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1. INTRODUCTION 

The Dutch research programme on disposal of radioactive waste in the 

deep subsurface on land (the OPLA programme) is focussed on disposal 

in rock salt formations for the following reasons: 

- the presence of rock salt under large areas of the Northern and 

Eastern Netherlands; 

- the numerous attractive properties of this rock in relation to the 

final disposal of radioactive waste; 

- the availability of abundant experience in mining activities in 

this rock, notably in the Federal Republic of Germany. 

Last year phase 1 of the OPLA programme, which lasted five years, was 

finished. It was concluded that the construction and operation of a 

disposal facility for radioactive waste in Dutch rock salt formations 

which meets internationally accepted safety criteria is in principle 

technically feasible. 

Recently a three year interim programme has been formulated aimed at 

reducing the uncertainties in the results of phase 1 and to make a 

first selection of salt formations that could be considered for fu

ture field investigations. 

International cooperation and participation in international projects 

has been recognized as an important precondition for the interim 

programme. 

The Netherlands participate in two international experimental pro

jects, namely the HAW project and the 600 m bore hole project. The 

Netherlands Energy Research Foundation (ECN) participates in the HAW 

project of the German institute GSF in the Asse salt mine in the FRG 

and is the leading party in the "600 m hole" project in which GSF is 

a subcontractor. Both projects are sponsored by the EC in the frame

work of the research programme on geological disposal of radioactive 

waste. 
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2. THE IN-SITU EXPERIMENTS 

In addition to laboratory experiments on processes which play a role 

in the studies on final disposal of radioactive waste, it is of vital 

importance that experiments are carried out which approach the reali

ty as near as possible: the in-situ experiments. 

The goals of these experiments are : 

1. To verify, under realistic conditions, calculation models derived 

from laboratory results. 

2. To demonstrate that chosen disposal techniques can be safely 

applied in the intended repository concept. 

In this manner it is achieved that during the final disposal opera

tion no undesirable surprises can occur: the principle of "proven 

technology". 

Because it is not possible at this moment to execute these kinds of 

experiments on Dutch territory and based on the observation that such 

an undertaking can be best done in close cooperation with a research 

institute which has a considerable experience in this area of re

search, a close cooperation has been established with the GSF in the 

FRG since 1979. 

The Gesellschaft fur Strahlen- und Umwelt-Forschung is the most 

important research institute in the FRG in the area of final disposal 

of radioactive waste of all categories. 

Most part of the work at this institute is aimed at the intended re

pository in the salt dome of Gorleben. 

The Asse-saltmine, in which the in-situ experiments are executed, is 

an old sodium and potassium mine, situated near Braunschweig. 

In the framework of the OPLA-research programme ECN participates in 

the HAW-demonstration project of the GSF and is the leading party in 

the experiments of the "600 m hole" project in which the GSF is a 

subcontractor. 
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Both projects are sponsored by the EC in the framework of the third 

5-years programme on geological disposal of radioactive waste. 

The HAW-denonstration project is the most important European activity 

on final disposal of heat producing high active waste in salt-forma

tions. In total 30 canisters filled with glass spiked/loaded Cs-137 

and Sr-90 will be placed in 6 boreholes, each containing 5 canisters. 

The experiment will last for 5 years. An extensive measuring pro

gramme has been set up, focussed on the interaction phenomena between 

waste and the salt formation. The loading of the canisters in the 

holes will take place during 1991 • after a successful demonstration 

period of two electrically heated holes which began in November 1988. 

In the research programme of the HAW-project also an experimental 

program is foreseen to investigate the behaviour of rocksalt under 

irradiation conditions. 

Besides BCN and GSF, the French organisation ANDRA and the Spanish 

organisation ENRESA are participating in the salt irradiation part of 

the project. 

The activities of the "600 s hole" project are aimed at the important 

aspect of the disposal concept of a mine: the deep dry drilled bore

holes in which the high active waste canisters are placed, contai

ning more than 95% of the total activity of the waste inventory. 

