Full-scale studies 

On two full-scale samples, fabricated by EDF (Power 
Plant of ST ALBAN), the following operations are realized : 

- measure of MAo" by direct gamma spectrometry (results 
in table 3), 

- beginning of leaching studies on november 89 ; the 
first results are presented in table 4. 
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TABLE 1 
Inactive samples ­ Results 

N
e 

B3 

B5 

B5 

B5 

B5 

B5 

B6 

B7 

B8 

B8 

Test type 
Low and high 
load in B, Li, 
(k ~ 10) 

1ER type 
(anionic, only) 
Lixiviation 
water tempera­
ture (5°C and 
20°C) 
Basic lixiviation 
water (with 
PORTLAND cement ; 
pH ~ 13) 
De­ionized 
lixiviation 
water 
Lixiviation 
water with Β 
(175.IO"

6 g/l) 
Volume lower of 
lixiviation water 
(k = 1/4) 
V/S parameter 
(V/S, k = 1,2) 

Endurance 
sequences (4x7 
days) (shorter) 
instead of 14, 
14, 35, 28 days 
Endurance 
sequences 
(greater : 28 and 
63 days) 

Conclusions 
With low loads, lixiviation 
parameters are lower : 
Reference B = 76.10"^ cm.d­1 

speeds Li= 66.10­5 cm.d­1 

No influence on. lixiviation 
parameters 

No influence 

Lixiviation parameters are 
more important : 
boron : k = 6 ; Li : k = 4 

Lixiviation parameters are 
lower for B(k = 1/15), and for 
Li (no lixiviation) 
Results dispersion 

For Li, k = 0,7. 
For B, k = 1,1. 

Lixiviation parameters are 
lower (k = 0,5 for B ; k = 0,7 
for Li) 

No influence for B : but 
k = 1,4 for Li. 

No influence 

NB : k (multiplying factor) = ratio between caracteristics 
samples results and reference results 
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TABLE 1 (continued) 
Inactive samples ­ Results 

N* 

B9 

Bll 

Bll 

Bll 

Bll 

Test type 
Lixiviation 
water agitation 
1ER without 
coating 

Test with a 
carotted sample 
Test about coated 
coefficient 
(0,66 instead 
0,60) 
Test with 2 
samples, (one 
without B, Li ; 
one with B, Li) 

Conclusions 
Β : no influence 
Li : k ~ 1,3 
A clear influence for 
B : k ~ 3 
(Li : k ~ 0,8) 
No influence 

B : k = 1,25 
Li : k = 0,9 

For now, partial results and 
B : no influence 
Li : k = 0,6 (?) 

TABLE 2 
Active samples ­ Results 

N* 

B2 

B4 

B4 

B4 

B4 

BIO 

Nature 
Various load 
in B, Li, Cs, 
Co ("l" et "xlO") 
in RFS lixi­
viation water 

De­ionized 
water 
at pH13 

at pH4 

With E.D.T.A. 
(0,75 g/1) 
1ER (only) 

Results 
Reference speed : 
Cs 7 7.10"5 cm.d"1 
Co 3 3.10"5 cm.d"1 
For low charges : 
Co : k = 0,8 
Cs : k ~ 1,0 
Co : k = 7.10"3 
Cs : k = 6.IO"3 

Co : k = 1,1 
Cs : k = 1,2 
Co : k = 1,5 
Cs : k = 0,9 
Co : k = 5 
Cs : k = 1,6 
Co : k = 0,2 
Cs : k = 0,2 

NB : k (multiplying factor) = ratio between caracteristics 
samples results and reference samples results 
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TABLE 3 
Values of activities for the 2 full-scale samples 

(in MBq at 10.05.89) 

54Mn 
58Co 
60Co 
110mAg 

124Sb 

L 28 
3000 + 360 
6885 ± 785 
14370 ± 1560 
308 ± 54 
381 + 45 

L 29 
2575 + 295 
5910 + 660 
12200 + 1310 
243 ± 34 
269 + 30 

TABLE 4 
First results of leaching test ("L28" sample) 

- leaching ratio (%) (at 60 d) 
- leaching speed (cm d ) 

parameters 

element 

6°Co 
(60Co*) 

Eai „ 
AO % 

0,002 
(1,86) 

L.S. cm.d-1 

0,45.10~5 

(40.10"5) 

(60Co*) : little sample reference values at 62 d with 
Ao 6 0 C o -0,7 MBq 
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RADIATION EFFECTS ON MEDIUM ACTIVE WASTE FORMS 

Contractor: UKAEA, Harwell, U.K. 

