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SUMMARY 

The present report sets out a tentative research programme relating to 

geological disposal of radioactive waste, set against the background of 

present knowledge in this field. The report has been compiled by the 

Onshore Disposal Study Committee at the request of the Integrated 

National Research Programme - Nuclear Waste (ILONA) Policy Committee. 

(For the composition of the former Committee see Appendix IV.) 

In accordance with its terms of reference, the proposed programme 

identifies "(matters) requiring further study on the basis of which a 

possible decision can be taken on geological disposal in the 

Netherlands". 

In the technological-scientific sense, this research programme, which is 

designed to provide the basis for any decision that may be taken, 

centres on the following crucial decisions: choice of host rock, choice 

of disposal concept and type of formation, and choice of site to be 

explored. After completion of this exploration, which will take place 

both from the surface and underground, sufficient data should have 

become available to assess the suitability of the site with a view to 

the disposal of (high-level) radioactive waste. 

The Committee considers that national and international research 

programmes already completed provide sufficient knowledge and insight to 

arrive at a justified choice of host rock. Indeed, the Committee feels 

that such a choice is desirable in order to assist the progress and 

efficiency of the research that is still te be performed. With a view to 

the other options and the above-mentioned ultimate assessment of a site 

explored, the programme of outstanding research has been divided into 

three stages: 

1. Inventory and comparison of potential disposal concepts and sites. 

2. Preliminary field research near selected sites. 

3. Above-ground and underground exploration of a chosen site. 

Each of the first two stages leads to a choice in principle from among 

the options investigated in that stage. The following stage is in 

principle confined to further study of those selected options. 
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If this further study should reveal that insuperable probleas are 

associated with the options investigated, other options will have to be 

subjected to further study. These choices will therefore becoae 

definitive only if they are confirmed at the further-study stage; they 

have the status of choices in principle. The final stage leads to a 

definitive appraisal of the suitability of the site explored in that 

stage for disposal of (high-level) radioactive waste. The correlation 

between the present state of affairs (Stage 0) and the subsequent stages 

of the research effort is broadly outlined in the critical path diagram 

shown at the end of this summary. The Commission feels that this 

procedure will lead with the minimum of effort towards an effective and 

technically sound disposal concept, without jeopardizing the necessary 

broad orientation in the process. 

Bearing in mind the main objective of geological disposal - which is to 

isolate the waste as long as its dissemination in the biosphere 

continues to yield unacceptable risks - radiological safety must be the 

central factor in making the above-mentioned choices in principle, ihere 

are of course other factors which play a role, such as technical 

feasibility, planning integration, and economic aspects. Radiological 

long-term safety is assessed by means of safety studies. These show what 

the probable impact in terms of radiation hygiene will be on wan and his 

biosphere given the waste disposal considered. Prior research has shown 

that the radiological consequences for man form the decisive factor in 

that respect. It will be clear that in principle those disposal options 

will be preferred which these studies show to have the smallest 

consequences. The ultimate test of disposal plans should be made against 

a radiological criterion. At the general study stage, that criterion can 

be derived from foreign or international standards. As the studies 

become more specific in terms of design and site, there will be a 

growing need for a radiological criterion formulated and accepted for 

the Netherlands. The Committee therefore considers it to be important 

that such a criterion should be formulated and accepted in Stage 1. 

Furthermore, the safety analysis of a specific design and site will also 

include an evaluation of operational safety. 
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This approach is not compatible vith formal requirements or criteria 

with regared to components or details of the overall disposal concept, 

AS formerly presented in the 1979 report of the Interdepartmental 

Committee on Nuclear Energy (50). Clearly, what standard would have to 

be met by the individual components is not an essential factor as long 

as the overall disposal concept satisfies the radiological criterion. 

Reference is made to Chapter 2 and Section 5.6.3 for a more detailed 

review of this issue, which also deals with the method whereby the 

above-mentiontd choices in principle are defined by means of a 

preferential procedure. 

The safety study not only provides information on the radiation doses to 

which members of the population may be exposed as a result of the waste 

disposal concept considered but also on those factors which have a 

substantial effect on ultimate safety. This information serves towards 

further refinement of the disposal concepts. The stage structure of 

course also applies to the safety study; as the stages progress this 

study will develop from being general in nature towards being 

specifically directed at a given design and site. The safety combines 

information originating from a broad range of specialisms. In this 

connection the Committee distinguishes the following specialisms as 

being relevant to geological disposal: 

1. Safety studies 

2. Natural barriers 

2.1 Rheology 

2.2 Hydrology 

2.3 Geochemical aspects of radionuclide transport in the 

subsurface 

2.4 Biosphere models 

2.5 Radiation damage 

3. Engineering 

3.1 Mining engineering 

3.2 Artificial barriers 

4. Geology 

4.1 Geological surveying methods 

4.2 Geological field data. 



- 6 -

A great deal of research has already been carried out in these fields 

both at the international level (European Community and Nuclear Energy 

Agency) and at the national level (ILONA, see Proceedings of the Lower 

House 1981, 15.100, no. 45). The present report indicates the state of 

the art in each specialism for each stage under consideration, and also 

the research still to be performed. A summary of the state of the art 

and further research required is given in Chapter 6. 

The following pages set out the state of the art and the proposed 

research programme, including an estimate of the time and expenditure 

required. The time schedule mentioned here, which is explained in detail 

in Chapter 7, has been compiled on the basis of technical considerations 

relating to the quality and continuity of the research programme in 

addition to coordination with international programmes. This time 

schedule does not provide for any additional time that might be required 

if the relevant administrative and political decision-taking process 

cannot be fitted into the schedule. If such factors were to lead to 

substantial anomalies in the time schedule, this research programme 

would have to be critically examined for its integrability in the 

resultant new situation. The cost estimates given are based on 1984 

prices and expressed in 1984 guilders. 

Stage 0 comprises a general comparison of potential host rocks, and a 

choice in principle from amongst them. For the Netherlands the main 

options are rock salt and clay. Metamorphic rock should also be 

mentioned for the sake of completeness. For the reasons stated in 

section 4.2, however, this rock offers too few prospects for further 

consideration. Dutch research into the geological disposal of 

radioactive waste has focussed principally on salt as potential host 

rock. Belgium is conducting a comprehensive research programme aimed at 

clay as host rock. Although not all the Stage 0 studies have yet been 

completed, nevertheless the Committee concludes, on the basis of the 

available technical and geological information, that it is now feasible 

to make a choice in favour of rock salt as a host rock. The Committee 

also considers this choice to be desirable now with a view to ensuring 

the effectiveness and progress of the further research effort. This 

conclusion is based mainly on the following considerations: 
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The general and specific safety studies performed so far with 

regard to disposal in salt and in clay warrant the conclusion that 

in both rocks safe disposal is possible in principle The results 

of the Dutch studies and investigations relating to disposal in 

salt appear to justify the expectation that safe disposal will also 

be possible in Dutch salt. In view of the conclusions drawn from 

Belgium safety studies on disposal in the "Boom" clay formation, 

which extends into the Netherlands, it may be exptected that the 

same conclusions will apply to the Dutch part of that formation. 

In view of the experience accumulated in salt mining, which is also 

relevant to disposal mining, no insuperable problems are 

anticipated regarding the engineering feasibility of disposal in 

salt. The engineering design of a repository in clay requires 

further elaboration, and Belgian development work is directed at 

this. 

In Stage 1 a comparison is made of the techniques applicable in the host 

rock chosen in relation to the formation types of that rock occurring in 

the Netherlands or below the Dutch sector of Continental Shelf. If these 

further studies and research show that there are compelling technical 

reasons to choose a different host rock, Stage 1 will have to be 

repeated, for a different host rock. Stage 1 leads to a choice of one of 

the potential combinations of a technique and a type of formation. The 

proposal for Stage 1 envisages rock salt as the host rock. It consideres 

three types of formation: salt domes and salt pillows, and bedded 

salt . The disposal techniques considered are conventional mines, 

boreholes drilled from the surface, and various types of caverns. 

Table 4.2 gives a review of potential disposal techniques in salt which 

should at any rate be included in the research during this stage. The 

proposed research programme includes among other things: 

Further development of preliminary designs for the various 

combinations of disposal technique and formation type. 

Hydrologie transport and subrosion calculations. 

Preliminary calculations to examine the effect of heterogeneity on 

the rheology of salt. 

*) The term "bedded salt" is used in this report to refer to salt 
deposits within which the original stratification has not been 
disturbed by salt migration. 
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Preliminary study of the internal mappability of salt structures 

using existing techniques. 

General geological evaluation of the Butch salt deposits on the 

basis of existing data. This evaluation would include the design of 

three-dimensional models of the deep subsurface of the 

North-Eastern Netherlands (including the salt lithology) and the 

intermediate subsurface near a number of potentially suitable salt 

structures, reconstruction of the history of the salt structures 

and forecasting their stability. 

Comparative safety study for a number of disposal concepts in salt. 

Comparison of these disposal concepts in terms of technical 

feasibility, cost, etc.. 

The ultimate choice of further-study concepts and sites may of course 

involve other aspects as well, for exairple physical planning. 

Apart from the work on salt, in Stage 1 a radiological criterion should 

also be formulated and accepted. 

In the Commission's opinion there are no technical or scientific 

impediments to beginning in the Stage 1 research programme in mid 19S4. 

The time required for its completion is estimated at two years. By that 

time it is expected that there will be sufficient technical information 

available to allow a choice of technique and type of formation to be 

made. The approximate cost of this programme is estimated at 

fl. 17 million. 

Stage 2 immediately follows the first stage, comprising a largely 

geological and geohydrological comparison of a number of sites, selected 

for further study partly on the basis of information obtained in 

Stage I, and a further development of the preliminary design with a 

concomitant safety study. It is proposed that this preliminary survey 

should be conducted at two sites, using three-dimensional seismic 

exploration in combination with between 5 and 10 medium-deep boreholes 

(to a maximum of 500 m), stopping short of the salt. On the one hand 

these borings will provide support for the seismic exploration, while on 

the other hand they will supply the hydrologie data required for 
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verification of the hydrologie models and for the hydrologie subrosion 

and transport calculations. On the basis of the resultant data on the 

rocks above and around the two salt structures and the movement of the 

groundwater in these rocks, it will the be possible to decide on the 

location f .: the definitive surface and underground exploratory study of 

Stage 3. 

Assuming that the time schedule set for Stage 1 is met, it will be 

possible for the preliminary survey to begin in 1986. This survey and 

the concomitant studies will require an estimated two years or so. Upon 

completion, sufficient technical data is expected to be available for a 

decision to be made as to the site of the definitive surface and 

subsurface survey. The cost of this investigation in Stage 2 is 

estimated at around fl. 20 million. 

Stage 3 will consist of the definitive surface and subsurface survey of 

the site chosen. The nature and scale of this survey will be very 

largely dependent on the type of formation concerned. Nevertheless, the 

survey will certainly comprise the following elements: 

Geohydrological borings into the rocks overlying and, if relevant, 

around the disposal formation considered (but not into the salt). 

Approximately one hundred of these borings are expected to be 

necessary. 

Seismic surveying to establish the geometry of the salt sutructure. 

Borings drilled marginally into the salt structure in order to 

establish its flanks. 

Exploratory borings into the salt, preferably at the planned shaft 

sites. 

With regard to the exploratory borings into the caprock and marginally 

into the underlying salt - borings which can only be relevant if a salt 

dome is being explored - it may be noted that the number of borings 

needed will depend on the data that are already available when the 

exploratory drilling programme begins. In addition, the desire not to 

adversely effect the isolation capability of the salt structure as a 

direct result of the investigation may tend to limit as far as possible 

the number of borings of this type drilled. The same factor is also 
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involved in keeping to a minimum the number of borings, and especially 

the manner in which they are drilled, around a dome and marginally into 

the salt, in order to determine the geometry of the structure. 

The data produced by the abovementioDed investigation and the subsequent 

surface and subsurface exploration (see section 5.5) will be evaluated 

in a definitive safety study, designed to form the technical basis for a 

decision on actual disposal. 

At this juncture, any estimate of the cost and time requirements for 

Stage " would be premature, among other things in view of the large 

measure of uncertainty as to the type of formation and site in question. 

However, the expectation appears to be justified that it will be 

possible to complete this investigation within a period of approximately 

ten years. 

It has already been mentioned that the estimates given for the various 

stages of the investigation do not allow for any additional time 

requirements in the form of physical planning factors, administrative 

decision taking, permit procedures, and so on. Although in particular 

the time indicated for Stage 3 appears to be rather long, the Committee 

considers it important that these aspects should receive the necessary 

attention at the earliest possible date and that the policy-making 

authorities responsible will take the appropriate initiatives. 

The programme outlined above is dominated by geological and 

geobydrological exploration, as was the programme proposed by the ICK in 

1979 (50). The two programmes, however, show clear differences in a 

number of respects as a result of amended boundary conditions and 

insights. For example, the present programme includes a comparative 

study of a number of potential disposal techniques (Stage 1), which is 

now regarded as being worthwhile inter alia because it is not certain 

that the volume of waste considered by the ICK will indeed have to be 

disposed of. Furthermore, the programme proposed here is based very 

largely on an integrated approach to and assesment of the disposal 

concept. 



- 11 -

In line with the greather knowledge acquired in recent years, one of the 

results of this has been to place relatively greater emphasis on 

geohydrological research. Finally the procedure for selecting sites for 

further study has been worked out in more detail since 1979. The 

drilling of exploratory borings into the salt is now planned for a later 

stage, in order to limit the number of these borings in view of the 

desire to preserve the salt structure as intact as possible in case it 

is chosen as a host formation, and in order to keep down costs. This 

strategy, however, calls for prior knowledge which is yielded by the 

research preceding the borings into the salt. 

The following concluding remarks are made on the matter of the time 

schedule (see also Chapter 7). The Committee feels that continuity of 

the research - that is to say co-ordination with current research in the 

Netherlands, keeping step with international developments in this 

sphere, and continuing to comply with joint research efforts with the 

Federal Republic of Germany - is a predominant factor determining the 

quality of the Dutch effort. Having regard to the exceptional importance 

of the quality of this research, the abovementioned co-ordination with 

current national and international research must not be placed in 

jeopardy. This means that the proposed time schedule, especially as 

regards the starting date, may not be unduly deferred to the future. 

Moreover, the geological and geobydrological research which is the very 

first link in the chain of research, is often, complex and may lead to 

loss of time, and it therefore represents a vital element in the 

critical time path. For these reasons as well, loss of time at the 

beginning may lead to loss of quality in the future. 
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Chapter 1. Introduction 

On 8th July 1983 the ILONA Policy Committee for the Integrated National 

Research Programme on Nuclear Waste requested the Onshore Disposal 

Committee (for composition refer to Appendix 4) to submit before 1st 

January 1984 a detailed proposal for a multiannual research programme 

aimed at the possible geological disposal of radioactive waste in the 

Netherlands. By geological disposal is understood isolating the 

radioactive waste from the biosphere in general and from man in 

particular, at some deep subsurface point for as long as that waste 

continues to entail unacceptable risks. This refers both to high-level 

radioactive waste and also to low- and medium-level waste. The 

Committee's attention is focussed in particular on high-level 

radioactive waste, including nuclear fission waste, in view of the fact 

that methods for disposal of low and medium-level radioactive waste have 

been developed at various locations abroad which appear to be 

potentially useful for the Netherlands as well. 

According to ILONA's brief, the research programme should "identify 

those aspects requiring further research to allow a possible decision to 

be taken on the realisation of geological disposal in the Netherlands. 

Geological disposal may relate to all suitable geological formations 

occurring in the Netherlands. The programme should as far as possible 

also indicate a time path, if necessary providing fur phased performance 

of the programme, and it should also state the estimated cost. It would 

also be useful to receive indications concerning co-ordination with 

international programmes and possible joint ventures with other 

countries". 

The development of the abovementioned proposal coincides with the 

completion of the Public Debate on Energy Policy, in order to comply 

with the spirit of the Lans ink motion, which was adopted by the Lower 

House on 25th February 1980 anl which meant that test drilling to salt 

domes, a significant part of the research, was deferred until after the 

Public Debate on Energy Policy. 

In the decade preceding that debate, the problem of disposing of 

radioactive waste came increasingly to be regarded as the crux of the 

debate on nuclear energy. In the early 1970s, the first scientific idea 
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was formulated on the disposal of radioactive vaste in salt formations. 

That idea was further developed and appraised by the government, and the 

findings were published in the ICK-RAS (Interdepartmental Commission on 

Nuclear Energy (ICK) - Subcommittee on Radioactive Waste Products) 

Reports 1975 (36) and 1977 (37). A summary of the research carried out 

was presented in the ICK Report of 1979 (50). 

Based on the latter report and the INFCE (International Fuel Cycle 

Evaluation) Report of 1980 (38) the Van Agt government then in office 

gave as its opinion that "the method of disposal of radioactive waste in 

deep, stable geological formations exists in principle without 

unacceptable risks for man and his biosphere". (See also the Energy 

Memorandum 1980, part III (49)). The government of that time considered 

that this statement in principle should be put to the test as soon as 

possible by means of field research in the norht-eastern part of the 

Netherlands and other areas. Also, the results of that field research 

would have to be available before the Public Debate on Energy Policy 

began. 