Two activities of research can be identified in this project. The 

first one is the development and demonstration of the dry drilling 

technique itself, which is exclusively done by GSF and financed 

by this organisation. The second activity is focussed on the rock 

mechanical behaviour of the hole. During the drilling process 

measurements will be carried out aimed at the geological aspects. 

Part of the experimental work has been started at the end of 1989-

Finally it is worthwhile to mention that in the area of the rock 

mechanical experiments and analyses there is a strong relation be

tween the two projects due to the location of both projects in the 

Asse-mine. 
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3 - THE HAW-PROJECT 

3-1- Objectives and scope 

Since 1968 GSF has been carrying out a research and development 

programme for the final disposal of high-level radioactive waste 

(HAW) in salt formations. The heat producing waste has been simulated 

so far by iteans of electrical heaters and also cobalt-60-sources. In 

order to improve the final concept for HAW disposal in salt forma

tions the complete technical system of an underground repository is 

to be tested in a one-to-one scale test facility. 

To satisfy the test objectives thirty high radioactive canisters con

taining the radionuclides Cs-137 and Sr-90 will be emplaced in six 

boreholes located in two test galleries at the 800 m-level in the 

Asse salt mine. The duration of testing will be approximately five 

years. 

For the handling of the radioactive canisters and their emplacement 

in the boreholes a system consisting of transportation casks, trans

portation vehicle, disposal machine, and borehole slider will be 

tested. The actual scientific investigation program is based on the 

estimation and observation of the interaction between the radioactive 

canisters and the rock salt. This programme includes measurement of 

thermally and radiolytically induced water and gas release from the 

rock salt and the radiolytical decomposition of salt minerals. Also 

the thermally induced stress and deformation of the surrounding rock 

mass will be investigated carefully. 

3.2. Experiment description 

On the basis of the present German concept, the HAW test disposal in 

the Asse mine is planned to have the following characteristics: 

* Representative heat generation rate of the active canisters. 

* Representative ionizing radiation from the active canisters. 

* Disposal and thermomechanical conditions representative for a real 

nuclear waste repository. 
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The conditions of a real repository can be summarized as follows: the 

maximum salt temperature at the disposal bore hole wall should not be 

higher than 200 *C and the canister surface dose rate is expected to 

be 1.0 * 105 R/h. 

Due to the accelerated creep behaviour of rock salt under heat and 

heat induced stresses the bore hole wall will creep rapidly onto the 

canister surface and will seal the radioactive canister completely. 

Since the present license conditions do not permit any final disposal 

of radioactive waste in the Asse salt mine, the safe retrievability 

of the waste canisters BUSC be guaranteed over the coaplete test 

period. Therefore the emplacement bore holes are lined with high 

strength steel tubes to avoid creeping of the salt onto the active 

canisters. 

The configuration and dimensions of the underground test field are 

mainly determined by the number of bore holes that are required to 

perform the experiment. The test field consists of a set of eight 

bore holes located in two parallel galleries (A and B) at the 800 a 

level (Figure 3-1)- Two bore holes in each gallery will have a maxi

mus) salt temperature of 250*C. the remaining four will have a tempe

rature of 200"C. 
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Figure 3.1. Lay-out HAW-testfield 
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Two of the four 250 *C bore holes will be heated electrically (Al and 

Bl). The regaining six holes will each be filled with five active 

canisters and a dummy canister on top for shielding purposes. The 

dummy canisters contain salt samples to investigate irradation 

effects on rock salt. 

The two parallel galleries A and B are divided by a 10 • thick pil

lar. In the direction of the gallery axis the distance between the 

bore holes will be 15 • and perpendicular through the pillar 19 a. 

The two test galleries are accessible through two access drifts 

(necessary for ventilation), at each side of the field. In the bore 

holes of type A the annulus between the liner and the salt wall is 

backfilled with a porous medium to avoid the salt creeping onto the 

liner and for Maintaining a pathway for the released water and gas 

coaponents. In the bore holes of type B. the annulus is empty so that 

the salt is permitted to creep onto the liner (Figure 3-2). 