Contract No.: FI.1W.0175 U.K.(H) 

Duration of Contract: January 1 1988 - December 31 1989 

Period Covered: January 1 1989 - December 31 1989 

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: to provide immediate 
data on the effects of radiation on important European ILW waste forms 
through accelerated laboratory tests; and to develop an understanding of 
the degradation processes so that long-term, low dose rate effects can be 
predicted with confidence from short-term, high dose rate experiments. 

The programme includes cemented inorganic waste forms; organic matrix 
waste forms; and cement waste forms with a substantial organic component. 
Irradiation of simulated waste forms is carried out by external gamma 
sources; by the incorporation of alpha emitters, such as Z 3 B Pu; and, if 
appropriate, by the incorporation of beta emitters. The irradiated 
materials include matrix materials as well as simulated waste forms. 
Real fully active waste forms (FAWF) will also be studied. 

Specific technical data generated include information on the effects 
on: mechanical integrity; dimensional stability; gas evolution; 
radionuclide release; and microstructure. Other information being 
generated includes models and predictive methodology for the assessment of 
long-term behaviour. 

B. WORK PROGRAMME 
B.l Selection and procurement or manufacture of specimens of simulated 

waste forms and matrix materials. 
B.2 Gamma-damage experiments on materials from B.l. Measure gas 

evolution and absorption. Provide specimens for B.4. 
B.3 Alpha-damage experiments on materials from B.l. 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 Basic mechanisms. Develop theoretical models. Measure any 

additional necessary material properties of simulates and matrices. 
B.6 Procure and characterise fully active wastes. 
B.7 Manufacture fully active waste forms (FAWF). 
B.8 Age FAWF through self-irradiation. 
B.9 Measure gas release during B.8. 
B.10 Measure physical properties of FAWF during ageing. 
B.ll Conclusions and feedback to B.6. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
Summary 

Work has continued on measurements of dimensional changes, strength, 
and gas evolution on samples of several simulated waste forms under 
accelerated Ζ and α irradiation conditions. Samples of RMA5 (mixed ion 
exchanger materials in a modified vinyl ester polymer matrix) spiked with 
137

Cs have been prepared and are undergoing leach testing. Samples of 
RAMILI (mixed PCM materials in cement) subjected to both internal α 
irradiation and external Ζ irradiation have continued to be monitored. 
Under some Ζ irradiation conditions RMA11.1 swells, no swelling has been 
observed in α irradiation experiments. Samples of fully active fuel hulls 
from reprocessing fast reactor fuel at Dounreay have been characterised 
and immobilised in a 3:1 BFS/OPC cement grout. The samples have now 
reached a self-radiation dose of 4 MGy and have remained in good physical 
condition with no measurable dimensional changes. The effects of Ζ 
irradiation on cement grouts based on BFS/OPC has continued. Gas pressure 
calculations indicate that pressure build up in isolated pores over a 
period of 12 hours or so could approach the tensile strength of the matrix 
but that a permeability lower than 10"21 m2 would be needed to continue 
this pressure. Ζ irradiation of fully saturated samples indicates that 
cracking/spallation occurs at a high dose rate of 3 Gy s"1. 

Progress and results 
1. Gas evolution/absorption during Ζ irradiation (B2) 

Measurements of gas evolution in RMA11.1 during gamma irradiation at 
a dose rate of 0.09 Gy s"1 were continued during this period. Data has 
been obtained on: 

(i) 10 cm diameter samples irradiated immersed in water in both air and 
argon atmospheres; 

(ii) 15 cm diameter decanned samples irradiated in air and argon; 
(iii) 5 cm diameter decanned sample in argon. 

The G values for hydrogen evolution are similar in all decanned 
samples, independent of sample size or the atmosphere in which the sample 
was irradiated; the mean value for G(HZ) in RMA11.1 is 0.078. In samples 
irradiated while immersed in water, water radiolysis dominates the 
evolution of hydrogen, the G value increasing to 0.19. 

In all of the samples RMA11.1 which were irradiated in air, oxygen 
absorption was observed. Values of G(02) are more difficult to estimate 
since in many cases all of the oxygen initially present had been absorbed 
by the end of the dose interval. .Best estimates indicate that the G value 
may be dependent on sample size, the 15 cm diameter sample having a marked 
smaller G value (of the order of 0.08) than the 5 cm diameter sample (>1). 

There is no completely unambiguous evidence for the emission of HCl, 
just some indications that it may be present at the limits of 
detectability in samples irradiated dry. 

Irradiations are continuing at a dose rate of 0.3 Gy s"1 to a total 
dose of 12 MGy for samples of 3:1 and 9:1 BFS/OPC grouts. Up to a total 
dose of 9 MGy oxygen has continued to be adsorbed. 