However, in the second half of the 1970s broad-based opposition had 

arisen against the use of nuclear energy in general and the disposal of 

radioactive waste on Dutch territory in particular. This opposition was 

further increased when it became known, in mid 1976, that the government 

was • considering the exploration of five salt domes with a view to their 

suitability for the disposal of radioactive waste. Municipal and 

provincial authorities in the north-east of the country also adopted a 

negative stance vis-a-vis such exploratory drilling. The upshot was that 

the drilling of exploratory borings, an important part of field research 

into salt domes, had to be provisionally scrapped. In 1980 the Lans ink 

motion, which was mentioned above, was adopted by the Dutch Parliament. 

The public debate on energy policy which began in 1981 was intended to 

record and assay all expressions of public opinion related to the future 

national energy policy. At the same time, it could be regarded as a mass 

reconsideration . of the overall energy problematique. In tis Final 

Report, the Steering Group for the Public Debate on Energy Policy found, 

with regard to the disposal of radioactive waste, that wide doubts 

existed about the criteria (as summerized in the 1CK 1979 report) for 

the selection of salt domes. It also found that so far there had been 
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insufficient public information on the choice and the application of 

those criteria, in addition to serious reservations concerning 

exploratory borings in the northern provinces. Although not a single 

country has yet introduced definitive solutions for the disposal of 

high-level radioactive waste, the Steering Group stated that 'in circles 

of experts and official authorities such as the IAEA, OECD and EEC, 

confidence is growing t.sat the problem of radioactive waste can and will 

be resolved safely and at reasonatle cost within one to two decades". 

In conclusion, in its Final Report the Steering Group recommends that 

vigorous efforts should be made with a view to solving the problem of 

disposal of radioactive wast, an issue that is relevant for the purpose 

of implementing any standpoint whatever. 

In the present report, the Committee has developed on a technical and 

scientific basis, its brief with regard to the possible decision-taking 

process on implementation of geological disposal of radioactive waste. 

The report deals consecutively with: starting points, possibilities in 

the Netherlands, the status of research already completed, and important 

areas of research still to be performed together with a rough estimate 

of expenditure and time required. 

The assay of radiological safety occupies a key position among the 

general principles which the Committee applies to the performance of the 

research programme. The ultimate test, both of general disposal plans 

and plans devised for any single combination of site and concept, will 

have to be done with reference to a radiological criterion which, 

however, has not as yet been formulated and accepted for the 

Netherlands. This criterion will apply to the total geological disposal 

system, which is constructed of selected, natural and artificial 

barriers (multi-barrier system). From the viewpoint of long-term safety, 

it is not effective to draw up formal criteria for all the individual 

barriers, becuase the barrier system will be assessed as a whole against 

the radiological criterion. On the other hand, it is desirable that 

target values for the principal components should be derived froms 

previous research, for the purpose of draft studies. The test against 

the ultimate radiological criterion will be performed by means of a 

safety study, which consequently runs like a thread throughout the 

entire research programme. This study will also provide an understanding 
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of the most relevant factors affecting the ultimate safety. la the 

safety study focussing on a given design and location, consideration is 

also given to operational safety. 

The Committee has assumed that the quantity, type and packaging of 

certain categories of radioactive waste will be determined by the 

existing contracts for the reprocessing of spent fuel. The proposed 

research programme, however, nevertheless allows for possible changes in 

the quantity of waste due to an increase in the number of nuclear power 

stations. With regard to the possible retrievability of waste once 

stored, the Committee opted for optimum safety of disposal which 

implies in the host rocks relevant to the Netherlands, that the 

installation of facilities designed to allow subsequent retrieval after 

closure of the repository can scarcely be regared as a realistic 

posibility. 

The research still required on which to base a possible decision of 

whether to go ahead with a disposal system is considered by the 

Committee to be charcterised by three policy decisions: choice of host 

rock, choice of technique and type of formation, and choice of site for 

further study. Ultimate assessment of the site to establish its 

suitability for the disposal of radioactive waste will be made on the 

basis of the data obtained in the course of the further (surface and 

subsurface) exploration. 

The Committee believes that it is now possible to make a justified 

choice of host rock, a choice which indeed should be made now in order 

to expedite the progress and assure the efficiency of the further 

research. This means that the programme of research outstanding can be 

divided in three stages. Each of the first two stages leads to a choice 

from among the options examined in each stage (choice of technique and 

type of formation, and choice of site for further study, respectively). 

In each subsequent itage, those selected options are then investigated. 

The final stage leads to an assessment of the suitability for 

constructing a repository at the site investigated. 

This converging process guarantees that a technically sound and 

effective disposal technique will be achieved with a minimum of research 

effort, yet against a broadly oriented background. For an overall 
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evaluation, it will be necessary for this selection process to be 

broadened to include other, non-technical-scientific factors such as 

legal and physical planning aspects. The above-mentioned three-stage 

structure also applies to the overal safety study; in that way the work 

of safety analysis wil evolve from a general study towards a study of 

specific design for ultimate application at a single site. 

The structure of the proposed research programma is diagrammatically 

represented in the chart given immediately after the summary. 

The set-up of the report reflects the diagrammatically shown choice of 

structure, set in a broad technical-scientific base. With regard to this 

chart, it is noted that the research to be carried out in stage 3 will 

have to endeavour to reconcile the wish on the one hand to undertake the 

fullest possible survey and, on the other hand, the desire to maintain 

the isolation capability of the host rock as intact as possible. 

In order to ensure maximum transparency of the diverse 

technical-scientific sectors which play a part in the research 

programme, it was decided that the programme should consider separately 

each individual sector involved (rheology, hydrology, geology, etc.)-

The Committee concludes its report with a catalogue of "blank spots" in 

the field of research, thereby completing the overall picture of 

research, at the same time presenting a tentative estimate of time and 

cost requirements, subject to a diminishing degree of certainty for 

increasing specificity of the research in terms of disposal technique 

and site. 
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Chapter 2. Starting-points 

The main objective of deep subsurface disposal of radioactive waste is 

to isolate that vaste front mankind and his biosphere for as long as that 

waste continues to present unacceptable risks upon dispersal in the 

biosphere. These risks are largely of a radiological nature. In view of 

the fact that the activity of the waste diminishes with time as a result 

of radioactive decay, in principle the time of isolation required is 

finite. Just bow long the waste must be isolated from the biosphere 

depends principally on the initial total and specific activity and 

composition of th» waste (factors which determine the course of 

radioactivity in the years after its initial disposal), the way in which 

the isolation might be lost in the long term, the possible radiological 

effects of such a loss, and the maximum risk level considered 

acceptable. 

Bearing in mind this main objective, it is essential to make sure that 

such disposal will not entail any unacceptable risks before deciding to 

undertake a disposal programme. The overall principle of disposal will 

therefore have to satisfy a perdeterained radiological criterion. This 

might mean that the annual radiation doses -o which members of the 

population might be exposed as a result of that disposal must not exceed 

an upper limit. Such a criterion has not yet been formulated and 

accepted for the Netherlands. With a view of assessing possible disposal 

plans, it is of course necessary that such a criterion should be 

available, preferably at an early stage. The recommendations on 

radiation hygiene made by the International Commission on Radiological 

Protection (ICRP) could provide a good point of departure for the 

purpose (41). Partly on the basis of those recommendations, the IAEA has 

made the following recommendations on the disposal of radioactive waste 

(«0). 

1. All doses should be kept as low as reasonably possible. 

2. Limitation of dose-equivalents for members of population. The IAEA 

explicitly mentions -he following possibilities. 

to relate the dose limit to regional differences in background 

radiation; 

to relate the dose limit to the radiation level near a uranium 

ore deposit of a size needed to produce the nuclear fuel from 

which the waste originates; 
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comparison of the radiation risk concerned against other 

risks; 

the general ICRP dose limits for members of population (41). 

The OPLA Committee does not consider the formulation of such a criterion 

as a part of its tasks, but it assumes that the policy-making bodies 

responsible will make the appropriate initiatives. (See also Chapter 5, 

paragraph 5-6.2). Where necessary, the Committee •ill take the 

recommendations of the IAEA as starting-points. 

It is a priori impossible to prove experimentally the effectiveness of 

long-term isolation, as required for example in the case of nuclear 

fission waste, both on account of the extended time span and on account 

of the unique character of each repository (consisting as it does of 

natural rock). It is nevertheless possible to predict the long-term 

behaviour of a geological respository with adequate certainty with the 

aid of model calculations and careful evaluation of the behaviour of the 

relevant natural and artificial barriers. Such a safety analysis will 

disclose whether a proposed disposal facility satisfies the 

predetermined criterion. The crucial elements of the safety studies are 

comprehensively discussed in Chapter 5, paragraph 5.2. The following 

brief sketch of the role played by the safety criterion in the research 

and design stage may be useful at this point. 

It was stated above that any repository must satisfy the radiological 

criterion; this criterion applies to the overall system of selected, 

natural and artificial barriers. The period of isolation required can be 

obtained in various ways; clearly, the relative weighting of each 

individual barrier is not important as long as the overall system 

satisfies the radiological criterion. For that reason, this approach is 

not compatible with the imposition of any formal standards on components 

or details of the overall disposal concept, as formerly represented in 

the ICK report of 1979 (50). The approach now proposed envisages 

optimization of the overall disposal concept, which forms a single, 

consistent whole. By applying sub-criteria to parts of the whole, no 

certainty can be found that the whole will function optimally if all the 

sub-criteria are met. On the other hand, potentially sound solutions 

meeting the integrated criterion might be disregarded if they failed to 

satifsy any of the sub-criteria, without necessarily having an adverse 
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effect on proper overall functioning. Besides a repository design made 

specifically for the given conditions, the above-mentioned integrated 

test requires the availability of good computation models. One of the 

factors why the overall criterion is strongly to be preferred is the 

further refinement which these models have undergone in recent years. 

It is nevertheless important, during the design and development work, to 

establish target values, or intermediate criteria as it were, for the 

crucial components. These values can be established step by step as an 

interactive process between theoretical and fundamental research. These 

values serve as the guideline for the preliminary design and the 

associated research. Similar preferential considerations or target 

values may also play an important structuring and objectivizing role in 

the process of selecting a site. This aspect is considered in Chapter 5, 

paragraph 5.6.3, and also in Appendix 3. 

Before initiating safety studies and the development of repository 

designs, it is first necessary to make a selection from amongst the 

potentially suitable host rocks. Although a great deal of research and 

study has already been carried out during- the past decade, with regard 

to a possible disposal system in the Netherlands, specifically directed 

at salt as host rock, the Committee nevertheless feels it would be 

useful to mention a number of general principles which apply to the 

selection of potentially suitable host recks: 

a. The host rock, possibly in combination with an overlying rock, must 

form an effective barrier between radioactive waste and the 

biosphere. 

b. The rock must possess sufficient structural stability. 

c. Broadly speaking, the host rock must be accessible for mining. 

d. Formations of sufficient magnitude must be present in the 

Netherlands or the Dutch sector of the Continental Shelf. 

In addition, the following non-limitative list may be given of 

favourable properties: 

Hydrological properties which minimize exposure of the waste to 

groundwater, in particular moving groundwater, for example due to 

poor permeability, absence of continuing fractures, small porosity. 

Geochemical properties which tend to retard or stop radionuclide 

migration, for example due to high sorption capacity. 
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Good thermal conductivity. 

Adequate strength and stability in relation to construction and 

operation of a disposal facility. 

The presence of a second natural barrier, for example in the form 

of an overlying rock with good sorption properties and/or low 

permeability. 

Chapter 3 examines the possibilities offered by the Dutch geological 

infrastructure *«hich satisfy the above-mentioned principles and possess 

favourable properties. 

When considering the research required on which to base any decision on 

the realization of a disposal facility, certain external boundary 

conditions must be imposed with regard to the quantity, composition and 

form of the waste. The Committee has assumed that the provisions of the 

current contracts for the reprocessing of spent fuel will be the 

determining factor for the quantity, nature and composition of the waste 

produced now and in future as a result of operating the present Dutch 

nuclear power stations. It also takes as an established fact the present 

and expected flow of low and medium-level waste from nuclear power 

stations, industry, hospitals, laboratories etc. (10,51) in addition to 

the decommissioning waste which will arise when the present nuclear 

power stations are dismantled at the end of their lifetime. The 

Committee has nevertheless allowed for the possibility of an increase in 

the quantity of waste resulting from an enlargement of the installed 

nuclear energy capacity. The research recommended in this report is 

therefore primarily concerned with this category of waste. Appendix 1 

contains some quantitative data on this matter. 

This does not mean, however, that the radiation level and thermal 

production of the high-level radioactive waste are established at the 

moment of disposal, because these parameters also depend on the duration 

of interim storage. Extended interim storage has technical advantages in 

terms of thermal and radiation load on the host rock. In conformity with 

the Government's recently published policy intention (51) the Committee 

has assumed that definitive disposal of nuclear fission waste will be 

preceded by an interim storage period of several decades. As a matter of 

fact this corresponds with the relevant assumption that was made in the 

preliminary draft on interim storage (9). 
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For the longer term, the Committee feels obliged to take possible 

changes in these external boundary conditions into consideration. With 

regard to the quantities of waste, it has allowed for a possible 

enlargement of the nuclear power generating capacity by a few additional 

plants. Furthermore, the Committee realizes that any new nuclear 

capacity might involve the following features: 

no reprocessing, disposal of spent fuel. 

separation and separate treatment of long-life and short-life 

isotopes. 

application of different techniques for the solidification of the 

liquid waste compared with the present process using borosilicate 

glass. 

Major factors affecting the design of a disposal facility and the 

relevant research requirements are the boundary conditions imposed with 

regard to the possibilities of retrieving waste already disposed of. 

This might imply, among other things, the wish to be able to retrieve 

waste once disposed of. The committee's principle on this matter, as 

apllied in the present report, will now be detailed and explained. 

Retrieval of radioactive waste might be indicated by the following 

situations: 

the waste might contain substances having economic value; 

after disposal of the waste, the isolation might be found to be 

substandard. 

In view of the extremely high costs involved, recovery of nuclear waste 

for economic reasons must be regarded as extremely unlikely until far in 

the future, not in the last place because the very nature of the nuclear 

waste matrix makes it very difficult to recover any useful substances. 

This applies all the more in the case of low- and medium-level waste, 

because of the low concentration of cinstituents with possible future 

value. It is a different matter, of course, with spent fuel. As already 

indicated in this Chapter, the Committee regards the existing 

reprocessing contracts as an estabilshed fact, and it has therefore 

assumed that the relevant waste from the present power stations will be 

delivered in the form of nuclear fission waste. 
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The second reason for subsequent retrieval lies in possible doubts as to 

the effectiveness of the disposal contemplated. In this connection it 

should be noted that any disposal which gives rise to well-founded 

doubts must not of course be realized. A further important matter is 

that, to allow ready retrieval in the future, special provisions would 

have to be made when constructing the facility and when emplacing the 

waste. These provisions, however, would mean leaving open a potential 

leakage route for water. This can best be illustrated by means of an 

example. When nuclear fission waste is emplaced in boreholes in salt, 

the salt, as a result of its viscoplastic behaviour, will completely 

enfold the canisters within a few weeks, thereby sealing a potential 

leakage route. In the case of a system providing for retrievability this 

seal would have to be prevented by means of a casing, so that a 

potential leakage route remains. Detailed safety research (44) has shown 

that in the improbable case of isolation being lost, the most probable 

route for radionuclides to the biosphere is formed by groundwater 

transport. Consequently, all repository designs are calculated to 

prevent this, and leaving open a potential leakage route is incompatible 

with this. As a matter of fact, it should be noted that the engineering 

of a system designed to allow retrievability on a long-term basis after 

closure of the repository can scarcely be regarded as feasible. Another 

important factor is that the period after which the repository might 

prove to be ineffective will probably be far longer than the time during 

which a warning system needed to detect any failure in good time may 

reasonably be expected to remain intact. 

Engineering a repository with built-in retrievability also involves a 

risk of a social nature. If at any time in the future the general level 

of technological capability should diminish sharply it is not 

inconceivable that members of the population alive at such time might 

involuntarily come into contact with the waste precisely because of its 

ready retrievability. This risk is practically out of the question with 

a definitively closed repository. The Committee feels that there is a 

good case for believing that this risk connected with a sharp decrease 

in technological capability may be larger than the above-mentioned 

technical risk of a repository without retrievability failing to perform 

as expected. 
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On the basis of the above considerations, the following chapters of this 

report will assume disposal methods which, especially in the case of 

long-life and/or high-level radioactive waste, are aimed at optimum 

isolation of that waste, and extended retrievability of the waste will 

be considered as being of subordinate importance. 

In view of the facts, however, that during the period of interim storage 

the waste remains fully controllable and inspectable, and although 

during the operational stage of a repository it will not be possible to 

control and inspect the waste already disposed of that the disposal 

method itself is at all times controllable and inspectable, the 

Committee is convinced that the overall concept of definitive disposal 

preceded by interim storage satisfies the principles of the general 

policy on nuclear waste. 
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Chapter 3. Possibilities in the Netherlands 

3.1. General 

There are several types of rock which offer possibilities in the light 

of the general principles mentioned in Chapter 2 with reference to 

selection of potentially suitable host rocks and the favourable 

properties of rocks for geological disposal of radioactive waste 

mentioned in the same Chapter. For the following rocks, inter alia, 

disposal concepts have been or are being elaborated internationally 

(54). 

Sedimentary rocks such as clay (Belgium, UK, Italy and 

Switzerland). 

Evaporite rocks, such as rock salt (Federal Republic of Germany, 

Denmark, German Democratic Republic, France, Netherlands, Spain, 

United States) and anhydrite (Switzerland, United States). 

Surface igneous rocks such as basalt (United States) and ignimbrite 

(Japan, United States). 