The transport and handling system for the emplacement of the radioac

tive canisters was developed taking into account the special 

conditions of the Asse salt nine and the specifications of the canis

ter. Another important consideration for the development was the 

transferability of the system to the planned end repository. The HAW 

canisters will be delivered to the Asse site in a special container, 

transferred to a special transport vehicle and tansported to the bo

rehole. The canister is lowered into the borehole with a special dis

posal machine (Figure 3-3)-

3.3. ECN contribution 

The subjects for contribution by ECN are: 

- therao-mechanical analysis; 

- instrumentation and engineering activities; 

- ultrasonic measurement techniques for crack detection (TU-Delft); 

- data collection system; 

- irradiation efFects in rocksalt. 

Each of these items will be shortly dealt with in the following pa

ragraphs . 
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WITH BACKFILLING 

2. Bore hole types A and B ( le f t ) 
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HLW-HANDUNQ 

Figure 3-3- Transport and handling system 

3; 3ii i _Ther»o;a>echanical .analyses 

The therao-aechanical behaviour of a salt formation effected by the 

heat generation and the radiation of high radioactive waste can, be

cause of the long tiae period involved, only be siaulated with the 

aid of numerical tools such as the finite eleaent aethod. 
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At ECN these numerical tools have been developed further for the 

thermo-mechanical analyses of salt formations. The validation of the 

results will be done with respect to the following items: 

- interaction of boreholes; 

- stress redistribution and deformation behaviour due to large cavi

ties; 

- interaction of borehole and gallery; 

- interaction of large cavities and galleries; 

- closure and sealing of boreholes. 

Prediction of the maximum loads and deformation of the liner tube 

around the canisters, which has to guarantee the retrievability, have 

been used as the design basis of these tubes. 

The canister guiding system (CGS) has the following functions: 

- to guide the canisters during loading of the holes to obtain the 

right position of the canisters in relation to each other for pro

per stacking. 

- to guide the grapple downward to the right position to grip the 

knob of the canister during unloading. 

The gap monitoring system (CMS) is used to monitor the deformation of 

the liner tubes and thus the gap between the canisters and the inner 

wall of the liner tube. This devi-'= is an important part of the HAW 

retrievability strategy for guaranteeing retrievability of the active 

canisters. 

Borehole A-l is specially equipped to obtain information on the salt 

pressure on the liner tube and its deformation. These data will be 

used for thermo-mechanical computer code validation work, 

3;3i3i_yï?5§2Dï£_9ra9!i-^?ï§9ïï9n 

To detect possible tracro and micro fractures in the rocksalt near the 

Bl bore hole and the pillar, an ultrasonic measurement technique has 

been developed by the Technical University of Delft. The fractures 
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will be detected by means of so called acoustic cross hole measure

ments. Special tubes containing this equipment have been installed in 

the salt for this purpose. 

3i3^!!i_?^a_Collection_System 

The HAW field has been equipped with a large number of different 

measuring instruments. The resulting amount of about 1200 signals to 

be monitored, together with the length of the test period of five 

years, require the presence of an automated Data Collection System 

(DCS) (fig. 3 . M 

A number of tasks are carried out by this DCS. viz. 

- the collection of data from about 1200 different signals; 

- the monitoring and control of a variety of equipment needed for the 

data collection; 

- the control of alarm limit values; 

- the transmission of collected data from the HAW-field to GSF 

(Braunschweig) and ECN (Petten). 

In the research programme of the HAW test field, a test programme is 

foreseen, to investigate the irradiation effect on rocksalt of diffe

rent composition. For this purpose the dummy canister, which is 

intended for shielding of radiation, has been designed in such a way 

that it can contain samples of rocksalt. The dummy canisters will be 

placed on top of the radioactive canister stack so that they can be 

taken out at desired intervals. The salt samples will be irradiated 

at different irradiation dose levels and at different temperatures 

representative for a repository. 