2. Gas evolution/absorption during tt irradiation (B3) 
Samples of coarsely shredded PCM (RMA11.1) containing plutonium-238 

have now received a total α-dose of 6.5 MGy. The rate of hydrogen 
production has decreased from an early value of G(H2) = 0.3 to G(H2) = 
0.23. When the samples are exposed to air oxygen absorption occurs. The 
only other gases observed are traces of carbon monoxide, methane and 
ethane. 
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3. Dimensional stability, etc. (B4) 
In earlier work on the leaching of 137Cs from polymer­based 

wasteforms (RMA5) containing wet wastes, enhanced leaching was observed in 
the early stages of leach tests in irradiated samples. It was proposed 
that this could arise as a result of water loss from the surfaces of the 
sample, forming a Cs rich layer close to the surface, rather than being a 
radiation effect. To test this hypothesis, a series of leach samples have 
been prepared with known levels of water loss, irradiated at two different 
dose rates for the same periods of time as control samples. The full 
results of these leach tests are not yet available, but preliminary 
indications are that there is a significant difference between the 
irradiated samples and control samples with a similar level of water 
loss. 

Samples of RMA11.1 wasteform comprised of coarsely shredded PCM 
immobilised in PFA/OPC have remained in good physical condition with 
negligible weight loss and no significant dimensional change after an α 
dose of 6.5 MGy received in 1130 days. Samples of a similar composition 
but using finely divided organic waste materials have achieved α­radiation 
doses of 54 MGy and remain in good physical condition. 

4. Additional measurement (B5) 
Samples of RMA11.1 containing powdered organic PCM were analysed 

after receiving a total α­radiation dose of 54 MGy to determine the 
breakdown of the PVC present. The wasteform was leached with 4M nitric 
acid and it was found that the leachate contained chloride ion equivalent 
to 11% of the chlorine present as PVC in the starting material. 

Previous studies have indicated that BFS/OPC grouts exhibit cracking 
and spelling during Y irradiation at high dose rates (3 Gy s"1

). This 
behaviour may have been caused by radiolysis gas, mainly hydrogen, 
becoming trapped in the closed pore network of the cement matrix. Gas 
pressure calculations have indicated that pressure build up in isolated 
pores over a period of 12 hours or so could approach the tensile strength 
of the matrix but that a permeability lower than 10"21 m2 would be needed 
to contain this pressure. At this stage it is difficult to be conclusive 
about whether hydrogen pressurisation is the cause of failure. However, Ï 
irradiation of a limited number of saturated 3:1 BFS/OPC grouts have shown 
a tendency to crack. Further irradiations are in progress. 

5. Immobilisation of fast reactor fuel hulls in cement (B7, B8, B9, BIO) 
Samples of fuel hulls waste from reprocessing fuel subjected to high 

burn­up in the PFR at Dounreay have been immobilised in a 3:1 BFS/OPC 
cement grout. The samples have reached a self­radiation dose of 4M Gy and 
remain in good physical condition with no measurable dimension change. 
When the samples are held in a closed container initially filled with air 
there is a rapid absorption of oxygen. Hydrogen then continues to be 
evolved steadily to give a G(H2) = 0.02 for stainless steel hulls (from 8% 
burn­up fuel) and G(H2) = 0.002 for PE16 alloy hulls (16% burn­up fuel). 

Publications 
/l/ PHILLIPS, D.C., McHUGH, G., HITCHON, J.W., WILDING, CR., 

SPINDLER, W.E., LYON, CE., WINTER, J.Α., LINDSELL, P.H.R., The 
effects of radiation on intermediate level wasteforms, 1987 Annual 
Report, AERE­R13019 (1988). 

/2/ JOHNSON, D.I., WILDING, CR., LYON, CE., BURNAY, S.G., WINTER, J.Α., 
PHILLIPS, D.C, SPINDLER, W.E., LINDSELL, P.H.R., Radiation effects 
on medium active wasteforms, Annual Report, AERE­R13398 (1988). 
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/3/ WILDING, CR., PHILLIPS, D.C., LYON, C.E., The effects of radiation 
on intermediate level wasteforms, MRS Conference on Waste Management, 
Berlin, October 1988: 
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FIRE TESTING OF FULLY ACTIVE MEDIUM LEVEL WASTE FORMS 

UKAEA, Harwell Laboratory, UK. 
FI. 1W. 0176. UK(H) 
July 1988 to March 1990 
January-December 1989 
Dr RP Bush 

Contractor 
Contract No 
Duration of contract 
Period covered 
Project Leader 

A. OBJECTIVES AND SCOPE 
The behaviour of medium level waste forms is being studied at 

temperatures that might be encountered in accidents involving fires. The 
information obtained will be useful in safety assessments in the transport 
and disposal of these packaged radioactive wastes. 