Deep igneous rocks such as granite and gabbro, and dyke rocks such 

as diabase (Canada, UK, France, Japan, Spain, US, Sweden and 

Switzerland). 

Metomorphic rocks such as slate (Canada, Japan, Spain, US). 

On the basis of the knowledge of the Dutch subsurface currently 

available, it may be stated that in the Netherlands and below the Dutch 

sector of the Continental Shelf the Tollowing types of rock qualify in 

principle for further consideration: 

salt; 

clay; 

metamorphic rock. 

3.2. Salt 

The rock salt formations potentially suitable in the Netherlands were 

initially deposited as bedded salt in the Zechstein (200-220 million 

years ago) by evaporation of seawater. Figure 1 shows that the Zechstein 

salt below the norht-eastern part of the Netherlands and the Northern 

part of the Dutch sector of the Coninental Shelf is present in the form 

of bedded salt, salt pillows and salt domes. 
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The pillows and domes are locally raised structures which were formed 

out of the original bedded salt. This took place at later times, when 

younger sediments were deposited on the bedded salt, and exerted 

pressure on the salt. Rock salt is viscoplastic, that is to say it has 

the property of being able to deform under pressure without fracturing. 

The relatively light and viscoplastic rock salt was displaced by the 

heavier adjacent and superjacent strata and pressed upwards through weak 

spots in superjacent rock. In this way the present salt pillows and 

domes were gradually formed in the course of many tens of millions of 

years (see figure 2). 

As regards the sizes of these structures, in the case of salt domes they 

extend several kilometres both horizontally and vertically; salt pillows 

measure several hundred metres in the vertical. Salt formations consist 

pridominantly of halite (Na CI) in addition to a number of other salts, 

including some containing water in their lattices, which in terms of 

physical (notably thermomechanical) and chemical properties exhibit 

marked differences from halite. 

Salt has numerous favourable properties as a potential host medium for 

radioactive waste. Chief among these are (54): 

negligible permeability and low water content. Consequently, as 

long as a salt structure is intact, movement of groundwater due to 

potential differences will be so small that it will not cause any 

transport of radionuclides through the salt shield. Any upward 

fractures capable of forming an upward passageway for water can be 

completely or partially blocked owing to crystallization of brine 

cooling as it flows upwards (the solubility of salt in water 

declines as temperature falls). 

viscoplastic behaviour, which will cause boreholes and any other 

openings gradually to seal themselves completely under the rock 

pressure. Movement of waste in relation to the surrounding salt if 

thee negligible. Moreover, any cracks will also heal in the same 

way, especially in the presence of brine. 

good thermal conductivity; this is favourable in view of the 

discharge of heat generated by the nuclear fission waste, 

good accessibility and workability using existing mining 

techniques. 
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The major adverse properties of rock salt are: 

solubility in water. In the safety analyses, this property, which 

allows the occurence of subrosion (dissolving by moving 

groundwater) plays an important role, partly because transport by 

groundwater is virtually the only route along which radionuclides 

disposed of could reach the biosphere. 

low sorption capacity. This means that radionuclides moving through 

the host rock are scarcely if at all bonded to the host rock, as is 

the case, for example in clay. Results of recent research, however, 

suggest that in the event of migration of dissolved radionuclides, 

these might be "trapped" in the crystal lattice by a constant 

process of recrystallization. 

3.3. Clay 

Although the ICK (Radioactive Wastes Subcommission) commented, in its 

report "Radioactive wastes in the Netherlands assuming an installed 

nuclear power generating capacity of 3500 MWe" (36) in 1975 that the 

Dutch clay layers are too thin for the construction of disposal caverns, 

the OPLA Committee nevertheless preferred, on the basis of current data 

and insights, to consider the "clay option". The Dutch subsurface has a 

large number of clay structures, generally with a large lateral extent. 

In some cases they are several hundred metres thick. The clay contains 

mud in varying degrees, and intercalated layers of mud and sand also 

occur in varrying degrees. To what extent mining would be feasible in 

these structures would still have to be established. In terms of depth, 

mining would often be possible. A well-known example is the "Boom" clay, 

a relatively homogeneous structure which occurs under large parts of the 

Netherlands, at depths of several hundred metres. In the south-western 

part of North Brabant, the depth and structural position of ths "Boom" 

clay are comparable with the situation at Mol in Belgium, where the SCK 

(Study Centre for Nuclear Energy Research) is investigating the 

potential of the "Boom" clay for a repository. 

The main advantages of clay as a potential host rock for geological 

disposal are: 

very low permeability; 

highly viscoplastic behaviour, caverns seal rapidly; 
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very high sorption capacity, whic strongly inhibits radionuclide 

migration; 

occurs of the Netherlands in extensive layer:., probably including a 

few layers which are sufficiently thick. 

On the other hand clay also has some disadvantages: 

only accessible for mining with the assistance of special 

facilities, with which no practical experience has yet been gained 

and of which the feasibility remains to be proven; 

high water content (at least several tens of percent of weight). 

Together with its generally low permeability, this means that 

radionuclides will migrate through the clay over a distance 

determined by sorption and water velocity. 

3.A. Metaaorphic rock 

In the south-western Netherlands, metamorphic rocks of Cambrian age 

occur at relatively shallow depth (500 m and more) in the north flank of 

the Brabant Massif. These rocks are metamorphic, highly folded and 

consist of schists, quartzites etc.. The formation is probably strongly 

fractured. No data are available as to the influence this would have on 

permeability. On Dutch territory, unlike Belgian, no drilling is known 

to have been carried out into this sock. It cannot be ruled out this 

formation may offer prospects for the disposal of radioactive waste, but 

on the basis of the scanty information currently available, it is 

impossible to make any definitive statements; nor are any foreign 

studies known from which information might be derived about using this 

rock for a repository. 
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Chapter 4. Appraisal of rocks potentially suited for geological disposal 

in the Netherlands 

4.1. Comparision between salt and clay 

Table 4.1 below summarizes once again the advantages and disadvantages 

of salt and clay, together with a number of additional items of 

information. The Cambrian rock is not included owing to shortage of 

data. 

Table 4.1: 

Salt Clay 

Permeability Virtually impermeable Very low 

Plasticity Creeps under pressure; 
Dry-drilled holes and 
dry carverns can be 
kept open long enough 
without special 
constructions. 

Creeps relatively fast; 
Holes and a caverns 
can only be kept open 
with special facilities 

Thermal conductivity High (approx. 
5 W/m °C) 

Less high (approx. 
1.3 W/m °C at 20 °C) 

Sorption capacity 

Water content 

Sites in the 
Netherlands 

Low, but absorption of Very good 
radionuclides in the 
chrystal lattice due to 
constant recrystalliza-
tion cannot be ruled out. 

Ver low, in the halite 
of salt domes usually 
0.01 to 0.1%; carnalite, bound 
kieserite and polyhalite 
contain water in their 
lattices. The halite of 
bedded salt usually 
contains 1% water. 

Usually 20 to 25% by 
weight of water, partly 

Solubility in water High 

Layers, pillows and 
domes in NE Holland 
and under the North 
Sea. Formations of 
sufficient thickness 
(400 m) and large 
horizontal extent occur 
at varous places. 

Negligible 

Among other, the 
"Boomse Klei" formations 
in large parts of Holland, 
extensive layers, some 
of which probably with 
sufficient thickness at 
accessible depth. 
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Salt Clay 

Accessibility to 
mining and suitable 
techniques 

Experience with 
mining 

Subject of study on 
disposal of radio
active waste in: 

(Demononstrat ion) 
facility under 
construction 

Remarks 

A number of formations 
lie at depths accessible 
to conventional mining 
(currently approx. 
1200 m). Construction 
of solution caverns is 
possible to great 
depths; boreholes can 
be drilled to even 
greater depths. 

Experience with 
conventional mining and 
drilling of boreholes 
and solution caverns 
available. Feasibility 
of the techniques is 
proven. 

USA, Denmark, West 
Germany, East Germany, 
Poland, Soviet Union, 
Spain, France, 
Netherlands. 

West Germany, East 
Germany. 

If the salt formation 
remains structurally 
intact (the design of 
a repository will of 
course have this objec
tive) according to 
present insight radio* 
nuclide migration 
through the isolating 
salt will not take place 

In vieuw of low elastic 
strength only accessible 
to mining if special 
facilities are used. These 
are currently under 
development and trial 
in Belgium. 

No experience in the 
Netherlands, little 
experience elsewhere. 
Feasibility of the 
technique improven. 

Belgium, Italy, UK. 

Even if the clay formation 
remains structurally 
intact, after the canister 
has corroded away radio
nuclide migration through 
the clay will take place 
over a distance determined 
by sorption and water 
velocity. 

4.2. Assessment of potential host rocks 

In 1975, the Radioactive Wastes Subcomnission (RAS) of the ICK cane to 

the conclusion that the only alternative to dumping low- and 

medium-level radioactive waste in the ocean is to dispose of it in salt 

deposits (36). In addition, a majority of the Review Committee appointed 

to reconsider the disposal of radioactive waste came to the conclusion 

in 1983 that radioactive waste from nuclear power stations and a 

proportion of the remaining radioactive waste is suitable in principle 

for disposal in salt domes (10). In 1975 the ICK-RAS concluded that 
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these salt structures were also suitable for the disposal of nuclear 

fission waste (36). Four years later, in 1979, the ICK concluded that 

radioactive waste, including nuclear fission waste, can be safely 

disposed of in salt domes in the Netherlands provided a number of 

requirements are met. This conclusion was partly based on the results of 

a safety analysis of the disposal of nuclear fission waste in a mine 

constructed in a salt dome (50). 

On the basis of the above, the Dutch research efforts into geological 

disposal have been very largely concentrated on rock salt. Consequently, 

the country now possesses considerably more knowledge and understanding 

about salt than clay as a host rock. This applies all the more with 

regard to Cambrian rock. Nevertheless, this does not mean that other 

possible options for the disposal of radioactive waste have been 

disregarded altogether. The detailed Belgian study into disposal in clay 

is being closely followed by the Netherlands, both within the EEC and on 

a bilateral basis. Research into disposal in clay is also being 

conducted in the Netherlands. 

The OPLA Committee has re-appraised the candidate rocks as listed in 

3.2. - 3.4. on the basis of the information available and has come to 

the conclusion that there are now no technical reasons for directing the 

research at a host rock other than salt. Its conclusion is based on the 

following considerations: 

Radiological safety: The generic safety studies on disposal in salt 

which haven been conducted so far have demonstrated that in view of 

the numerous favourable properties of salt in this respect (see 

Chapter 3) in principle safe disposal in rock salt is possible. The 

data available on the salt deposits in the Netherlands and the 

results of the research and development work carried out in the 

Netherlands over the past few years warrant the expectation that 

this also applies for disposal in Dutch rock salt (15, 16, 31, 50). 

Disposal in clay has also been proved to be potentially safe in 

principle (54, 70). A case study on possible disposal in the "Boom" 

clay in Belgium led to the expectation that the radiological risks 

arising from this disposal will be very slight (12). 

No such study has been conducted for an assumed disposal in Dutch 

clay. In view of the results of the abovementioned Belgian study, 

however, it to be expected that its conclusions may be extrapolated 
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for the Dutch situation. No statements can be made at this juncture 

regarding the safety of disposal in metamorphic Cabrian rock in the 

Netherlands, because the necessary data are lacking. Moreover, to 

obtain those data would cost much time and money. Furthermore, 

comparable foreign studies on this rock are lacking, in contrast to 

salt and, to a lesser extent, clay. 

Technical feasibility. Extensive experience has been acquired with 

various salt mining techniques at a large number of places 

throughout the world; experience is also available in the 

Netherlands. The techniques required for repository mining in salt 

are largely the same as those required for salt production. No 

insuperable problems are therefore expected with regard to the 

engineering feasibility of disposal in salt. At the present that 

can not be said of disposal in clay, with which only very little 

experience has been gained so far worldwide in mining at large 

depths; in the Netherlands this experience is totally absent. In 

Belgium the SCK is conducting a comprehensive research programme, 

the objectives of which include the development of a mining 

technique applicable in clay. To recapitulate, the Committee 

believes that in the Netherlands the technique of mining in salt 

has a significant lead over the technique of mining in clay. As 

regards the feasibility of waste disposal in metamorphic Cambrian 

rock, at the present time it is possible only to suppose that, by 

analogy with the possibilities in other crystalline rocks, this 

will be technically possible. However, other countries as well lack 

experience with mining techniques in this rock. 

On the basis of the above, the Committee has arrived at the following 

sequence of priorities for subsequent research into geological disposal 

of radioactive waste in the Netherlands: 

1. Salt, as the rock which according to present knowledge has by far 

the best prospects, and en which the Netherlands indeed possesses 

far more knowhow and understanding by comparison with clay and 

metamorphic Cambrian rock. 

2. Clay as a possible second choice, but about which doubts still 

exist with regard to its technical feasibility. 

3. Metamorphic Cambrian rock as a purely hypothetical third 

possibility. 
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In view of the great uncertainties surrounding the possibilities of 

disposal in metamorphic Cambrian rock, and the high cost of removing 

those uncertainties, the Commitee feels it advisable to disregard 

Cambrian rock altogether. It believes that further research in the 

Netherlands should be concentrated on disposal in rock salt because this 

option offers the best prospects for the Netherlands. The Committee does 

not think that research into disposal in clay need be carried out in the 

Netherlands, but it recommends that the Belgian investigations into 

dispoal in clay should be followed attentively. 

In discussing the status of the various fields of research in Chapter 5, 

the Committee will specify per field what information it took into 

consideration in its comparative evaluation for Stage 0 (the choice 

between salt and clay). 

A.3 Potential disposal concepts in salt 

In view of the considerable differences in the radionuclide content and 

packaging the between nuclear fission waste, technological reprocessing 

waste and other low- and medium-level waste, the disposal techniques for 

these categories of waste have to satisfy widely divergent requirements. 

For example, when disposing of nuclear fission waste it has to be spread 

over a large volume of salt. On the one hand this allows the heat 

generated to be discharged without the salt temperatures rising unduly, 

while on the other a hand it ensures that if the isolation fails, only 

minor quantities of waste could come into contact with moving 

groundwater at any one time. Furthermore, during operation it is 

essential to have an optimum radiation shield, which implies the 

necessity of using special heavy containers for handling and 

transportation purposes. The international opinion is that nuclear 

fission waste can best be disposed of in boreholes, either in shallow 

holes for single canisters or small numbers, or in deep holes to stack 

several hundred canisters. 

When disposing of non-heat generating waste (low- and medium-level 

waste) the main consideration is its relatively large volume; 

concentration of this waste is not objectionable either from the 

viewpoint of heat generation or from the radiological viewpoint. 

Generally speaking, the most suitable disposal methods for this waste in 
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salt are held to be stacking or dumping in mine passages or large 

chambers or caverns. The caverns may be part of a mine, or they.may be 

constructed by first drilling a shaft or a hole from the surface and 

then opened up by leaching or by drilling and shooting. 

A reservation has to be made for a number of categories of technological 

reprocessing waste, which may require separate treatment either because 

of the solidification matrix (bitumen) chosen or because of the 

radionuclide content (high-level waste). This aspect must be borne in 

mind when performing a comparative evaluation of techniques and dispoal 

concepts applicable in salt. 

In Table 4.2, the following potential disposal techniques are set side 

by side: 

A. Conventional mine, with chambers for low- and medium-level waste, 

boreholes from the passages for nuclear fission waste, and storage 

areas for the high-level waste. 

B. Cavern as D, subsequently enlarged into a conventional mine with 

chambers for low- and medium-level waste, boreholes for nuclear 

fission waste and storage areas for high-level waste. 

C. Boreholes from the surface for nuclear fission waste. 

D. Cavern for low- and medium-level waste with wide shaft constructed 

by drilling and shooting, accessible to personnel, operated dry. 

£. Cavern for low- and medium-level waste with wide shaft, obtained by 

leaching, and operated dry. 

F. Fluid-filled cavern, low- and medium-level waste, operated wet. 

For each of these techniques, the Table outlines a number of technical 

features on the basis of data currently available. 

These data are not equally detailed and comprehensive for all the 

techniques. Mention has already been made of the reservation applicable 

to certain categories of technological reprocessing waste for the 

disposal techniques C to F. Furthermore, recent information has 

disclosed that the stability of large caverns of the D and £ type for 

long-term operation is a matter that requires further study (56). For 

these reasons, the Committee believes that it is not possible at this 

time to make a belanced technical comparison and appraisal of these 

techniques; the Committee therefore concludes that to obtain the 



- 36 -

technical data required for such an appraisal should in principle be one 

of the objectives of the further research. This matter is considered in 

Chapter 5, section 5.4.1. 

Nevertheless, the following gener-1 remarks may be made with reference 

to Table 4.2: 

In the first place, it may be stated that a conventional mine can be an 

extremely flexible final solution for all the radioactive waste in the 

Netherlands, because its disposal capacity is simple to adjust to the 

quantities of waste supplied in the course of the operating time which 

may, without objection, be long in relation to other options. This 

applies equally to option B, where it is assumed that the disposal of 

nuclear fission waste and certain categories of technological 

reprocessing waste will only take place after a period of interim 

storage above ground. Option C offers a final solution for nuclear 

fission waste only, and option* D, E and F offer final solutions for 

low- and medium-level waste o „y. If the aim is final disposal of all 

the radioactive waste in salt, the comparative appraisal will therefore 

relate to the following techniques and combined techniques. 