In the framework of the European cooperation the Agence Nationale 

pour la Gestion des Déchets Radioactifs (ANDRA) participates in the 

following items: 

- gamma dose measurements at high temperatures; 

- investigation of gas development by radiolysis; 

- inclinometer measurements in the HAW field. 
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1 DATA COLLECTION SYSTEM " A S S E " SALTMINE | 

IGSF 1 ECN 1 
GERMANY THE NETHERLANDS 

BRAUNSCHWEIG PETTEN 

VAX 

11 /750 

( DATEX-P ] 

PDP 11 /24 

HOST A 
, 

• 0 METER 
(GROUND LEVEL) 

• 800 METER 

\ i 

VAX 

11 /725 + 

I n A T A M C T A L 
^ UATAIMcT - 1 J 
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Recently also the participation of the Spanish institute ENRESA in 

the salt irradiation programme has been established. 

3.4. Progress of work and obtained results (1985-1990) 

The test plan was prepared in 1984/1985 and the final version was 

issued in December 1985» It contains a detailed description of the 

scope, issues, and objectives and also of the test programme. 

All the technical papers for the canister handling system, including 

the design calculations, were submitted to the responsible licensing 

authority (Bergamt Goslar) or its consultant (TiiV Hannover). 

The design of the system for handling and emplacement of the ra

dioactive canisters was completed in 1985. The construction of the 

components proceeded very well so that the equipment was available in 

spring 1988. 

The Asse internal transportation cask Asse TBI, which needs a type 

B(U) certification by the Physikalisch- Technische Bundesanstalt 

(PTB), has undergone the required fire test successfully in July 

1987- Two casks have been fabricated and were delivered in early 

1988. The transportation vehicle was delivered in December 1987-

Fabrication of the disposal machine and of the transfer station at 

the surface has also been finished. 

The thermo-mechanical analyses performed in the period 1985"1990 have 

been used primarely to define the boundary conditions for the design 

of the devices in the HAW Field. Especially the design of the liner 

tubes, the heaters and the measuring devices was based on the predic

tion of the behaviour of the test field. Important sensitivity re

sults of the thermally induced stresses have been obtained which can 

be used for the evaluation of the experimental results. Until now 



- 17 -

best estimates are given of the overall temperature distribution (fi

gure 3-5-)» the maximum loads on the safety tubes, the convergence of 

the galleries and the initial secondary rock pressure in the HAW test 

field. More detailed results have been obtained on the deformation of 

the two galleries. These analyses show that there is already an inte

raction between the two galleries immediately from the beginning of 

the excavation. A first comparison of the calculations and the meas

urements of the convergence of the galleries gives arguments to con

clude that the initial secondary rock pressure was 11 MPa. 

A detailed three-dimensional model has been set up and tested which 

can be used to analyse the non-linear time-dependent behaviour of the 

central four boreholes in the test field. In this model the interac

tion between the galleries and the boreholes can be described accu

rately. 

i*--.\ «M» Temperature rise al 50000 

Depth - 8120 m 

11JUP RISt 
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Figure 3'5« Temperature distribution in the HAW field after five 

years. 
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In the field of 'Engineering and instrumentation* the systems which 

are needed to guarantee the retrievability of the canisters have been 

designed and developed. The Canister Guiding System (CGS) and the Gap 

Monitoring System (GMS) were approved by the TüV after successful 

demonstration of the systems in the special testfacuities. The pro

duction of the systems has been completed and all systems were 

installed in 19Ö9- The heaters for the boreholes Al and Bl were de

signed and developed together with special instrumentation to measure 

the salt pressure and deformation of the liner tube of the Al bore

hole. Prototypes of these instruments have been tested in a special 

testrig. Both heaters have been installed in the mine and are in 

operation since November 8, 1988. 

The development of the "Data Collection System" has been completed 

during this three year period. After the installation of the hardware 

and the system- and application software, an extensive testprogramme 

has been carried out. The DCS system has been installed in the mine 

and is successfully in operation since November 8, 1988. 