There are two parts to the programme: 

(a) an experimental part in which samples of waste form are heated to 
obtain data on the radionuclides released, the gases evolved and the 
physical effects on the waste form, 

(b) a theoretical and interpretive part in which experimental data is used 
to describe the behaviour of the waste form in a fire. Information from a 
concurrent programme at Winfrith on heating full scale inactive drums will 
be included. 

B. WORK PROGRAMME 

2.2 Procurement of samples of fully active wastes for study. 
2.3 Manufacture of small-scale samples of waste form to reference 

specifications for each waste. 
2.4 Heating the samples of packaged waste form under conditions to 

simulate a fire accident during transport (in which case the full size 
drums would be in a transport flask) or in a repository. 

2.5 Measurement of the radioactive material released from the heated 
packaged waste form as a function of temperature. 

2.6 Measurement of the inactive materials produced when the waste 
form is heated, including solid particulates, steam and other 
condensable materials and gases. 

2.7 Examination of the residues from heating the waste form. 
2.8 Information derived from the experimental programme is to be assessed 

and used as an input to the development of a 
mathematical model. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of advancement 
The four waste streams selected for study have been subjected to 

heating to 300°C and 1000°C in furnace experiments. The programme of 
experiments has been completed. Analysis of the products released from the 
waste form during heating is nearing completion. These data are being 
subjected to interpretation and fitted to a theoretical model to predict 
the release- of radioactive materials from drums containing immobilised 
radioactive wastes when they are subjected to heat. The programme has been 
extended in time by three months to be complete by March 31st 1990. 

Progress and Results 
2.3 Samples of each of the active waste forms were prepared according to 
the producer's specification. The four waste streams are listed below: 

(a) Magnox sludge ex BNFL Sellafield was immobilised in a mixture of 
3 parts Blast Furnace Slag (BFS) and 1 part Ordinary Portland 
Cement (OPC). 

(b) Fuel hulls from reprocessing PFR fuel at Dounreay were 
immobilised in a 3:1 BFS/OPC cement. 

(c) A mixture of shredded organic material typical of UK PCM was 
contaminated with aged plutonium dioxide powder and immobilised 
in a 3:1 PFA (Pulverised Fuel Ash)/OPC cement grout. The waste 
was contained within a mesh basket positioned centrally in the 
stainless steel can. 

(d) A mixture of inorganic and organic ion exchangers was loaded with 
caesium-137, strontium-85 and cobalt-60 and then immobilised in a 
vinyl ester resin matrix. 

2.4 HEATING OF WASTE FORMS 
Samples of each waste form contained in a stainless steel can (12cm 

diameter) were heated by placing them in an oven at 300°C or 1000°C. The 
samples were generally held in the oven until dryout of the sample was 
achieved. 
2.5 MEASUREMENT OF MATERIALS RELEASED FROM HEATED WASTE FORM SAMPLES 

When cemented waste forms were heated in a vented container 
vapourisation of the contained water was observed. The condensate from 
this evaporation was initially alkaline and it is believed that some of the 
alkali and alkaline earth elements present in the cement pore water were 
carried forward with the steam. Wasteforms containing BFS were found to 
produce hydrogen sulphide and sulphur dioxide gases when heated above 300°C 
and solid sulphur was deposited in the collecting circuit. 

(a) Magnox sludge in 3:1 BFS/OPC 

At temperatures up to 300°C the steam produced was condensed to 
give an alkaline solution (pH 10-11). No solid phase was 
observed to be carried forward. The release of radioactive 
material was low with only the cobalt-60, strontium-90 and 
caesiura-137 being detected. The highest release was 0.05% of the 
caesium-137 in 12 hours. When the waste form was heated to 
1000°C sulphur was deposited in the off-gas collection system. 
The aqueous condensate was initially of pH 12 but this decreased 
rapidly to pH 1 as the sulphur species were produced. The levels 
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of radioactivity released from the container were initially high, 
probably because bleed water present in the sample was boiled to 
release higher than normal levels of activity. The level of 
radioactivity in the condensate then fell to a minimum before 
increasing to higher values again a volatile caesium species 
were formed. 

(b) Fuel hulls in BFS/OPC 

At 300°C the only significant release was a steam which condensed 
to give an alkaline liquid (pH 11). The levels of radioactivity 
released were low with Ru-106, Cs-137, Sb-125, Te-125 being 
detected. The highest release was 2x10"5% of the caesium-137. 