Conventional mine (A) 

Combination of cavern and mine (B) constructed in phases 

Boreholes (C) combined with: cavern D, or 

cavern E, or 

fluid-filled cavern F. 

As has already been stated, the above-mentioned disposal techniques 

should be subjected to a technical comparison. In view of the fact that 

the mine design is at a later stage of development than the other design 

techniques, the latter require further definition in preliminary design 

studies. With regared to these preliminary studies and the subsequent 

technical comparison and assessment, questions obviously arise 

concerning the volumes of nuclear fission waste and low- and 

medium-level waste to be disposed of deep underground as a function of 

time. With regard to nuclear fission waste, it was metioned in Chapter 2 

that an interim storage duration of several decades is presupposed so 

that actual definitive disposal of nuclear fission waste in salt would 

only become necessary after the year 2010. No such presupposition has 

been made in this report with regard to the possible disposal of 
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low- and medium-level waste in salt. Not only are these volumes highly 

dependent on the magnitude of the stream of (processed) waste itself, 

but they are also determined to a large extent by the relevant policy. 

That policy must of course rest upon appropriate technical information 

concerning the advantages and disadvantages of definitive disposal in 

salt versus surface disposal, cost consquences, safety aspects and so 

on. Any future policy choice between, on the one hand, continuation of 

the present policy, which, as appears from the Radioactive Waste 

Memorandum (51) envisages long-term storage of low- and medium-level 

waste on land, and on the other hand definitive disposal of this waste 

deep underground may have technical and economic repercussions on the 

definitive disposal of nuclear fission waste. For that reason the 

Commiteee considers it essential for all the disposal techniques 

mentioned to be subjected to the technical comparison on the basis of 

comparable information. 

The Table contains no cost indications for the disposal techniques 

considered because strictly speaking the information available only 

allows a reliable indication to be given for disposal concept A at the 

present time. Nevertheless, from the preliminary reviews which the 

Committee has undertaken on this subject, it has emerged that given 

minor quantities of waste originating for example from the nuclear 

capacity installed at present, the combination of boreholes for nuclear 

fission waste and one of the dry or fluid-filled cavern designs for 

low- and medium-level waste presents relatively favourable prospects in 

terms of investment costs by comparison with a conventional mine, 

posibly constructed in phases. Assuming larger quantities of waste, for 

an integrated disposal option, the investment cost aspects favour a 

mine, possibly constructed in phases. Further development of preliminary 

designs as mentioned above will yield more information on this factor. 
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Table k.2 Review of potential disposal techniques in salt 

1. Brief description of the technique. 

2. Depth. 

3. Salt formations at accessible depth. 

A. Suitability and capacity for various categories of radioactive 

waste. 

5. Scope for adjustment to quantity of waste for disposal. 

6. Scope for inspection of waste disposed of. 

7. Existing theoretical knowledge and practical experience. 

8. Certain safety aspects: 

a. Scope for adjustment of design to local composition of salt; 

b. Sealing; 

c. Water intrusion. 

A. Conventional mine 

1. Two vertical shafts (transport and 

ventilation); galleries at one or more levels; 

caverns for low- and medium-level waste; 

boreholes (dry-drilled) several hundred metres 

long from around 900 m level, for nuclear 

fission waste. 

2. Limited to around 1000 m in view of salt creep 

and operating conditions. Depth of the dry 

boreholes 1200 - 1500 m. 

3. Feasible in a number of salt domes, but not in 

pillows or bedded salt. 

4. Suitable for all categories of radioactive 

waste; very large potential cap.'ity. Highly 

flexible in terms of canister si" . 

5. Highly flexible to quantity of wa.Le for 

disposal during operating period, but expensive 

for small quantities. 
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6. Nuclear fission waste uninspectable in 

boreholes; low- and medium-level waste 

inspectable as long as the chamber has not been 

sealed. 

7. Wide experience in production mining; West 

Germany and East Germany already have practical 

experience with low- and medium-level waste 

disposal in salt mine. Disposal of nuclear 

fission waste in mine is currently the subject 

of comprehensive theoretical and practical 

research in Germany, he Netherlands, U.S. etc. 

8. a. Good scope for internal exploration allows 

optimum flexibility, even during 

construction. 

b. the seal of each nuclear fission waste 

borehole is in situ inspectable as soon as 

it is fully charged. Filling of galleries 

and chambers when accessibility is no 

longer required; sealing of shafts near 

surface after end of operating time. 

c. Slight risk of water intrusion via 

undetected faults in surrounding salts, 

defective shaft sealing, or fracture in 

shallow salt. If necessary the design can 

be modified. 

B. Phased construction, cavern and mine combination 

1. First phase comprises the construction of a 

cavern as in D, large enough for say 25 years, 

then construction of second shaft, sealing of 

cavern, and exploration for enlargement from 

the two caverns to form a complete mine. 
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2. Because of salt creep limited to approximately 

1000 m; depth of the dry boreholes 1200 -

1500 m. 

3. Feasible in a number of salt domes, but not in 

pillows or bedded salt. 

4. In first phase low- and medium-level waste 

only, for example 500 MW over 25 years. 

Following extension to mine, suitable for all 

kinds of radioactive waste, very large 

potential capacity. 

5. See A. 

6. Top canisters of low- and medium-level waste 

inspectable by camera during the first phase as 

long as the cavern has not been sealed; in the 

second phase low- and medium-level waste is 

inspectable as long as the cavern has not been 

sealed. Nuclear fission waste is not 

inspectable. 

7. Ample experience has been gained in production 

mining with the techniques required for both 

phases. 

8. a. In the first phase as D, subsequently as A. 

b. In the first phase as D, after enlargement 

as mine: as A. 

c. See D. 

C. Boreholes from the surface 

1. From the surface, wet-drilled holes deep into 

the salt, which after charging with canisters 

of nuclear fission waste are filled in, 

cemented, completed and sealed. 
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2. Feasible to over 4000 m. 

3. Feasible in a number of domes, pillows and 

thick layers (Maximum 400 m). 

4. Only suitable for nuclear fission waste; for 

say 500 MV over 30 years, one to two boreholes 

would be needed. 

5. Highly flexible by variation in length and 

number of the holes to be drilled. 

6. Nuclear fission waste not inspectable. 

7. Ample experience with exploratory and 

production drilling. The Danes have carried out 

a draft study on disposal in relatively 

large-diameter holes. Further study required on 

feasibility. 

8. a. Positioning based on exploration from the 

surface and from the boreholes. During 

construction the only modification possible 

is the depth of the hole. 

b. Filling in and cementing of each hole after 

charging with nuclear fission waste 

canisters; study necessary on the extent to 

which K and Mg salt layers may be used as 

additional seal. 

c. Disposal takes place in the drilling mud. 

The preliminary design should consider the 

consequences of this. 

D. Cavern with wide shaft, drilled and operated dry 

1. Cavern constructed by drilling and shooting, 

remaining dry after construction. Waste is 

enplaced in the cavern in a controlled way. 
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Because of salt creep limited to approximately 

1000 m. 

Feasible in a number of salt domes and pillows, 

but not in bedded salt. 

Only suitable for low- and medium-level waste. 

A cavern can accommodate all the low- and 

medium-level waste resulting from say 4000 MW 

over 30 years 

Capacity per cavern is fixed at the design 

stage; subsequent modification possible by 

drilling further caverns. 

Topmost canisters of low- and medium-level 

waste inspectable by camera, as long as the 

cavern has not been closed. 

Wide experience in production mining. Germany 

already possesses experience in the 

construction of such a cavern for low- and 

medium-level waste disposal. Stability of 

large, long-term operated caverns requires 

further study. 

a. Design partly based on survey from the 

shaft. Some margin required in the design 

for modification to the resultant findings. 

b. Charging of the cavern is followed by 

further backfilling of the cavern and 

shaft, which is sealed near the surface. 

c. Low risk of water intrusion via undetected 

failures in surrounding salt, defective 

shaft casing, or fractures in shallow salt. 

reservation made with regard to certain categories of 
level waste in Appendix 1. 
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Solution cavern with wide shaft, operated dry 

Cavern created by solution mining and pumped 

empty after completion. Waste is emplaced in 

the cavern in a controlled way. 

Because of salt creep limited to about 1000 m. 

See D. 

See D. 

See D. 

See D. 

Wide experience in production mining, in the 

Netherlands to 1500 m depth. No design studies 

for low- and medium-level waste known. Effluent 

brine requires special attention during 

construction. Stability of large long-term 

operated cavern requires further study. 

on exploration from the 

from boreholes. During 

no further modification 

a. Design based 

surface and 

construction 

possible. 

b. See D. 

c. See D. 

Fluid-filled cavern, operated wet 

Cavern obtained by solution mining, and 

continuing to contain brine during operation in 

order to keep the cavern open. Waste is sunk 

into the cavern. At greater depth the brine 

requires pressurization. 
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In principle feasible to depths greater than 

1500 m. 

Feasible in a number of domes, pillows and 

thick layers (minimum 400 m). 

See D. 

See D. 

See D. 

Solution mining is practised in the Netherlands 

to 1700 i" depth, eslewhere to around 2500 m. No 

designs studies for low- and medium-level waste 

disposal known. Effluent brine requires special 

attention, in particular if it has slight 

radioactive contamination at the end of the 

operating time. 

a. Design based on exploration from the 

surface and boreholes. During construction 

no further modification possible. 

b. Charging pipe backfilled to well below the 

salt level, and sealed near surface as soon 

as the cavern is fully charged. The 

potential additional sealing effect 

of K and Mg salt requires further 

investigation. 

c. No risk because of the presence of brine. 

Disposal takes place in the fluid. 
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Chapter 5. The current state of knowledge and research required. 

5.1. Introduction 

In this chapter we shall indicate, stating reasons, what research the 

Committee deems necessary with reference to possible decision-making on 

the establishment of a geological disposal facility in the Netherlands 

or under the Dutch section of the Continental Shelf. It is clear from 

the previous chapter that in principle there is a vide range of options 

for the disposal of radioactive waste. For practical reasons, the 

possibility of doing exhaustive research of each conceivable option 

should not be considered. Research should be confined to the most 

promising options. Throughout the process of research and development, 

choices must be made as tothe options to be studied and developed. In 

the course of research and development therefore a number of prelimi

nary policy decisions must be taken before a decision is taken on the 

establishment of a disposal facility. 

From a technical and scientific point of view, the following decisions 

are of interest: selection of host-rock, selection of technique and type 

of formation, and selection of a site for further investigation. The 

Committee takes it that this site selection will be made in stages. The 

quantity and quality of information about the potential sites increase 

as the number of sites which are considered, decreases. A definite 

judgement on the suitability of the investigated site will take place on 

the basis of the results of the surface and underground survey. 

Sufficient technical information must be obtained by means of research 

and study to provide a sound basis for each selection and decision. Thus 

the research programme can be divided into the following stages, inclu

ding the work which already has been done; 

Stage 0; General comparison of potential host rocks, concluding with 

a decision in principle to opt for one of them. The view of 

the Committee is that the host rock should be salt, as is 

already pointed out in Chapter 4. 
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Therefore the programme is directed towards salt as a host 

rock. It is indicated in chapter 4, which disposal concepts 

and types of formation should be included in the studies. 

Stage 1: Comparison of the disposal concepts which could be employed in 

the type of rock opted for at Stage 0, with reference to the 

types of formation of the host rock in question which exist in 

the Netherlands or under the Dutch section of the Continental 

Shelf. If studies and research at this stage show that there 

are compelling technical reasons for opting for a different 

host rock, Stage 1 should begin over again with reference to a 

different rock. Stage 1 should conclude with a selection of 

one of the possible combinations of technique and type of 

formation. 

Stage 2: Technical comparison of sites where the chosen type of for

mation exists, on the basis of external site specific data 

obtained from preliminary field work above and around a few 

possible host formations. Decision in principle to opt for one 

of them, or return to an earlier stage if technical problems 

arise which prevent this. 

Stage 3; Implementation of a programme of definitive surface and under

ground surveying of the chosen site. Final evaluation of the 

site on the basis of external and internal site specific data. 

This yields the technical data, necessary for a decision on 

disposal at this site. 

In principle, under this programme each stage should comprise research 

only for purposes of further development of those options which, partly 

on the basis of information obtained at the previous stage, have been 

selected for further study. It will be necessary to deviate from this 

principle on technical grounds if the further research reveals tecnical 

problems which are deemed sufficiently serious to prevent implementation 

of the option selected in principle. The above-mentioned selections are 

only final if they have been confirmed by the further research. They 

therefore have the character of selections in principle. In this way 

research should converge with a minimum of effort towards a good and 

tecnically sound disposal plan without endangering the necessary broad 

orientation in the process. 
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Although each stage of the research is intended tc lead tc a decision to 

confine research to a certain option or options at the subsequent stage 

(and likewise in each subdivision within a stage), it is not essential 

that all the research for a particular stage should be completed before 

a decision of principle can be taken and the next stage started: stages 

may partly overlap. 

Internationally, research has been going on for some time into possi

bilities of geological disposal of radioactive waste. Particular mention 

nay be made of the five-year programmes of the European Communities 

which are intended to coordinate and encourage such research, for 

example by providing financing (19, 20, 21). The Netherlands par

ticipates in these programmes (see Annex 2). Fart of the research con

ducted by the Netherlands in this area is also carried out in bilateral 

cooperation with the Federal Republic of Germany. This notably applies 

to the experimental in situ research by the ECN (Netherlands Energy 

Research Foundation) at the Asse mine near Braunschweig. We may also 

mention the coordinating role performed by the OECD/NEA with regard to 

research in member countries. International cooperation clearly makes 

sense in view of the many aspects of geological disposal which are alike 

in the countries concerned, and it reduces costs considerably because 

countries can use one another's research results. This means that the 

programmes of individual countries should ideally be geared to the 

international ones. A certain measure of flexibility is called for in 

order to make it possible to allow for new findings. The programme 

presented in this chapter is intended to take account of these require

ments and relationships. 

The research necessary at each stage will be dealt with by subject area. 

Sections 5.2. to 5.6 deal with the following subjects: 

5.2.Safety studies 

5.3 Natural barriers 
5.4 Engineering 

5.5 Geology 

5.6.General studies and research. 

The research programme described in this chapter is summarised in 

chapter 6. 



- 4 8 -

5.2 Safety studies 

The ultimate purpose of the whole process of research and development is 

to arrive at a tecnically feasible disposal concept which meets a 

radiological criterion as referred to in Chapter 2. In the light of 

this, safety studies are an important factor, serving not only to assess 

whether a particular general or specific storage plan meets a prior 

criterion but also to determine what elements and phenomena have a 

relatively great influence on safety, and hence to improve the disposal 

plan by means of constant reassessment.Proceeding from Stage 0 to Stage 

3, the work of safety analysis evolves from a general study (relating to 

disposal in a particular host-rock, through a study relating to a 

particular technique, to a study relating to a particular technique at a 

particular site. At Stage 0 only general data are available concerning 

the host-rock to be used and any overlying and adja- cent strata, while 

there are also very few details of the technique to be used. However, 

all relevant data relating to the technique and the site must be availab

le for the final safety study at the end of Stage 3, which provides a 

technical basis for a decision on whether to go ahead and dispose of 

radioactive waste at the site concerned. A full safety study comprises 

the following elements (44): 

(a) a list of processes and events which could result in a release 

of radionuclides; the International Atomic Energy Agency (39) for 

example has published such a list for geological disposal in gene

ral. For the safety assessment with respect to the operational 

stage a corresponding list has to be prepared; 

(b) selection of relevant release scenarios and establishment of 

models to describe them; 

(c) per scenario: assessment of the consequences for the biosphere 

and man (doses); 

(d) evaluation of risk. 

The above approach is a probabilistic one, aimed at calculating the 

likelihood of a given consequence (dose). However, since there is no 

adequate scientific basis for calculating probabilities for certain 

release scenarios, it is 'generally necessary to confine oneself to a 

deterministic approach, assessing the consequences of realistic release 

scenarios on the assumption that they will definitely occur, regardless 

of the actual probability. 
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As regards long-term safety, many possible release scenarios are con

ceivable (44). 

1. direct release as a result of natural disasters such as the im

pact of a very large meteorite, volcanic activity or an earthquake; 

2. direct release as a result of slow natural processes such as ero

sion by wind, water or ice, or movement of the host rock towards 

the surface; 

3. release as a result of human activities such as exploratory dril

ling through a disposal site, mining at a disposal site, use of ve

ry powerful explosives or terrorism; 

4. release after loss of container, by transport through groundwater 

via permeable rock. Indirect release by transport through ground

water as a result of slow natural processes, e.g. erosion of the 

host rock by water (for example after a change in sea level) and 

loss of integrity through fracturing, shear, earthquake etc. 

As regards the scenarios at 1, most safety studies conclude that they 

need not give rise to concern from the point of view of long-term 

safety, either because the probability of their occurring is too slight 

or because the direct consequences of the event itself would be far more 

serious than those of the release of radionuclides. The latter argument 

also applies to the use of powerful explosives. With respect to the 

long-term safety the consequences calculated in this way were compared 

to the radiological criterion. 

It was concluded from Belgian studies relating to disposal in the Boom 

clay formation (12,70) that according to the most likely long-term 

scenario, the quantity of radionuclides which would become dispersed in 

the clay itself would be inconsiderable, and that the mobility of 

radionuclides coming into contact with the clay would be very slight. 