When the active waste form was heated to lOOO'C no significant 
quantity of solid was seen to be released unlike the inactive SS 
hulls simulant where sulphur was collected. The aqueous 
condensate remained alkaline. This behaviour is believed to be 
due to reaction of sulphur with the PE16 alloy hulls. Releases 
of radioactive material were low and showed an increasing rate of 
release of caesiura-137 with temperature. The total caesium-137 
released was 0.14%. 

(c) PCM in PFA/OPC 

When the PCM waste form was heated to 300°C an aqueous condensate 
was obtained. The pH of the condensate rose from 3 to 9. 
Releases of radioactive materials were very low. Heating the 
waste form to 1000°C caused decomposition of the organic material 
as well as dehydration of the cement. Organic and aqueous 
condensate phases were obtained. The pH of the aqueous phase 
decreased from 11 to 1 due to production of hydrochloric acid 
from the PVC present. Releases of radioactive material were very 
low. 

(d) Ion exchangers in vinyl ester 

When the waste form was heated to 300°C an aqueous condensate was 
obtained together with a small amount of oil. 

When the waste form was heated to 1000°C then the organic 
materials were decomposed to give tars, oils and gas. Despite 
this severe decomposition very little of the inventory of 
radioactive materials was released (10~*% of the caesium-137). 

2.8 THEORETICAL ASSESSMENT OF BEHAVIOUR OF WASTE FORMS ON HEATING 
A theoretical model has been developed to calculate the temperature 

distribution through a drum of waste form subjected to heat. Early 
calculations gave inadequate correlation of calculated temperatures with 
those observed in the small scale heating experiments. Measurement of the 
thermal conductivity of waste forms as a function of temperature has 
provided better data for the thermal capacity of the waste forms and 
permitted good agreement between calculated and observed data. 

The mechanisms of release of radioactivity from drums of immobilised waste 
subjected to heat are considered to be: 
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(i) ejection of solid particles of waste form by the steam produced 

(ii) carry forward of a fraction of initially present as dissolved 
species in the pore water of the waste form 

(iii) creation of a volatile species which is subsequently condensed 
when cooled. 

The contribution of mechanism (i) is not believed to be significant 
info the small scale experiments or in the full size (inactive) experiments 
carried out at Winfrith. Mechanism (ii) may be responsible for most of the 
transport of radioactive material observed at up to 300°C. The formation 
volatile species increases with temperature and generally becomes more 
significant at waste form temperatures above 500°C. 

When the data from all experiments are available, an empirical 
relationship will be fitted to the calculated temperature profiles to 
enable the prediction of the release of radioactive material from drums of 
waste forms subjected to external heating. 
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TITLE: Investigations into the behaviour of highly 
compacted dry low level radioactive waste under 

repository conditions 

Contractor; Taylor Woodrow Construction Limited 
Contract No: FI 1W.0178. UK(H) 
Duration of Contract: April 1988 - December 1989 
Period Covered: January 1989 to December 1989 
Project Leader: Mr S Ν Field 

A. OBJECTIVES AND SCOPE 
The supercompaction process (in which a steel drum containing low 

level radioactive waste is subjected to axial pressures of up to 70 MPa) 
results in a significant saving in the volume of a repository necessary 
for disposal of such wastes. Whilst it is likely that some compacted 
waste forms are inert, for other materials the energy dissipated in the 
compaction process may result in time dependent swelling. Such expansion 
may, if restrained, induce stresses which could potentially disrupt 
containers, or the overall integrity of the repository. Many materials 
swell when wetted, and the elimination of voidage by the supercompaction 
process may significantly increase the extent of swelling-on-wetting. 
Supercompaction of the waste may limit the mobility of soluble material 
within the waste; biological and chemical degradation of waste and drum 
may also be altered by the supercompaction process. 

The project is a scoping study to determine which if any of the 
above factors are of significance in the use of supercompacted waste 
forms in a repository. All work is being carried out on full scale 200 
litre drums of simulated waste. 

The work is being undertaken in collaboration with Hansa Projekt 
GmbH, British Nuclear Fuels, U.K.A.E.A., UK. Nirex and the N.I.I. 

B. WORK PROGRAMME 

Bl Waste characterisation - definitions of range and types of 
LLW that would be considered suitable for supercompaction. 

B2 Simulant LLW Specification - identifying the types of 
material that could exhibit interesting behaviour, and preparing 
schedules of drum contents. 

B3 Define test programme to monitor dimensional stability of 
compacted waste forms, force generation, mobility of soluble 
materials and generation of gas. 

B4 Design, fabricate and commission test rigs. 