These studies also led to the conclusion that the risks associated with 

the 25 scenarios which were considered (including glacial erosion, 

fracturing combined with water abstraction from an aquifer contaminated 

in consequence, uplift of the clay stratum, permafrost, impact of a 

meteorite) were extremely slight or even negligible. No safety study has 

been conducted on the possible disposal of radioactive waste in clay 

strata in the Netherlands. Regarding possible disposal in clay forma

tions in the Netherlands, the Boom clay formation, which partially ex

tends within Butch territory, must be considered. As it may be assumed 

that the characteristics of the Boom clay in the Netherlands will 



- 50 -

strongly resemble those of this clay formation in Belgium, the Belgian 

studies provide sufficient information for the comparison of potential 

host rocks in the Netherlands (Stage 0). With the aid of existing data 

on groundwater movements at medium depth in the subsurface, the con

clusions from these studies can be extrapolated to the particular case 

of disposal in the Dutch part of the "Boomse klei". The Committee deems 

it worthwhile to carry out such a study at Stage 1, on the one hand in 

order to provide a basis for comparison of the radiological risk as 

between clay and salt, and on the other hand in order to obtain a 

clearer picture of the possible consequences for the Netherlands of 

disposal in the Belgian part of the Boom clay. 

As regards disposal in salt, general safety studies have been carried 

out in many parts of the world (44). The conclusion is justified that 

the risks associated with disposal in salt can be extremely slight or 

even negligible. Safety studies on disposal in a Dutch salt dome have 

been published by Hamstra (29), the Interdepartmental Nuclear Energy 

Committee (50) and others (15, 16). These studies confirm that radioac

tive waste can safely be disposed of in salt and provide sufficient 

informaticn for comparison with disposal in clay (Stage 0). 

The Du-c.i studies referred to above are based on the idea of disposal in 

a mine in a salt dome. In order for a balanced comparison of relevant 

combinations of technique and type of formation to be made (see Chapter 

4), as required at Stage 1, information is needed concerning the speci

fic safety aspects of the other relevant disposal methods, in addition 

to the information already available concerning a mine in a salt dome. 

The Committee also considers that further attention should be devoted to 

a number of parameters which according to the said studies have a 

relatively big influence on the ultimate results (radiation doses), 

notably: 

(a) the rate of uplift of the salt structure. In (50), a relatively 

high value was used for this on the basis of the information then 

available. After a prognosis of the stability of the Dutch salt 

structures has been made (see section 5.5), this value should be 

evaluated and revised if necessary. The rate of uplift is among the 

factors which determine when stored waste many come into contact 

with groundwater or reaches the surface; 

(b) rate of leaching of radionuclides from their matrix (see section 

5.4). Under the approach adopted in (50), radiation levels are 

deemed proportional to this; 
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(c) quantity of insoluble material in the salt; 

(a) nuclide content per m of salt (for relationship with mine design, 

see section 5.4); 

(e) absorption of radionuclides by plants; 

(f) adsorption of radionuclides by overlying and adjacent clay-

strata (see also section 5.3). 

In these studies, it was assumed that the establishment of a repository 

facility and the deposition of waste would not have any undesirable ef

fect on the stability and isolation value of the salt dome. The know

ledge and data required in order to determine under what conditions this 

assumption may be deemed accurate are discussed in sections 5.3 to 5.5. 

A coordinated study is currently being carried out in the EC concerning 

the safety of various geological disposal methods, entitled Performance 

Assessment of Geological Isolation Systems (PAGIS), in which the Nether

lands is participating. The aim of the study is to establish a common 

approach and to integrate the most recent data into safety studies. It 

is desirable that the Netherlands should continue to participate in 

PAGIS during Stage 1 and possibly Stage 2 partly in view of the above-

listed points for consideration. 

At Stage 3 the relevant sites should first be compared from the safety 

angle. Relevant factors include dimensions, depth, the geometry of the 

salt structure, the structure of the overlying and adjacent strata, and 

notably the presence of aquifers on the one hand and of highly imper

vious or adsorbent strata on the other (e.g. clay); fractures in strata, 

the stability of the salt structures, etc. 

Before a decision can be taken on the implementation in Stage 3 of a 

programme of surface and underground surveying of the salt structure 

(site assessment) which has been selected partly on the basis of the 

above comparison, as detailed as possible a safety analysis for disposal 

in the structure is required. Once the sire assessment programme has 

been carried out, the safety analysis constitutes the final step in the 

process of checking for compliance with the radiological criterion laid 

down in advance (see also section 5.6' and thus provides the technical 

basis for. a decision whether to go ahead and dispose of waste in the 

structure. 
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5.3.3 Hydrology 

Hydrology deals with the transport of fluids and of materials carried in 

them. Groundwater contained in porous rocks can move about under the 

influence of differences in potential if the rock is permeable to a 

greater or lesser degree. In the case of an intact salt rock formation, 

porosity and permeability are negligibly slight. Movement of water under 

the influence of differences in potential are so slight that consequent 

transport of radionuclides through the salt barrier will not occur. The 

same does not generally apply to the strata overlying and adjacent to a 

salt formation. Groundwater flowing past the edges of the structure may 

collect and remove salt from it so long as the groundwater has not yet 

become saturated brine. It is possible to carry out hydrological cal

culations to determine the extent to which this process of "subrosion" 

occurs. As a rule, the porosity and permeability of clay strate are not 

negligible, so that some movement of groundwater must be expected around 

a disposal site in clay. If groundwater flows were to come into direct 

contact with high-level waste, small quantities of radionuclides would 

become dissolved and would be transported. In the case of disposal in 

salt, this event could only occur if the salt isolation would be lost 

and the canister would be totally corroded; in the case of disposal in 

clay it could occur after loss of the artificial barrier around the 

canister and of the canister itself. 

In order to predict isolation values or migration of substances it is 

necessary to work out a model for the hydrological system, which must on 

the one hand be verified in accordance with physicomathematical criteria 

and on the other hand accord with the hydrological situation. Ground

water systems are not usually easy to describe. Particularly in view of 

heterogeneous characteristics (permeability, porosity etc.) and the 

complexity of parameters involved, it will in practice be necessary to 

use numerical techniques to solve the partial differential equations 

which describe the transport of dissolved substances in groundwater. A 

number of such tranpcrt models have been developed and applied in the 

past ten years, mainly in the United States (2, 14, 35, 61, 67). Ver

sions of these models are operationally available in the Netherlands. 

The National Institute of Public Health and Environmental Hygiene (RIVM) 

is currently working on a new version (within the framework of the 
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preliminary survey will be carried out at two sites, comprising a three 

dimensional seismic survey and a limited number of geohydrological 

borings. At Stage 3, the survey will be confined to one site. As far as 

the geohydrological survey is concerned, at this stage in the order of 

100 geohydrological borings are envisaged, not reaching into the salt. 

Before the field research begins it is particularly important to make a 

number of preliminary calculations in order to determine the best sites 

for test drilling and seismic lines. 

In recent years there have been major improvements in the techniques for 

determining the various geohydrological parameters (11, 53, 68). Since 

groundwater remains in the subsoil for a very long time (ten thousands 

to millions of years), problems may arise both because the various 

parameters are not constant over time (26, 73) and because it is neces

sary to use relatively new dating techniques (3). It is necessary to 

evaluate experience of this in other countries (Stage 1). 

5.3.4 Geochemical aspects of radionuclide transport in the subsurface 

Radionuclides can only be transported through the subsurface by the 

water phase. There is no transport through the solid phase. The geochemi

cal aspects of this transport therefore relate purely to the water 

phase. Migration is slowed by adsorption an desorption phenomena in the 

soil. When only adsorption occurs and there is no desorption, migration 

ceases. However, as a rule desorption cannot be disregarded. If the 

migration is slowed the transport of radioactivity does not cease, but 

is reduced as a result of radioactive decay. In quantitative terms it 

may be said that if a certain percentage - say aX - of a radionuclide is 

absorbed, its mean migration is likewise reduced by a%. The percentage a 

is determined by the coefficient of distribution of the radionuclides 

between the solid and liquid phases, which is a unique value for any 

given combination of radionuclides and soil type. Coefficients of 

distribution are therefore collected and kept in databanks. Clay posses

ses good sorption characteristics for most radionuclides, and the 

resulting transport of radionuclides through clay can therefore be only 

slight. It is clear from the values in the NEA databank (55) that 

coefficients of distribution vary widely. Unless one has samples of the 

soil one wishes to assess, there is an uncertainty factor of the order 
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of 100 to 500. This factor may be reduced to between 20 to 50 by means 

of equilibrium tests on soil samples from the site. 

The use of coefficients of distribution has often been criticised, be

cause their use can be justified only if there is equilibrium between 

the concentrations of radionuclides in the solid phase and the dissolved 

phase. In reality this is never the case because many slow reactions 

take place in soil systems. It is not possible to make satisfactory 

estimates of the quantitative effects of these reactions on the basis of 

present knowledge. The effects depend on such factors as type of nucli

de, chemical form, pattern of water flow, other dissolved substances and 

type of soil. Dissolved salts can be a particular cause of complications 

here. Further experimental research is required and can reduce the 

uncertainty in the prediction of the extent to which transport will be 

slowed to a factor of between A and 10. The current research by the 

National Institute of Public Health and Environmental Hygiene is inten

ded partly to obtain information about the.possible influence of salt on 

radionuclide transport. 

Sufficient information about geochemical aspects of radionuclide trans

port is available for a general comparison of the potential host rocks 

salt and clay (Stage 0). In order to compare types of formation in salt 

(Stage 1), some knowledge of the influence of salt on the sorption 

characteristics of clay strata above and around salt structures is 

required. The amount of detail required depends on the relative impor

tance of these strata for long-term safety of the disposal, which can be 

established from the safety studies referred to in section 5.2 (Stage 

1). 

At Stage 3, cores from the clay strata above and around the intended 

location must undergo laboratory examination in support of the final 

safety study. 

5.3.5 Biosphere models 

The oodels which are used to describe the dissemination of radionuclides 

in the biosphere serve to calculate the possible consequences for a 

future population (in terms of radiation doses) of a release of radionu

clides in the event of isolation being lost. 
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proper account to be taken of it in the conceptual disposal plan. It 

will also be considered during the test disposal of specially produced 

high-level v2Ste in the Asse mine in the Federal Republic of Germany, 

which will be discussed in section 5.4. Radiolysis also plays a part in 

the disposal of highly radioactive waste in clay. Research into this 

forms part of the current Belgian research programme; it is not neces

sary for the Netherlands to undertake research into it. 

Not only the water in the host rock but also the host rock itself 

undergoes changes as a result of radiation. A whole series of processes 

is set in train in rocksalt, ultimately resulting in the conversion of a 

small quantity of NaCl to colloidal sodium and chlorine gas. In the 

salt, part of the radiation energy is directly converted into heat and 

part is stored in the form of chemical energy as a result of the above 

processes. This phenomenon has been thoroughly studied, mainly in the 

USA (13, 42, 45, 46), and it has been found that the radiation damage 

(defined as the percentage by volume of colloidal sodium) is no more 

than a few percent. It has also been found that the quantity of energy 

stored and the mode and rate of release could lead to only slight rises 

in temperature, which would moreover be localised. 

Recent model calculations, albeit not completely free of controversy, 

suggest that higher damage values and temperature rises are not impos

sible (32). An interpretation and evaluation of the relevant study is in 

progress with reference to a real disposal situation. Moreover, initial 

results from the current research into the effect of fluid on the 

rheology of salt suggest that the process of continuous recrystallisa-

tion in the salt will prevent storage of large quantities of radiation 

energy. The Committee considers it desirable to conduct limited labora

tory tests in order to obtain further information on the possible 

effects of recrystallisation. Clay also undergoes changes as a result of 

radiation, including degradation of the organic fraction and reduction 

of sorption capacity. These phenomena are currently being investigated 

in Belgium; there is no need for research to be done in the Netherlands. 

Whether waste is disposed of in clay or in salt, radiation damage can be 

prevented by means of an extra container (overpack). It is thought that 
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a steel container less than 10 cm thick would be sufficient. The Commit

tee therefore considers radiation damage irrelevant to the general 

comparison of host rocks (Stage 0). This is not to say that limited 

further research at Stage 1, as referred to above, would be pointless, 

since it remains necessary to determine how much containment (if any) is 

required. It is envisaged that the most economical technical means 

should be determined at Stage 3. 

5.4 Engineering 

5.4.1 Mining engineering 

One requirement for suitability of rock for disposal of radioactive 

waste is that it should be accessible to mining (see also Chapter 2). 

This depends on the technical state of the art, and the properties cf 

the rock itself, both of which aspects were discussed in Chapter 4, 

section 4.2. Here therefore we sh«.il confine ourselves to stating a few 

of the main conclusions. 

1. There is ample experience of mining in salt in many parts of the 

world, and this experience is also relevant to mining for disposal 

purposes. Experts do not doubt the technical feasibility of dispo

sal in salt. 

2. The engineering design of a repository in clay requires further 

elaboration. Research into this is being carried out in Belgium. It 

should be added that the Netherlands Energy Research Foundation 

(ECN) is currently collaborating with the Gesellschaft fur Strahlen 

und Umwelt Forschung in Braunschweig on the development of a dry 

dilling technnique which is expected to increase the diameter and 

depth of dry drilling in salt considerably. 

On grounds of the above, the Committee believes that sufficient informa

tion is available for Stage 0, 

The various ways of disposal of radioactive waste in salt were described 

in section 4.3 (see also Table 4.2), where it was observed that the in

formation was not of equal breadth and depth for all the methods discus

sed. At Stage 1 the Committee deems it essential that preliminary plans 

be drawn up concerning disposal concepts B to F (a good one already 

exists for concept A (28)) and that a technical comparison of concepts 
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A to F be carried out, partly on the basis of these plans. As a minimum 

programme, the following aspects should be considered: 

(a) suitability for use in Dutch salt deposits; 

(b) suitability and capacity for the categories of waste to be 

disposed of; 

(c) flexibility as regards nature and quantities of waste (radioac

tivity, surface exposure rate, size of package); 

(d) possibilities of adaptation to local rock composition and 

structure; 

(e) relevance of existing theoretical knowledge and practical 

experience; 

(f) possibilities of infiltration by water; method of shielding from 

water; 

(g) operational aspects, such as control and surveillance; 

(h) surface outfit such as buildings, and transport and watch provisions; 

(i) specific implementation problems; 

(j) cost. 

Some practical problems arising from disposal of high-level waste in 

salt may have to be taken into account when comparing relevant disposal 

concepts, and in order for such problems to come to light at an early 

stage it is very important that the Netherlands should take advantage of 

the opportunity to participate in the demonstration disposal project in 

the underground in-situ laboratory in the Asse salt mine, in respect of 

which the Federal Republic of Germany recently applied to the EC for a 

financial grant. 

The Committee does not consider it necessary for techniques of disposal 

in clay to be developed in the Netherlands, although of course the Ne

therlands should follow Belgian research in this field attentively. 

At Stages 2 and 3, further elaboration of the disposal concept selected 

with the aid of information from Stage 1 is envisaged, as is continued 

participation in the demonstration disposal project. 
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5.4.2 Artificial barriers 

Most disposal concepts for high-level waste canisters provide for a sys

tem of artificial and natural barriers as follows: 

Artificial barriers 

waste matrix; 

stainless steel container around matrix, suitable for interim 

storage and transport; 

(optional:) extra container to resist rock pressure and/or 

minimise irradiation of host rock; 

sealing and possibly backfill of borings; 

sealing and backfill of shafts and passages; 

Natural barriers 

the host rock itself (salt or clay); 

overlying and adjacent strata. 

Here we shall deal with the abovementioned artificial barriers. It 

should be noted in advance that studies have shown that, particularly in 

the case of disposal in salt, geological barriers are by far the most 

important for long-term safety (7, 71). Nonetheless, the artificial bar

riers play an important part in immobilising the radionuclides and in 

the transport and deposition of the waste, the sealing of possible chan

nels through which water might leak, radiation protection, limiting de

formation of the host rock, etc. 

Detailed research has been conducted on borosilicate glass as a waste 

matrix, with reference to its physical, chemical and mechanical propor

ties, and notably to radiation damage, storage of radiation energy in 

the glass, and leaching (21, 22). Particularly in the case of salt, no 

further research is necessary. A possible alternative to borosilicate 

glass in the long term is synroc, a mixture of synthetic minerals which 

have the capacity to accept radionuclides into their lattices. Develop

ment of this process is currently at the non-active pilot plant stage. 

It is not impossible that this material may present advantages as re

gards leaching. Leiden University is performing small-scale fundamental 

research into the properties of synroc components. Further research is 

not deemed necessary at present. 
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As regards the next barriers, the thin-walled stainless steel container 

and optional overpack to resist rock pressure and/or minimise irradia

tion of the host rock, corrosion research is being carried out in West 

Germany, the United Kingdom and the USA (48, 64). The Committee does not 

consider further research necessary. However, the necessity of an 

overpack from the point of view of strength, protection against radia

tion and safety should be investigated at Stage 1. It is envisaged that 

the most economical form of container for this purpose should be de

termined at Stages 2 and 3. 

Studies and preliminary plans for sealing and filling borings, shafts 

and passages in salt have been made in the Netherlands (30, 57), and are 

sufficient for the purposes of Stage 0. Further elaboration is envisaged 

at Stage 1, in interaction with the safety studies at this stage; at 

Stage 2 and 3 account should be taken of technological development vork 

on the subject. 

Among the subjects being examined as part of the Belgian research into 

artificial barriers for use in connection with disposal in clay are 

interaction between filling materials and the waste, and corrosion of 

the metal containment. The Committee does not consider it necessary for 

research to be performed into this in the Netherlands, but the Nether

lands should keep abreast of the developements mentioned here. 