B5 Procure simulant materials, prepare drums, tranship to 
Hansa Projekt GmbH, supercompact drums, and tranship back to UK. 

B6 Undertake physical test programme on compacted drums. 

B7 Complete final report. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 
Summary 

All experimental work has now been completed with the exception of 
a small number of tests in which the monitoring of stresses developed by 
long term expansion is continuing. These on-going tests are'outside the 
scope of the current CEC contract. 

The experimental work has been successful and the original aims of 
the project have been largely met. A time-only extension was granted 
during 1989 by the CEC for this project. Contract completion is now on 
31 December 1989 and preparation of the final report is well advanced. 

During 1989 dimensional monitoring of the drums compacted in 1988 
continued. Compacted drums were also observed under conditions of 
continued wet storage both with and without the restraining influence of 
the metal drum. Gases evolved during storage have been collected and 
analysed. A variety of measurements of the mechanical behaviour of the 
compacted drums has also been made, including stress/strain relationships 
during loading/recompaction, stress relaxation in loaded drums, and 
stress generation in drums loaded and subsequently restrained. Stress 
development on restrained drums subjected to water immersion was also 
measured. 

Progress and Results 
1) Dimensional Monitoring of Dry Compacted Drums (B6) 

A set of nine datums were affixed to each drum immediately after 
compaction, although data for only three of these has been used for 
analysis (centre and two on diametrically opposite edges). Engineering 
calipers and a vernier were used to measure the thickness of each disc; 
the diameter of each disc was also monitored, but not found to change in 
the course of the programme. 

Two main conclusions have been drawn from the data: 

i) Swelling in dry conditions after supercompaction is of the 
order of 1mm only, and takes place within a few days of 
compaction. 

ii) There is no significant swelling in the period between 1 
month and 1 year after compaction. 

It should however be noted that different drums of the same 
contents gave similar (but not identical) expansions. 

2) Wet Storage of Unconstrained Drums (B6) 
The immersion of such specimens was intended to provide general 

comments on the integrity of the compacted waste when not constrained by 
the presence of the compacted drum. The original depths of the compacted 
drums were 50-100mm; all expanded to depths of 170 to 240mm, an expansion 
factor of between 2 and 4. 

Generally the waste remained intact, although the fibre board 
drums split due to the expansion of the contents. Signs of escaping 
methylene blue dye (from the centre of each disk) were seen. It can be 
concluded that compacted waste of several types (plastic, paper, mixed 
and vermiculite) all have significant potential for swelling-on-wetting. 
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3) Wet Specimens Stored Sealed 
The object of this test was to investigate the effects of water 

saturation on the compacted discs. Specimens used contained vermiculite, 
paper, paper and plastic, and mixed soft and hard material. To ensure 
saturation took place within a reasonable period of time, a series of 
holes was drilled to pierce the unpunctured ends of the drums. The 
compacted drums were then vacuum saturated. 

Figs. 1 and 2 show schematically the vacuum storage rig, and the 
permanent storage tanks (four in number, one for each compact disc). 

The storage tanks were designed to catch any gas produced, and to 
measure any volume of water expelled from the specimen. As all rigs were 
stored in a temperature-controlled lab it is possible to dismiss 
temperature changes as a cause of fluid expulsion. 

In all four specimens, water was expelled into the gas bag. This 
was removed incrementally once every four days. In summary: 

i. Vermiculite steadily expelled 600ml over 10 days and then 
stopped. 

ii. Paper and paper-and-plastic steadily expelled of the order 
of 1 litre over a two month period. 

iii. Mixed soft-and-hard expelled nearly 2 litres over 3 weeks 
and then stopped. 

Significant gas (of the order of 0.5 litres) was generated by W18 
(mixed soft and hard). This has been analysed; the predominant component 
is hydrogen. 

4) Stress Development Under Dry Conditions (B6) 
The objective of this part of the programme was to enable a 

prediction to be made of the stress developed when a freshly-compacted 
waste drum is placed in an environment in which it is not free to expand, 
eg. grouted into a concrete box. Ideally the compacted waste (at various 
ages after compaction), would be placed between fixed platens, and the 
specimen expansion would then induce stresses. The shipping of suitable 
rigs to Hamburg, was not however possible under this contract, and to 
provide suitable data, additional work to that originally envisaged was 
undertaken. 

The stress rig of Figs. 3 and 4 was used. It can apply up to 50 
tonnes to a disc either by the nuts on the threaded bars, or by the flat 
jack. A variety of load regimes have been used, including the 
measurement of stress-strain curves, stress relaxation tests and stress 
development tests. The latter are novel and are described in more detail 
below. 