5.5 Geology 

As observed in the previous section, the long-term safety of effective 

geological disposal mainly depends on the geological barriers, i.e. the 

host rock itself and the overlying and adjacent strata. Geological 

research is therefore of central importance in the R&D work, and the 

present section not only indicates what geological data are required at 

each stage and what research is necessary to obtain them but also in 

what order the Committee believes that decisions should be taken and 

what factors should, at the minimum, be taken into account in the 

process. The Committee believes that if the other relevant factors, for 

example those derived from the available data and knowledge concerning 

the other relevant disciplines are taken into account when making the 

decisions outlined here, this order of decision-making can be applied to 



- 65 -

the whole of research and development for purposes of geological disposal. 

During the consecutive stages, the character of the geological infor

mation required gradually alters from general (relating to many sites 

and several host rocks) to detailed, extensive and site-specific. 

At Stage 0 for example it is sufficient to determine whether salt and 

clay formations of sufficient size and at practicable depths exist at 

available sites in the Netherlands or under the Dutch section of the 

Continental Shelf. According to present knowledge, this is so (see 

Chapter 4). 

Research at Stage 1 is largely determined by the host rock selected. In 

accordance with what has been said on the subject in Chapter 4, section 

4.2, we shall confine our considerations to salt. At the end of Stage 1 

enough should be known about the potential suitability of Dutch salt 

deposits to make it possible to assess where field research should be 

performed. Preliminary field research at twc sites will take place at 

Stage 2. At Stage 3 one site will be subject to an surface and under

ground survey. 

Among the aspects to be considered at this point are the following: 

(a) the structure of the salt deposits (bedded salt, pillows, 

domes) 

(b) the composition of the salt deposits; 

(c) the tickness, lithology and extensiveness of the superstratum; 

(d) the presence of a caprock, and subrosion history; 

(e) geometry: the depth of the top and base; lateral extension; 

(f) tectonic behaviour; 

(g) geohydrology: permeability, water quality, groundwater flow 

pattern. 

On the basis of existing information it can be decided during Stage 1 

which salt formations in the Netherlands are suitable for further 

investigation at Stages 2 and 3. 
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* 
The Committee recommends doing this as follows : 

(a) Preparation of a three-dimensional model of the north-east Ne

therlands. This should notably represent the salt formations 

themselves and permeable sediments and zones of fracture, 

together vith their composition. 

(b) Reconstruction of the genesis of these salt formations (compare 

Jaritz's study (43) on salt formations in the Federal Republic of 

Germany). Prognosis of future developments in them. 

(c) General evaluation of the salt formations on the basis of the 

results obtained from (a) and (b). Among other things, this should 

be designed to determine whether bedded salt deposits exist in the 

Netherlands which may be suitable for disposal of high-level waste. 

(d) Preparation of three-dimensional models of the subsurface at 

Intermediate depth in the vicinity of suitable salt formations 

which may have been found during study (c), viz. bedded salt, salt 

pillows and salt domes. The most important factor here is the 

retention capacity of the strata concerned, which is primarily 

determined by their permeability and sorption capacity. Uninterrup

ted clay strata generally possess a high retention capacity. 

(e) Reconstruction of the movements of the salt formations studied 

at (d), with the exception of any bedded salt deposits they con

tain, during the Late Tertiary and Quaternary periods. This study 

is intended to fill in the detail of the results of the study 

referred to at (b). The study will conclude with a prognosis of 

uplift of the salt structures. 

* Annex 3 illustrates the geological research process in relation to 

other relevant research processes and the order of decision-making 

described above. A number of major points to be decided are also 

indicated. 
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Together with the results of the rheological, geohydrological, geoche-

mical and mining studies conducted at Stage 1, the results of geological 

studies (a) to (e) will provide a technical basis for an initial-

evaluation of the sites which are potentially suitable. As is wellknown, 

it is primarily the safety aspects which are of great importance in this 

evaluation, although of course technical questions relating to practica

bility will also be taken into account- The evaluation will enable 

potential sites to be placed in order of technical preference (potential 

sites being those where, to judge from the available data, safe disposal 

would be possible). The Committee would observe that problems of physi

cal planning should be identified at this point in view of the choice of 

sites for preliminary field research art Stage 2. The authorities 

responsible for policy are expected to taV.e the necessary steps. 

Field research at Stages 2 and 3 may be divided into two main compo

nents: 

(a)Survey of overlying and adjacent strata 

(b)Survey of the intended host rock itself. 

The survey of overlying and adjacent strata should be conducted first 

because it will yield the data required for a number of geohydrological 

calculations to be performed at this stage (see section 5.3.3) and 

because it will take less time and will cost less than the survey of the 

host rock itself. 

Surveys of this kind could in principle be conducted in the vicinity of 

all potentially suitable formations, although this could result in very 

high costs and long delay. Alternatively, the surveys could be restric

ted to the most promising salt formation. In this case there would be no 

good basis for comparisons to be made in order to enable a decision to 

be taken on whether to conduct a survey of the salt formation itself, a 

task which will take several years and will be costly. The Committee 

therefore recommends conducting somewhat limited field surveys of strata 

overlying and adjacent to two salt formations in stage. It is envisaged 

that these should take the form of three dimensional seismic survey in 

an area of a few dozen km2 around the salt formations combined with a 

total of 5 to 10 medium-depth drillings (to a maximum of around 500 m). 

This will also provide data on the external edges of the salt struc

tures, and possibly even about the internal structure. These data can 
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be used to ch^ck and flesh out the relevant three-dimensional models 

(see d above). 

After this preliminary field research, the Committee expects that 

sufficient geological information will be available for a correct 

decision to be taken as to the site to be looked at in detail in 

the further field survey. What the internal and external survey of 

the chosen site should consist of very much depends on the disposal 

technique and type of formation opted for. 

However, it will at the minimum include the following: 

a. Geohydrological borings in the strata overlying and, if 

relevant, adjacent to the intended host formation (not in the salt 

itself). These are necessary in order to provide geohydrological 

data for precise adjustment of the geohydrological computational 

models, and for the ultimate subrosion and transport calculations 

themselves. Among the relevant data are those relating to 

permeability, porosity, groundwater pressure, gradient, dispersion 

constants, diffusion constants and groundwater age. These borings 

will also yield lithological data and will serve to corroborate and 

add to the information obtained from the seismic survey concerning 

the stratification, fractures and structures of the strata 

overlying and adjacent to the intended host formation. It is 

estimated that around 100 geohydrological borings will be required. 

b. A seismic survey to dertermine in greater detail the geometry of 

the salt formation itself. 

c. Exploratory borings in the salt, preferably at points where it is 

thought that shafts which possibly form part of the disposal 

concept may have to be excavated later. Among other informa

tion, these borings should supply data to corroborate the 

three-dimensional picture of the salt formation built up from 

the seismic survey, and cores which can be analysed to deter

mine their chemical and physical and notably mechanical 

(Theological) properties. 

The number of borings required will depend on the information 

already available when drilling starts or which can be obtained by 

non-destructive means at that time. The latter methods are develo

ping very fast. 
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If relevant (salt dome, salt pillow) the positions of the side edges of 

the salt formation will be demonstrated, possibly by means of a number 

of deviated borings from the outside, penetrating only a few metres into 

the salt (flank borings). With these data the three-dimensional model, 

obtained from the seismic survey, can be corrected. 

If the subject of the survey is a dome, it may be desirable to make a 

few borings through the caprock to just inside the salt. How many 

borings are required (if any) will depend on the one hand on the desire 

to obtain maximum information about the top of the salt formation, and 

on the other hand on the necessity of limiting the number of borings 

into the salt in order to avoid jeopardising the possibilities of safe 

disposal in it. 

The underground survey of bedded salt or salt pillows will be restricted 

to exploration drillings and non-destructive research from the surface 

and from the borings. Survey of the internal structure of a dome, aimed 

at the possible construction of a mine for disposal should be conducted 

from an exploration shaft and galleries because of the expected comple

xity of the internal structure. The survey will comprise taking samples, 

borings and non-destructive research, such as seismic survey, radar and 

sonar. The design and construction of exploration shafts and galleries 

should facilitate the possible construction of a mine for disposal in a 

later stage. If it is decided on the basis of the results of the under

ground survey and the subsequent final evaluation of the site that 

actual disposal will take place, the exploration shaft and galleries 

already constructed will be an important part of the mine for disposal. 

5.6 General studies and research 

This section indicates a number of studies and surveys which are 

necessary but which are not directly related to the subject areas dealt 

with in the preceding sections. 

5.6.1 Following and evaluating relevant research abroad 

Naturally, relevant foreign literature will be taken into consideration 

as much as possible in the individual surveys and research projects. 
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However, it will not be possible to undertake a full, systematic litera

ture study in each case. Moreover, works of broad scope may not go into 

sufficient depth am.' therefore may not be of much interest to the 

specialists conducting such literature studies, whereas the same works 

may be of considerable use in evaluating experience abroad in the light 

of the Dutch situation. 

For the above reasons the Committee considers it essential that a broad 

literature study be performed in order to provide access to relevant 

information from abroad. 

5.6.2 Radiological criterion 

As mentioned in Chapter 2, it will be possible to make a final assess

ment of the results of a safety analysis only when a formal criterion 

has been established. During the first Stage it is possible to make do 

with general norms (e.g.the 1CRF recommendations (4.1)). As safety 

studies gradually proceed from the general to the specific (relating 

first to type of rock, then to type of formation ai i eventually to a 

specific site), it becomes more necessary to have a criterion which is 

accepted in the Netherlands. A radiological criterion shoulc therefore 

be formally established during Stage 1. Until then, general norms or 

perhaps ones which are applied in other countries should be used. 

5.6.3 Preferences on which to base decisions-in-principle 

Each decision-in-principle which is taken during the process of research 

and development is based on considerations which together add up to an 

order of preference. Without wishing to formulate these considerations 

in explicit and absolute terms, the Committee believes that the process 

of establishing an order of preference should be as transparent as 

possible and that it would be advisable to formulate the most important 

of these considerations in qualitative terms. It is to be considered to 

what extent the ICK-criteria (50), be it in a relative form, could be 

helpfull in formulating these preferences. The results of studies 

(including safety studies) which have already been conducted are the key 

to them. As Annex 3 shows, this is not a matter of establishing criteria 

by means of which to assess a storage concept but of working out 
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considerations on the basis of which an order of preference can be 

established for options for further research. 

5,6.A Evaluation of changes in external parameters 

If major changes occur in the nature and quantities of the waste to be 

disposed of, the consequences for the options currently under study must 

of course be investigated. Possibilities here are geological disposal of 

spent fuel, use of SYNROC instead of borosilicate glass, etc. Conse

quences for the options under study should also be investigated if new 

technical information relating to geological disposal is obtained. 

5.7 Relationship with the research proposed by the ICK in 1979 

In the "Report on the feasibilities of radioactive waste disposal in 

salt formations in the Netherlands" (50) published in 1979 by the 

Interdepartmental Nuclear Energy Commission (ICK) before the start of 

Public Debate on Energy Policy the necessity of further research for a 

decision about actual disposal was indicated. Both in the programme 

presented here and in the ICK report, the geological and the preceding 

geohydrological field research play a dominant part. There are clear 

differences however as to the size, the structuring and the scheduling. 

Besides the underlying proposal comprises some desk-studies that should 

precede the field research. A number of •these studies was already 

envisaged in 1979, although not mentioned explicitly in the programme. 

In this context a further elaboration and evaluation of available data 

regarding potentially suitable sites can be mentioned. Therefore these 

studies may be considered as a further development of the 1979-program-

me. Other studies are considered relevant now in contrast to that year, 

because some external conditions have changed. For instance, it is not 

sure at the moment that the quantities of waste, mentioned in the ICK-

report, actually will have to be disposed of. This could have conse

quences for the disposal design possibly to be realized. Furthermore the 

results of the recent research axe important for the developments of 

opinion as to the research necessary in the future. The Public Debate on 

Energy Policy also has had influence on this. 
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Some important differences between both programmes are mentioned 

explicitly, and short?y explained below. 

The underlying programme comprises a comparative study of some 

conceptual disposal designs in salt. The Committee included 

this study in the programme, on the one hand in view of the 

required possibility of adjusting the disposal design to the 

quantities of '*aste to be disposed of, and on the other hand 

in order to base the choice of the option for further develop

ment on equivalent information for each option. The selection 

of potentially suitable sites is partly dependent on the 

choice of disposal concept. This is also a reason for under

taking such a comparative study. The procedure for selecting 

sites for further examination is elaborated and illustrated as 

compared to 1979. According to the current view, after an 

evaluation of the available data two sites should be chosen 

for preliminary geological and geohydrological field research, 

comprising moderately deep borings (not into the salt) and 

seismic research from the surface. Consequently it will be 

established whether one of these structures, and if so which 

one, is suitable for further survey from the surface and 

underground. Only at this stage exploration borings in the 

salt are foreseen. The reason for this is related to the wish 

for minimisation of perforations in the salt structure; one of 

the ways to realize this is planning the exploration borings 

in the salt at places where a shaft may be constructed at a 

later stage. Therefore data are needed, to be yielded by the 

beforementioned geological and geohydrological research. 

Thereabove a thourough survey of all potentially suitable 

structures would be extremely time and money consuming. The 

Comcittee has the opinion that in every respect the proposed 

procedure for selecting a site for surface and underground 

survey is a sound one. 

According to generally accepted views on the subject, the 

integral approach and test of the disposal design is of 

central importance in the programme. Consequently, more 

attention is paid to the secondary barriers such as the 

overlying and adjacent strata. This of course has consequences 

for the programme, particularly for the geohydrological 

research. 
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Chapter 6. Summary of the current state of knowledge and research 

required per stage and field 

1. SAFETY STUDIES 

Stage 0. 

General studies indicate that safe disposal is possible 

in the deep subsurface; this applies to clay and salt as 

host rocks. Dutch study of methods of waste disposal in 

salt confirm this conclusion for the mining method 

studied. A simular study has been conducted in Belgium 

for disposal in clay. 

Current research (PAGIS) helps indicate the direction 

which further R&D work should take. Sufficient data now 

available for selection of host rock. 

Stage 1. 

Host rock: salt. 

Comparison of short and long-term safety aspects of 

methods for the relevant combinations of technique and 

type of formation, e.g.: 

mine in salt dome (low, medium and high-level waste) 

borings from surface into bedded salt, pillow or 

dome for high-level waste, in combination with a 

dumping cavern for low and medium level waste). 

Continuation of PAGIS. 

Host rock: clay. 

Evaluation and reinterpretation of Belgian safety study 

for disposal in clay, extrapolated to the Dutch 

situation. 

Stage 2. 

Host rock: salt. 

Comparison of potential sites on basis of existing 

external data relating to salt structures and adjacent 

strata, prior to seismic survey and mediumdepth borings 

as indicated at 2.2.A.4, Stage 3, b and c, and 4.2.A, 

Stage 3, a and b. 
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Comparison of the most suitable sites on the basis of 

existing and new data (see 2.2.A.4, Stage 2, b and c, and 

4.2.A, Stage 2, a and b). 

Host rock: clav. 
-

Impossible to foresee at present. 

Stage 3. 

Host rock: salt. 

Final safety analysis on the basis of data for a specific 

site after completion of all research for the site. 

Host rock: clav. 

Impossible to foresee at present. 

2. NATURAL BARRIERS 

2.1. RHEOLOGY 

2.1.A. HOST ROCK: SALT 

2.1.A.1, ELASTIC BEHAVIOUR 

Sta?e 0. 

Good general description and data for all relevant 

conditions available. No new Dutch research required. 

Stage 1, stage 2. 

See 2.I.A.I. Stage 0. 

Stage 3, 

Check lata used hitherto against results of internal 

survey. 

2.1.A.2. BRITTLE BEHAVIOUR 

Stage 0. 

Good general description available; further research i?. 

progress. (Braunschweig, Sandia Laboratories etc.). No 

new Dutch research required. 

Stage 1, stage 2. 

Existing description sufficient. No new Dutch research 

required. 
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Stage 3. 

See 2.I.A.I. Stage 3. 

2.1.A.3. TRANSITION FROM BRITTLE TO CREEP BEHAVIOUR 

Stage 0. 

After completion of current research (inc. Utrecht 

University, Delft University of Technology, Braunschweig, 

Hannover, Sandia), a good general description should be 

possible. 

Stage 1, stage 2. 

Sufficient information available after completion of 

Stage 0 research. 

Stage 3. 

See 2.1.A.1. Stage 3. 

2.1.A.4. CREEP 

Stage 0. 

Short-term creep (50 yrs) can be described well in 

general terms. Checks with the aid of in-situ 

measurements currently in progress (ECN). Long-term creep 

behaviour should be adequately described after completion 

of current research (Utrecht University, Delft University 

of Technology). 

Stage 1, stage 2. 

Sufficient information available after completion of 

Stage 0 research. 

Stage 3. 

See 2.I.A.I. Stage 3. 

2.1.A.5. INFLUENCE OF BRINE ON MECHANICAL BEHAVIOUR 

Stage 0. 

Good general description should be possible after 

completion of current research (Utrecht University). 
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Stage 1. 

Limited laboratory tests may be necessary; depends partly 

on results of Stage 0 research referred tc at 1 and 

2.1.A.5. 

Stage 2. 

Sufficient information available after completion of 

Stage 1 research. 

Stagfc 3. 

See 2.I.A.I. Stage 3. 

2.I.A.6. RATES OF UPLIFT OF DIAPIRS 

Stage 0. 

Adequate description possible and sufficient data 

available for general studies. 

Stage 1. 

Reconstruction of genesis of salt structures in the 

Netherlands and overall prognosis of future developments, 

see also 4.2.A. Stage 1 (b). 

Stage 2, stage 3. 

Check on rates of uplift of salt structure, internal and 

external surveys of which are required, on the basis of 

site data obtained from site assessment (reconstruction 

of rates in the past and prognosis of residual rates of 

uplift) including evaluation of techniques applicable. 

2.1.A.7. INFLUENCE OF INTERNAL AND EXTERNAL HETEROGENEOUS 

ELEMENTS ON MECHANICAL BEHAVIOUR 

Stage 0. 

Sufficient information available for general studies. 

Stage 1. 

Adaptation of computation programmes. Sufficient data 

available for initial evaluation. Calculation of 

consequences of heterogeneous elements for mechanical 

behaviour. 
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Stage 2. 

Sufficient information available after completion of 

btage 1 research. 

Stage 3. 

If necessary, collect data during internal survey of 

selected salt structure, and evaluate them. 

This forms part of the geological site assessment (A.2.A. 

Stage „). 

2.I.B. HOST ROCK: CLAY 

2.I.B.I. MECHANICAL BEHAVIOUR 

Stage 0. 

Further research required into rate of convergence of 

borings and extent to which cracks caused by mining close 

up and become watertight. No Dutch research required. 

However, relevant Belgian research should be followed. 

Stage 1. 

Can only be determined after a positive result has been 

obtained from Stage 0 research. 

Stage 2, stage 3. 

Impossible to foresee at present. 

2.2. HYDROLOGY 

1.2.A. HOST ROCK: SALT 

2.2.A.I. DEVELOPMENT OF HYDROLOGICAL COMPUTER MODELS 

Stage 0. 

Sufficiently advanced after completion of current 

research (National Institute of Public Health and 

Environmental Hygiene, RIVM). 

Stage 1, stage 2, stage 3. 

Models developed during Stage 0 provide an adequate 

description. 
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2.2.A.2. PHYSICAL AND MATHEMATICAL CHECKING OF COMPUTER MODELS 

Stage 0. 

Comparison with similar models developed elsewhere; 

participation in international project desirable 

(preferably in one already under way). 

Stage 1, stage 2, stage 3. 

Checks performed at Stage 1 sufficient. 

2.2.A.3. CHECKING OF COMPUTER MODELS AGAINST FIELD 

OBSERVATIONS 

Stage 0. 

Models should be checked against field observations for a 

specific hydrological system. The hydrological situations 

to be observed should preferably be selected in 

international consultation and need not to be located in 

the Netherlands. 

Stage 1. 

Models should be checked against field observations from 

a specific region; these should relate to (inter alia) 

permeability, porosity, groundwater pressure, gradient, 

dispersion constants, diffusion constants, dating, 

stratification, fractures, structure. It is thought that 

sufficient data are available. 

Stage 2. 

Models should be checked against field observations from 

a specific site. This requires hydrological exploration 

borings and seismic observations in an area around and 

above the salt structures selected for further external 

surveys: these should be performed in conjunction with 

the geological survey; see 2.2.A.A Stage 2. 

Stage 3. 

Models should be checked against field observations from 

a specific site. This requires hydrological exploration 

borings and seismic observations in an area around and 
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above the salt structures selected for further external 

surveys: these should.be performed in conjunction with 

the geological survey; see 2.2.A.4 Stage 3. 

2.2.A.4. HYDROLOGICAL FIELD DATA 

N.B. 'ïhe geohydrological transport and subrosion calculations 

in which the field data referred to here are used, form 

part of the safety studies referred to at 1, Stages 1, 2 

and 3. 

Stage 0. 

The calculations required at this Stage (transoort and 

subrosion) can be made accurately enough with the field 

data now available concerning permeability and porosity. 

Stage 1. 

Field data available should be sufficient for 

calculations of transport and subrosion and for checking 

purposes; if so, further processing will be necessary to 

provide input parameters suitable for use in the model 

calculations. 

Stage 2. 

a. Sensitivity calculations using computer models to 

determine best locations for seismic survey and 

hydrological borings. 

b. Seismic surveys of the salt structures selected foz 

further external survey, to determine stratification, 

fractures and structures. This survey coincides with the 

survey referred to at 4.2.A. Stage 2, a. 

c. Hydrological survey borings (not into the salt) around 

and above the sites selected for futher external survey; 

estimated number: 5 to 10, but the number will follow 

from sensitivity calculations and from data already 

available; see 4.2.A. Stage 2, b. 

d. Comparison of the most suitable sites, in conjunction 

with 4.2.a. Stage 2, c. 

http://should.be
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Stage 3. 

Medium-depth borings to a depth of around 500 m (not into 

the salt) at the salt structure selected for surface and 

subsurface survey (some 100 borings). These will coincide 

with the borings referred to at 4.2.A. Stage 3, a. 

2.2.A.5. HYDROLOGICAL SURVEY METHODS 

Stage 0. 

Not applicable; no new data required; see 2.2.A.4. 

Stage 0. 

Stage 1. 

Surveys and evaluation of developments abroad, notably as 

regards techniques for dating groundwater remaining in 

situ for long periods. 

Stage 2, stage 3. 

After completion of the said Stage 2 activities, adequate 

survey methods will be available. 

2.2.B. HOST ROCK: CLAY 

2.2.B.I. DEVELOPMENT OF COMPUTER MODELS 

Stage 0. 

Sufficiently advanced, see 2.2.A.I. Stage 0. 

Stage 1. 

No Dutch R&D work required. Belgian research on the 

subject should be followed. 

Stage 2, stage 3. 

See 2.2.A.I. Stage 2 and 3. 

2.2.B.2. CHECKING 

Stage 0. 

See 2.2.A.2. and 2.2.A.3. Stage 0. 
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Stage 1. 

See 2.2.A.2 and 2.2.A.3. Stage 1. No Dutch research 

required, but Belgian research should be followed. 

Stage 2, fase 3-

If the clay option is developed in the Netherlands: see 

2.2.A.2 and 2.2.A.3. Stage 2 and 3. 

2.2.B.3. HYDROLOGICAL FIELD DATA 

Stage 0. 

See 2.2.A.4. Stage 0. 

Stage 1. 

Sufficient field data expected to be available; if so, 

part of them should be processed into input parameters 

suitable for the models. 

Stage 2, stage 3. 

See 2.2.A.U, Stage 2 and 3, Extent comparable to that of 

Belgian hydrological survey programme. 

2.2.B.4. HYDROLOGICAI SURVEY METHODS 

Stage 0. 

Not applicable, as no new data required. See 2.2.B.3. 

Stage 0. 

Stage 1. 

No Dutch R&D work required. Belgian research should be 

followed. 

Stage 2, stage 3. 

Adequate survey methods should be available after 

completion of Stage 1. 

2.3. GEOCHEMICAL ASPECTS OF RADIONUCLIDE TRANSPORT IN THE SUBSURFACE 

Stage 0. 

Sufficient information is now available for the 

calculations required at this stage. Current research at 

the National Institute of Public Health and Environmental 
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Hygiene (RIVM) is intended to reduce further the margin 

of uncertainty in calculations of migration (applicable 

to clay as a host rock and as a covering mineral over 

salt formations). 

Stage 1. 

Host rock: salt. 

The relative significance of migration through overlying 

and adjacent strata and the retention by geochemical 

effects follows from studies as referred to at 1. 

Sufficient information should be available after 

completion of current research (National Institute of 

Public Health and Environmental Hygiene). 

Host rock: clay. 

Sufficient information available after completion of 

Stage 1 research. Belgian research should be followed, 

however. 

Stage 2, stage 3. 

Host rock: salt. 

Laboratory tests of geochemical properties of strata over 

and around the salt formation selected for international 

and external survey. 

Host rock: clay. 

If clay option is developed in the Netherlands: research 

into geochemical properties of the intended host 

formation itself and of overlying strata. 

2.4. BIOSPHERE MODELS 

N.B. The use of these models is incorporated in the safety 

studies referred to at 1, Stages 1, 2 and 3. 

Stage 0. 

Adequate models and sufficient data now available. 

Further development of models in progress in England. The 

Netherlands should follow this work; no Dutch research 

required. 

Stage 1. 

Adequate models and sufficient data available. 
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Stage 2, stage 3. 

See 2.4. Stage 1. 

2.5. RADIATION DAMAGE 

2.5.A. Host ROCK: SALT 

Stage 0. 

Irrelevant at this Stage, as previous research has shown 

that such damage can be prevented by simple means. 

Stage 1. 

Evaluation of recent studies (Groningen University, ECN). 

Limited tests on influence of recrystallisation on 

damage. 

Assessment of necessity of extra containment around 

canister, and extent to which necessary (if necessary, 

development of containment, see 3.2.A. Stage 1); 

assessment of necessity of further experimental research 

on radiation damage (performance of such research if 

necessary). 

Stage 2. 

Determination of most economic methods of providing the 

required technical facilities. 

Stage 3. 

Determination of aost economic methods of providing the 

required technical facilities. 

2.5.B. HOST ROCK; CLAY 

Stage 0. 

Irrelevant at this Stage, as damage can be prevented by 

technical means. 

Stage 1. 

Qualitative research has been performed in Belgium. 

Quantitative research is currently in progress 

(radiolysis, decomposition of organic fraction and 
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reduction of sorption capacity as a result of radiation). 

No Dutch research required: Belgian research should be 

fcllowed. 

Stage 2, stage 3. 

Cannot be foreseen at present. 

3. ENGINEERING 

3.1. MINING ENGINEERING 

3.1.A. HOST ROCK: SALT 

Stage 0. 

General mining engineering techniques (e.g. drilling 

holes from surface, excavation of mine with shaft and 

passages, construction of cavities by solution mining, 

drilling and blasting) sufficiently advanced. Special 

technique (dry drilling of holes for disposal of 

high-level waste) under development (ECN). 

Stage 1. 

Comparison using general preliminary descriptions of 

various combinations of technique and type of formation, 

e.g.: 

mine in salt dome 

borings in bedded salt, pillow or dome for 

high-level waste in combination with wet or dry 

cavern for low and medium-level waste. 

Participation in German experimental disposal project in 

the Asse mine. 

Stage 2, stage 3. 

Further development of design of disposal facility. 

Continued participation in Asse experimental disposal 

project. 

3.I.B. HOST ROCK: CLAY 

Stage 0, 

Experimental research into technical feasibility and 

techniques to be used is in progress in Belgium. No Dutch 
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St^ge 1. 

If necessary, development of a safe and technically 

feasible disposal concept. 

Stage 2, stage 3. 

If necessary, furtner development of disposal facility. 

3.2. ARTIFICIAL BARRIERS 

3.2.A. HOST ROCK: SALT 

3.2.A.I. SOLIDIFICATION MATRIX 

Stage 0. 

Borosilicate glass now generally accepted and used. 

Sufficient information available concerning short and 

long-terE behaviour. (SYNROC: see point 5). 

Stage 1, stage 2, stage 3. 

Sufficient information available. 

3-2.A.2. WASTE CONTAINER 

Stage 0. 

Extr- containment around stainless steel canister may be 

necessary in order to withstand rock pressure. In view of 

the choice of host rock, sufficient information 

available. 

Stage 1. 

If necessary, development of extra containment for 

reinforcement and/or to limit radiation damage. Corrosion 

tests in connection with containers to withstand rock 

pressure are under way in Germany, England and the USA. 

Stage 2, stage 3. 

If necessary, determination of most economic containment. 
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3.2.A.3. FILLING AND SEALING OF BORINGS, MINE PASSAGES AND 

SHAFTS 

Stage 0. 

Preliminary plans for sealing drillings available; 

sufficient at this stage. 

Stage 1. 

Development of concepts, see also 3.1.A. Stage 1; 

interaction with safety studies as referred to at 1, 

Stage 1. 

Stage 2, stage 3. 

Technological development work with a view to possible filling 

of spaces between canister all of borehole, sealing of 

borings and fillings of passages and shafts. 

3.2.B. HOST ROCK: CLAY 

Stage 0. 

Research into interaction between filling materials and 

waste; corrosion studies. Belgian research is in progress 

and should be followed. No Dutch research required. 

Stage 1. 

Evaluation of Stage 1 research Technical development 

work. No Dutch research required. 

Stage 2, stage 3. 

Cannot be foreseen at present. 

4. GEOLOGY 

4.1. GEOLOGICAL SURVEY METHODS 

4.1.A. HOST ROCK: SALT 

Stage 0. 

Not applicable, as sufficient data available, see 4.2.A. 
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Stage 1. 

Assessment of extent to which salt structures can be 

adequately internally mapped using existing techniques. 

Evaluation of German and American experience of 

nondestructive methods, and obtainment of own experience 

of them. 

Stage 2. 

Methods and general operational plans available after 

completion of Stage 1 research ad 4.1.A and 4.2.A. 

Application of these techniques, see 4.2.A stages 2 

and 3. 

Stage 3. 

Methods and general operational plans available after 

completion of Stage 1 research. Application of these 

techniques, see 4.2.A. Stages 2 and 3. 

4.I.B. HOST ROCK: CLAY 

Stage 0. 

Not applicable; see 4.2.B, Stage 0. 

Stage 1. 

Adequate techniques available. 

Stage 2, stage 3. 

Taken entry. 

4.2. GEOLOGICAL FIELD EATA 

4.2.A. HOST ROCK: SALT 

Stage 0. 

Sufficient data available 

Stage 1. 

(a) Preparation of a 3-dimensional model of the deep 

subsurface of the ncrth-east Netherlands on the basis of 

existing data (deep drilling, seismic surveys) notably 

with reference to the presence of rock salt formations, 

permeable sediments and zones of fracture. 
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(b) Reconstruction of genesis of salt formations in the 

Netherlands and general prognosis of future development. 

(c) General evaluation of salt formations in the Netherlands 

on the basis of (a) and (b), cne aim being to assess the 

potential suitability of bedded salt in the Netherlands. 

(d) Using existing data, prepare 3D models of the 

medium-depth subsurface in the vicinity of a number of 

potentially suitable salt formations, partly in order to 

determine whether thers are strata with slight 

permeability and/or high sorption capacity. 

(e) Reconstruction of the movements of a number of salt 

formations during the Late Tertiary (Neogene) and 

Quaternary (i.e. filling in details of the reconstruction 

of genesis as referred to at (b), Stage 1) and prognosis 

of the degree of uplift in the future. 

Stage 2. 

(a) 3D seismic survey of the salt structures selected for 

further surveying principally at depths of less than 

1000 m. 

(b) Five to ten medium-depth drillings (to around 500 m) at 

salt structures selected for further survey. These 

drillings should not extend into the al; . In combination 

with seismic survey as referred to at (a), Stage 2, these 

drillings serve to provide further details for the 

3D models referred to at (d), Stage 1. 

(c) Comparison of the most suitable sites on the basis of 

external data (see 1, Stage 2). 

Stage 3. 

(a) Medium-depth borings to a depth of around 500 m (about 

100 drillings) at the salt formation selected for 

internal and external survey, partly in order to obtain 

the required geohydrological data. These drillings should 

not extend into the salt. 

(b) Seismic survey to determine details of the geometry of 

the selected salt formation. 
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(c) If necessary, borings in order to map the caprock and the 

immediately underlying salt of the salt formation 

selected for internal and external survey. 

(d) Borings to locate the flanks of the selected formation 

(approx. 4). 

(e) Exploratory borings in the salt at the site where it is 

intended that a shaft may be constructed. 

(f) Underground survey. 

4.2.B. HOST ROCK: CLAY 

Stage 0. 

Sufficient data available in open literature. 

Stage 1. 

Sufficient data available in open literature. 

Stage 2. 

Cannot be foreseen at present. 

Stage 3. 

Cannot be foreseen at present. 

5. GENERAL STUDIES AND RESEARCH 

5.1 Constantly follow and evaluate relevant research abroad, including 

that performed by other countries in EC and NEA programmes, with 

which the Dutch programme has been coordinated, in so far as this 

is necessary to supplement literature studies carried out as part 

of individual projects (all stages). 

5.2 Formulation of a radiological criterion (Stage 1). 

5.3 Overall formulation of preferences on which to base decisions in 

principle to choose disposal options and concepts (Stages 1 and 2). 

5.4 Evaluation of changes in the technical state of the art and/or in 

the quantities and nature of the waste to be stored (e.g. SYNROC as 

solidification material, or disposal of spent fuel instead of 

high-level waste). 
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Chapter 7. Costs and planning 

The time schedule indicated in this Chapter has been set up on the basis 

of technical and scientific considerations relating to the quality and 

continuity of the research, and in coordination with international 

programmes. 

In drawing up the indicative plan shown in Table 7.1 the Committee 

proceeded on the assumption that the research still to be performed 

woulc commence in mid 1984. As the Table shows, the duration of the 

Stage 1 research is estimated at two years. After completion of Stage 1, 

sufficient information is expected to be available to allow the choice 

of disposal concept and type of formation to be made. At that moment, 

however, not all the elements of research begun in Stage 0 and 1 will 

have been completed. These elements include in particular the 

development of a dry-drilling technique (the 600 m hole) and 

participation in the demonstration disposal of high-level waste in the 

Asse mine. This will not represent any drawback in making the 

above-mentioned choice, because it is anticipated that the information 

resulting from these studies, in so far as it is relevant to this 

choice, will nevertheless be available in basic form by mid 1986. 