Stress-strain tests indicate that stiffnesses are of the order of 
10 MPa (for 3 MPa applied load). Stress relaxation takes an applied load 
down to between half and two thirds of its original value over about a 
week. Little relaxation occurs after this time. 
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The development of restrained stresses was measured by 
conditioning specimens at high loads for several days (thus allowing most 
of the potential creep to occur), releasing them, and trapping any 
subsequent expansion between fixed platens. The loads developed were 
typically of the order of 0.03 to 0.3 MPa, depending on the actual waste 
form. 

5) Stress Development - Wet Conditions (B6) 
For this work, specimens were allowed to become wet whilst 

restrained between fixed platens. The stresses developed are important 
to repository designers. 

Tests on three waste types have been undertaken and the results 
are . currently being evaluated as the final report is prepared. 
Preliminary conclusions are as follows:-

i. Stresses and expansions occur predominantly as the waste 
becomes wet (the original scheme of vacuum saturating specimens 
prior to wetting had to be modified as expansion was taking place 
too rapidly). A time delayed component of expansion does however 
exist. 

ii. Maximum stresses developed were of the order of 0.5 to 1 
MPa. These are transient and would be reduced in practice due to 
creep. 
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FIRE EXPOSURE TESTING OF ENCAPSULATED SIMULANT RADIOACTIVE 
WASTES 
Contractor: UKAEA - AEE Winfrith, UK 
Contract No: Fl 1W 0198 
Duration of Contract: July 1988 - December 1989 
Period Covered: January 1989 - December 1989 
Project Leaders: D J Holman, C J Griffiths, D A Wells 
A. OBJECTIVES AND SCOPE 

In order to establish criteria for the safe storage, 
transport and disposal of intermediate level wastes a knowledge 
of the response of waste packages to fire accident conditions 
is required. 

IAEA Regulations exist for transport and a transport 
flask or overpack is provided to protect the package from the 
damaging effects of fire. There are, however, no such 
regulations in the UK or elsewhere in the CEC that deal 
specifically with situations such as may occur at a repository 
where unprotected waste packages could be exposed directly to 
fires. 

This programme will provide data on the behaviour of 
typical waste packages in such fire accidents using full scale 
non-radioactive simulated packaged wasteforms. Information on 
the behaviour of a range of waste types will be provided. 

The initial objective is to identify the test conditions 
for packages, which will allow interpolation of results rather 
than extrapolation, for fires in which drums of waste are 
directly exposed to a hydrocarbon pool fire, and those in which 
packages are in their transport overpacks leading to 
significantly lower heat fluxes. These conditions provide the 
experimental parameters for the execution of thermal tests to 
measure the performance of full scale packages. 

A theoretical model already exists in rough form which 
predicts waste form temperature profiles and steam release 
rates from immobilised waste. The results from this programme 
of work will enable the modellers at Harwell to develop and 
validate this model and consequently predict both the gaseous 
and particulate transport and release mechanisms from the waste 
matrix which may be encountered in fire accident conditions. 

This programme is being conducted in parallel and close 
liaison with small scale fully active studies at AERE Harwell 
under contract number FI 1W 0176. 
B. WORK PROGRAMME 

The packages tested are stainless steel drums of nominal 
0.5 m3 volume containing simulated immobilised waste. The 
drums have been fully instrumented with thermocouples and are 
vented, in a controlled manner, in order to study any released 
material. The wastes selected for study are: 
- Shredded Combustible PCM in PFA/OPC (RMA 11.1). 
- Oxide Fuel Element Hulls in BFS/OPC (RMA 6). 
- Metal Hydroxide Sludge in BFS/OPC (RMA 8). 
- Organic/Inorganic Ion Exchange Resin in Vinyl Esters (RMA 

4). 
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The cement based products are allowed to cure, under 
ambient conditions, for at least 90 days, in order to achieve 
optimum product stability. The vinyl ester based products 
require no extended curing period. 

The test programme can be split into two distinct 
categories:-
(a) Furnace Test - representing a Transport fire. In 

transport, drums are placed within an overpack that 
performs the function of a thermal barrier protecting 
the drums during a fire. These tests are performed at 
300°C, the temperature calculated by the modellers to be 
the maximum average a drum would be subjected to, in an 
overpack, under transport fire accident conditions. The 
duration of the test is that time taken to raise the 
outer 10% of the specimen radius (ie 40 mm) to a 
temperature exceeding 100°C. 

. (b) Pool Fire Test - simulating the fire conditions which 
bare drums could be subjected to in storage. The 
specimens are mounted over a continuous feed pool of 
petrol. The duration of each fire test is a minimum of 
2 hours at an average flame temperature of 800-1000°C. 
One specimen of each of the packaged wastes was 

subjected to a pool fire test and one to heating in an electric 
furnace. Measurements were made during these tests in order to 
identify the activity release mechanisms, the activity release 
fraction and the consequence for subsequent package disposal. 
C. PROGRAMME OF WORK AND OBTAINED RESULTS 

A range of instrumentation designs were developed in 
order to accommodate the variation of waste types. For each 
specimen thermocouples were attached to the inner and outer 
surfaces of the drum after which the thermocouple space frame 
was fitted in the drum. The drums were then filled with waste 
and cement (or vinyl ester) and allowed to cure for the 
appropriate period. 

During thermal tests on-line measurements of gaseous and 
particulate release from the specimen under test was required. 
An analysis circuit was designed and constructed in order to 
make these measurements. This was commissioned using the 
Furnace Test Facility and drums filled with water heated at 
300°C. 

The thermal tests were performed in two campaigns, the 
Pool Fire Tests following the Furnace Tests. Each test is 
summarised below. 

FURNACE TESTS 
Magnesium Hydroxide Sludge in BFS/OPC - Duration of test 

25 hours. Condensate - clear and colourless with progressively 
greater sulphurous odour. No liquid collected in cold trap. 
N i t r o g e n o n l y on g a s C h r o m a t o g r a p h . No 
discolouration/damage/blinding of filter cartridges. Specimen 
undamaged. 

Oxide Fuel Element Hulls in BFS/OPC - Duration of test 9 
hours. Condensate - clear and colourless with progressively 
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greater ammoniacal odour. No liquid collected in cold trap. 
Nitrogen only on gas Chromatograph. No discolouration/damage 
blinding of filter cartridges. Specimen undamaged. 

Shredded Combustible PCM in PFA/OPC - Duration of test 
12.5 hours. Condensate - initially clear/pale yellow, 
becoming opaque and white in colour with oily droplets on the 
surface and a strong odour, similar to PVC. No liquid 
collected in cold trap. Nitrogen only on gas Chromatograph. No 
damage, but, a small amount of discolouration and some blinding 
(ie pressure increase) of filter cartridges. Specimen 
undamaged. 

Organic/Inorganic Exchange Resin in Vinyl Ester -
Duration of test 13 hours. Condensate - initially clear and 
colourless with thin, brown oily layer on surface becoming 
opaque and white in colour, all with a strong odour, similar to 
styrene. Small amount of yellow liquid (< 5 ml) in cold trap. 
Nitrogen only on gas Chromatograph. Apart from small black 
patches no discolouration/damage/blinding of filter cartridges. 
Specimen undamaged. 

POOL FIRE TESTS 
Magnesium Hydroxide Sludge in BFS/OPC 

Condensate - clear and white/pale yellow in colour accompanied 
by a white gas with a progressively greater sulphurous odour 
(samples taken). Some fine black particles in condensate. No 
liquid in cold trap. Nitrogen only on gas Chromatograph. 
Apart from small grey patches no discolouration/damage/blinding 
of filter cartridges. Specimen undamaged. 

Oxide Fuel Element Hulls in BFS/OPC - Condensate - clear 
and colourless or pale yellow with a sulphurous odour. Some 
fine black particles in condensate. No liquid in cold trap. 
Nitrogen only on gas Chromatograph (off gas samples taken for 
further analysis). Apart from small grey/black patches no 
discolouration/damage/blinding of filter cartridges. Specimen 
undamaged. 

Shredded Combustible PCM in PFA/OPC - Condensate -
initially slightly opaque with a white/pale green colour 
becoming more opaque and brown in colour with a progressively 
greater odour similar to PVC. Some black particles in 
condensate. White off-gas throughout test - pH - 1. Small 
amount of liquid (< 5 ml) in cold trap. Nitrogen only on gas 
Chromatograph. Small amount of discolouration, but no 
damage/blinding of filter cartridges. During the first 
filtration bypass a small leak occurred in the specimen at the 
thermocouple loom outlet - no other specimen damage. 

Organic/Inorganic Exchange Resin in Vinyl Ester -
Condensate - all samples were a mixture of an aqueous emulsion 
and a less-dense black tar like liquid with a strong organic 
odour. High flowrate of material released from specimen 
required some venting to atmosphere to maintain the back 
pressure across the analysis circuit within the capacity of the 
lute (- 0.2 Bar). Cold trap and gas Chromatograph not used in 
this test. Filter cartridge covered in viscous black tar like 
liquid. Large quantities of wet (fine brown droplets) off gas 
(ph - 7). No specimen damage. 
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