The Table also states the expected costs of the proposed research. These 

costs are based on the 1984 price level and are expressed in 1984 

guilders. For Stage 1, the total amount is estimated around 

fIs. 17 million. 

If it is clear by mid 1986 what combination of disposal concept and type 

of formation will require further study in Stage 2, the preliminary 

field survey (three dimensional seismic surveying and 5 - 1 0 

geohydrological borings at, say, two salt structures) to be performed in 

that stage can be started in the course of 1986. The preliminary field 

survey and relat- ' studies are likewise expected to require 

approximately two ye.is. After their completion, it is anticipated that 

sufficient technical information will be available to choose the site 

for further above- and underground exploration. 

The total costs of the preliminary field survey are estimated at arounc 

fIs. 20 million. 
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At the present time, it is not yet possible to make any definite 

statements with regard to the planning and costs of the further 

above- and underground exploration of the designated salt structure in 

Stage 3, since the site of that survey is of course still unknown, as is 

the type of formation involved. Consequently, it is at present not clear 

what survey methods will be applicable. However, it appears justified to 

expect this stage of the research to take over ten years in total. 

This planning schedule disregards the possibility of any additional time 

requirements due to physical planning factors, administrative 

decision-taking processes, licencing procedures etc. because the 

Committee considers that such aspects do not come within its ambit. The 

Committee nevertheless considers it desirable that these aspects should 

receive attention in parallel with the research programme presented 

here. In other respects, the programme presented in this report should 

be regarded in relation to the associated time schedule. If for any 

reason substantial variances from this schedule should occur, the 

programme will have to assessed for applicability in the new situation 

then arising. 

The Committee has also left out of account the possibility of the 

existing research institutes running short of duly specialised 

researchers as a result of several components of the research programme 

being planned simultaneously in a number of specialisms. Furthermore the 

Committee points to the need for early attention to be given to the 

organization structure which is required for the purpose of carrying out 

a programme as proposed here. 

Table 7.1 below gives an indication of the planning and costs for the 

current research and for the research still to be performed in Stage 1 

and 2. In view of the uncertainties outlined above, Stage 3 is not 

included. 
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Table 7.1 

Indication of planning and costs up to and including Stage 2. (See 
comment on page 3). 
The cost indications are shown in trackets, in millions of guilders 
(1984 price level, 1984 guilders). 

Years 

Stage 0 (Principally current 
research) 

Safety studies (0.3) 
- Pagis, current 

Rheology (6.0) 
- Convergence and pressure 
measurements 
300 m hole, current 

- Fluid-rock interaction, 
current 

Hydrology (0.7) 
- RIVM transport research, 
current 

- International verification 
of hydrologicai model 

Geochemical aspects of 
radionuclide transport (0.3) 
- RIVM migration research, 
current 

flirang engineering (4 - 5) 
- 600 m boring in Asse mine, 
current 

84 85 

Stage 1 (approx. 17) 

Safety studies 
- Pagis, new 
- Safety studies relating 
to specific designs 

(0.4) 

(0.9) Rheology 
- Effect of brine on 
mechanical behaviour 

- Modification of computer 
program/heterogenei:y 

- Computations of mechanical 
behaviour/heterogeneity 

(1) 

86 87 88 89 90 91 

(1) * Choice of host rock 
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! 

d5 i 86 87 88 89 

;Hydrology (1.7)j 
;- Verfication of model ! 

against field observations i 
:- Elaboration of existing I 

field observations 
i- Improvement of surveying j 
• techniques j 

! | 
[Radiation damage to salt (0 1)| 
•- Recrystallization research I 

iMining Engineering/artificial 
[barriers (10.6) 
j - Elaboration of preliminary 
j desigt 
'- Participation in Demonstration 
j disposal project at Asse 
j- Development of overpack 

Geology (1.5) 
- Three-demensional model 
of deep subsurface 

Reconstruction of genesis 
Overall evaluation of 
Dutch salt 
Three-demeasioaal model of 
intermediate deep subsurface 
Reconstruction of movements 
in Late Tertiary etc. 
Developments of methods for 
internal mapping of salt 
structures 

90 91 

Stage 2 (approx. 20) (2) 

Safety studies (0,5) 
- Comparison of sites based 
on external data 

* Comparison of most suitable 
sites 

(2) s Choice of technique and 
type of formation 
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i 84 
l 

• 

85 8b 87 88 89 90 91 

(Hvdrology/Geologv 
; 

I 
V 

1 

i 
i 

t 

i 
1 
i 

(15.4 - 16.4) 
- Preliminary hydrological 
; computations 
- Three-demensional seismic 
surveys of two structures 

- 5 - 10 medium-deep borings 
at two structures 

- Determination of hydrologiral 
and geochemical parameters 
based on boring and seismic 
data 

i Mining engineering/artifical 
i barriers (2) 
- Elaboration of design 
including technical * 
development work on 
artifical barriers 

; 

I 
V 

1 

i 
i 

t 

i 
1 
i 

(15.4 - 16.4) 
- Preliminary hydrological 
; computations 
- Three-demensional seismic 
surveys of two structures 

- 5 - 10 medium-deep borings 
at two structures 

- Determination of hydrologiral 
and geochemical parameters 
based on boring and seismic 
data 

i Mining engineering/artifical 
i barriers (2) 
- Elaboration of design 
including technical * 
development work on 
artifical barriers 

; 

I 
V 

1 

i 
i 

t 

i 
1 
i 

(15.4 - 16.4) 
- Preliminary hydrological 
; computations 
- Three-demensional seismic 
surveys of two structures 

- 5 - 10 medium-deep borings 
at two structures 

- Determination of hydrologiral 
and geochemical parameters 
based on boring and seismic 
data 

i Mining engineering/artifical 
i barriers (2) 
- Elaboration of design 
including technical * 
development work on 
artifical barriers 

(15.4 - 16.4) 
- Preliminary hydrological 
; computations 
- Three-demensional seismic 
surveys of two structures 

- 5 - 10 medium-deep borings 
at two structures 

- Determination of hydrologiral 
and geochemical parameters 
based on boring and seismic 
data 

i Mining engineering/artifical 
i barriers (2) 
- Elaboration of design 
including technical * 
development work on 
artifical barriers 

(15.4 - 16.4) 
- Preliminary hydrological 
; computations 
- Three-demensional seismic 
surveys of two structures 

- 5 - 10 medium-deep borings 
at two structures 

- Determination of hydrologiral 
and geochemical parameters 
based on boring and seismic 
data 

i Mining engineering/artifical 
i barriers (2) 
- Elaboration of design 
including technical * 
development work on 
artifical barriers 

General studies and research 
(3) 

- Following relevant 
internationa] research 

- Radiological criterion 
- Preferential considerations 
- Evaluation of changes in 
external boundary conditions 

(3) 

- Following relevant 
internationa] research 

- Radiological criterion 
- Preferential considerations 
- Evaluation of changes in 
external boundary conditions 

~~7 

- Following relevant 
internationa] research 

- Radiological criterion 
- Preferential considerations 
- Evaluation of changes in 
external boundary conditions 

~~7 

- Following relevant 
internationa] research 

- Radiological criterion 
- Preferential considerations 
- Evaluation of changes in 
external boundary conditions 

~~7 

(3) = ->ice of site 

Note 

In drawing up the above planning schedule, it has been assumed that a 

sufficient number of specialists will be operationally available to 

allow a number of studies to be undertaken simultaneously within a given 

specialism. Furthermore, the possibility of any additional time 

requirements due to physical planning factors, administrative 

decision-taking processes, licensing procedures etc. have been 

disregarded, because the Committee considers that such aspects do not 

lie within its ambit. The Committee nevertheless considers it desirable 

that these aspects should receive attention in parallel with the 

technical research outlined here. 
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APPENDIX 1. WASTE FLOWS 

Quantitative data on the volume of nuclear waste for disposal in 

Holland. 

Basic assumption: Borssele and Dodevaard power stations reaain 

operational, total lifetime 30 years. 

Annual volume of low- and medium-level waste from the Netherlands (51) 

Cemented in 200 litre drums 490-600 m3 

In 1000 litre B containers 480 m3 

Annual volume of technological reprocessing waste, high- and low-level 

(according to statement by Cogema on 15th September 1981 and assuming 

12 tons of PZEM waste per annum) 

High-level waste in 200 litre drums 0.1 m3 

High-level waste in 220 litre drums (bitumin.ised) 6.4 m3 

High-level waste in 1430 litre drums (cemented) 8.6 m3 

High-level waste in 400 litre drums (cemented) 36.8 m3 

Medium-level waste in 400 litre drums (cemented) 1.6 m3 

The annual volume of technological reprocessing waste for operation of 

the Dodewaard Power station is estimated at 15% of the volumes for the 

PZEM power station. 

Annual volume of rjclear fission waste originating from PZEM power 

station. 

Nuclear fission waste in 200 litre canisters 2 m3 

Annual volume of nuclear fission waste for operation of the Dodewaard 

power station is estimated at approx. 15% of the quantity of the PZEM 

power station. 
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Note 

With a view to its handling, a restriction must be imposed on waste for 

bulk disposal with regard to the radiation dose rate ?t the surface of 

the pack. In the case of bituminised high-level waste, the additional 

limitation has to be imposed that the bitumen may not become hotter than 

80°C. 
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APPENDIX 2 CURRENT RESEARCH WITHIN THE OPLA FRAMEWORK 

1. Safety studies 

1.1 Participation in safety studies coordinated by the European 

Commission (PAGIS) 

Research institute: ECN (Netherlands Energy Research Foundation) and 

RIVM (National Institute for Public Health and Environmental Hygiene). 

The Dutch participation in PAGIS amounts broadly to: 

calculation of subrosion rate (= speed at which dissolving in 

flowing groundwater takes place) of a notional salt dome 

exemplifying a situation in the Dutch subsurface, and calculation 

of the period of time during which the isolation shield around a 

repository remains intact. This model also allows for the effect of 

the changing density of the groundwater caused by the stAt entering 

into solution. 

preliminary studies of those components of a repository which carry 

the greatest weight in the safety study. The basic purpose of these 

preliminary studies is one of refinement; they are therefore 

extremely interactive with the short- and long-term safety 

considerations forming part of the PAGIS study. 

Duration: through 1984. 

Project costs: approx. fIs. 0,3 million. 

2. Rheology 

2.1 Influence of fluid-rock interaction on the rheology of rock salt 

and on ionic transport 

Research institute: State University of Utrecht. 

This study is directed at the following phenomena: 

rheology (mechanical flow) and dilatancy (change in volume due to 

fracturing during deformation) in dry rock salt under varying 

conditions of stress and temperature. 
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The effect of water on the rheological and dilatancy properties of 

natural rock salt. 

Ionic transport in rock salt during and after deformation in the 

presence of water. Substances studied include Cs, Sr and actinides. 

The research programme includes a comprehensive range of tests with 

natural salt samples carried out with the aid of a special 

three-demensional deformation apparatus. 

Duration: to mid 1985. 

Project costs: approx. fls 1.3 million. 

2.2 Convergence and pressure measurements in a 300 m deep, dry-

drilled hole in the Asse mine (Federal Republic of Germany) 

Research institute: ECN (Cataclastic effects: Delft University of 

Technology) 

This study comprises measurements of the convergence rate of a borehole 

in rock salt under the influence of lithostatic pressure and various 

temperatures. The measurements provide the basis for calculations to 

describe the salt creep under conditions relevant to radioactive waste 

disposal. Further, the pressure build-up is measured after convergence 

of the space between the borehole wall and measurement probe (which 

simulates a canister). Another part of this study is being carried out 

by the Mining Engineering Department of Delft University of Technology 

in the form of experiments relating to fracture formation near 

disruptions in the stress pattern around underground caverns in the 

salt. Both the fracture formation itself and the manner in which it can 

be detected by ultrasonic (non-destructive) testing means are targets of 

this study. 

Duration: through 1984. 

Project costs: approx. fls. 4.6 million. 
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3. Hydrology 

3.I Investigation of radionuclide transport by groundwater 

Research institute: RIVM. 

This project comprises the development of a geohydrological computing 

model capable of describing not only the transport of non-density 

affecting subtances (which are present in very minor concentrations 

only) but also the transport of density-affecting substances, as well as 

the resultant density flows themselves. Further, preliminary 

calculations will be carried out on the basis of the currently available 

geohydrological data on the north-eastern region of the Netherlands. 

This study is closely correlated with the PAGIS study (see 1.1) and the 

MIRAGE project (Migration of Radionuclides through the Geosphere, a 

study coordinated by the European Commission). 

Duration: through 1984. 

Project costs: approx. fls. 0.3 million. 

4. Migration of radionuclides through the subsurface 

4.1 Experimental study of retardation processes which counteract 

Migration through clay layers 

Research institute: RIVM. 

The objectives of this study are: 

Determination of absorbtion/desorbtion data for Pu, Am, Np, and Tc 

under varying conditions: (pH, redox potential etc.) in clay, both 

for cases considered as representative of the Boom clay situation 

and for cases considered as representative of a clay layer around a 

salt formation. 

Determination of' effect of micro-organisms on migration. 

Calculation of probable retardation. 
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Modification of existing technique of column tests to allow for the 

low permeability applicable here. 

Duration: into 1985. 

Project costs: approx. fIs. 0.3 million. 

4.2 Effect of ground heterogeneity on the migration of radionuclides 

in the soil anJ the groundwater system 

Research institute: Delft Soil Mechanics Laboratory. 

The objective of this project is to establish the effect of ground 

heterogeneity on the migration of radionuclides in the soil, and to 

develop and apply techniques whereby this effect can be incorporated in 

predictions of radionuclide mobility. 

The investigation is concentrated on shallow burial: special attention 

is given to the specific problems or transport in the unsaturated zone. 

The study is being carried out by means of numerical calculations; the 

testing of calculated values against measured concentrations forms part 

of the programme. 

Duration: through 1984. 

Project costs: approx. fIs. 0.8 million. 

5. Mining Engineering (in salt) 

5.1 Dry-drilling of a 600 ro deep borehole, followed by convergence and 

pressure measurements (Asse salt mine) 

Research institute: ECN. 

The spread of radioactive waste over a larger salt volume represents a 

favourable factor in the safety analysis. This project investigates how 

a dry-driUing technique can be used to drill holes to greater depth 

than previously possible. (Spread at depth.) It also envisages a larger 

diameter hole than previously, because larger canister diameters are now 
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being considered. Part of this project will include the development of a 

method for measuring «tresses in the salt around the upper part of the 

borehole and near its bottom. Finally, convergence measurements will be 

carried out at various temperatures. The study is being carried out in 

cooperation with the Gesellschaft fiir Strahlen und Umwelt Forschung. 

Duration: The feasibility study will be largely completed in 1984; the 

overaii project is not expected to be finished before 1988. 

Project costs: fls. 4 - 5 million. 

6. General studies 

6.1 Testing and evaluation of potential ceramic materials for 

immobilizing high-level waste 

Research institute: State university of Leiden. 

The materials being studied and tested here (Hollandite, Perowskite) 

appear to be very promising in terms of leachage resistance under 

extreme conditions (including high temperature, high salt 

concentration). It is anticipated that the radionuclides will be 

retained for an extremely long period. This research comprises the 

development and manufacture of these new synroc-like materials, in 

addition to determination of their relevant properties (crystallographic 

properties, phase relations, leachage resistance etc.). 

Duration: through 1984. 

Project costs: approx. fls. 0.3 million. 

7. Relation with the European Community Programme 

The above-mentioned studies are all being part-financed by the European 

Community within the framework of its research programme in the field of 

management and disposal of radioactive waste. This programme has been 

running since 1975; in 1984 the second five-year programme is due to 

expire. The programme is designed to stimulate and coordinate research 

being carried out in these fields by the Member States. 
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APPENDIX 4 MEMBERS OF THE ONSHORE DISPOSAL STUDY COMMITTEE 

1. Dr. B.F.M. Bosnajakovic 

Ministry of Housing, Physical Planning and Environment, 

Rauiation Protection Division. 

2. Prof. ir. D.N. Dietz. 

3. Dr. A. Gevers 

Ministry of Economic Affairs 

Directorate for Electricity and Nuclear Energy 

4. Ir. P. Glasbergen 

National Institute for Public Health and Environmental Hygiene, 

Soil and Groundwater Laboratory. 

5. Ir. B.P. Hageman (Chairman) 

Geological Survey of the Netherlands. 

6. Ir. J. Hamstra. 

7. Ir. R.M. Korthof (Secretary) 

Ministry of Economic Affairs 

Directorate for Electricity and Nuclear Energy. 

8. Dr. A.J. van Loon 

NV KEMA. 

9. Dr. H.M. van Montfrans 

Geological Survey of the Netherlands. 

10. Ir. J.J.E. Pöttgens 

Netherlands Mining Inspectorate. 

11. Drs. B. Verkerk 

Netherlands Energy Research Foundation. 
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12. Prof. Dr. H.J. Zwart 

State University of Utrecht 

Institute of Earth Sciences. 

13. Drs. L. v.d. Vate 

Geological Survey of the Netherlands. 

The Onshore Disposal Committee (OPLA) initiates and supervises the 

research for geological disposal within the framework of the ILONA 

programme (Integrated National Research Programme Nuclear Waste, see: 

Lower House 15100, no. 45). 

OPLA reports to the Policy Committee ILONA, which was installed in 1981 

by the then Ministers of Economic Affairs and of Public Health and 

Environmental Protection. 
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