For the detection of cracks in the salt of the pillar and near bore

hole Bl an ultrasonic measurement technique has been developed by the 

Delft Technical University. The acoustic measuring tubes with trans

mitters and receivers have been installed and tested and are in ope

ration since the beginning of 1989. 

The design of the dummy canister was completed. The drawings and do

cumentation have been transferred to GSF. A pressurized salt sample 

holder and a special thermometer have been developed. 
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k. THE "600 M HOLE"-PROJECT 

^.1. The research program 

The research programme is mainly derived from the experience and the 

results of the finished research of the "300 m hole"-project (rrr 

EUR 10737 EN). From these results the conclusion has been drawn L ̂.t 

a professional dry drilling technique has to be developed for the 

disposal of high active waste. Furthermore it was felt desirable to 

investigate further the relation between the lithostatic pressure and 

the convergence of the hole as a function of the depth. Also, it was 

decided to develop a measuring system capable of giving information 

of the composition of the gases which are released in snail quanti

ties during the drilling process. During the drilling process samples 

of the drilling fines are also collected. 

The research programme can be described as follows: 

1. The development and demonstration of a dry drilling technique with 

the capability of drilling deep holes with different diameters. 

2. The development and demonstration of a gas component measuring 

system and a sampling system of the drilling fines, both during 

the drilling process. 

3. The development of a system to measure the convergence of the 

diameter of the hole as a function of the depth. 

4. The development or the lithostatic pressure on different locations 

in the hole. 

5. The convergence of the salt as a function of a variable backpres

sure. 

These items are described below in more detail. 

!fiiili J^?_^rv_dr^ 11 ing_ technique 

The GSF is developing a dry drilling technique which is capable to 

drill holes with a variety of diameters. 

In the first instance GSF aims at being able to drill holes for heat 
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producing HAW-canisters (Cogema: 0 430 mm) and for non-heat produ

cing HAW-canisters, containing cladding material and end caps of 

fuel rods fixed in a matrix of cement (HAVA 1*130: a i m ) . 

For the first type an attempt is made to reach a depth of 600 m whe

reas for the second category a depth of 300 m is strived for. 

Besides this activity there is also a development going on to drill 

holes with a very large diameter (-4 m) with a depth of several 

hundred meters in order to dispose of low level waste in this manner. 

This disposal technique not only looks economically attractive but is 

also beneficial for the long term safety. 

The density of backfilling in these holes shall be larger than in the 

case of waste stored in rooms. This is beneficial for the outcome of 

the so called "flooding scenario", because a smaller quantity of 

brine can reach the waste. According to the GSF this disposal techni

que is not only of interest for radioactive waste but also for chemi

cal waste. For the research programme of the project two 600 m holes 

shall be drilled from the 750 m level with a diameter of 0 60 cm. The 

first hole will serve as a pilot hole to demonstrate the technique 

and to optimize the procedure. The second hole will be drilled as 

fast as possible in view of the nature of the processes which will be 

measured (see under 4.1.3). 

Before the holes for the heat producing waste and other types of high 

level waste can be drilled, an extensive reconnaissance of the area 

where the holes are projected has to be carried out. 

In addition to the non-destructive techniques such as radar and 

US-method the application of reconnaissance drillings is an impor

tant method to get a good insight in the geological character of the 

HAW disposal area. 

With this method a complete series of bore cores over the total 

length of the drilling depth is achieved inclusive the composition of 

the small quantity of gases. 



- 21 -

The measurements during the dry drilling operation are focussed on 

the gas composition and to correlate these results wicb the outcome 

of the above mentioned reconnaissance drilling. 

At the same time salt dust samples of the drilling fines will be ta

ken on line to determine the composition of the rocksalt and the 

water content. The latter phenomena are important for the brine mig

ration and recrystallization effects in the rocksalt in the vicinity 

of the HAW-canisters. The determination in this way of the water con

tent has a higher accuracy level than in the case of a reconnaissance 

drilling as the use of brine for cooling and transport purposes of 

the cores has a disguising effect on the measurements. 

An important characteristic of a salt formation is the closing of 

cavities due to the prevailing lithostatic pressure and in a less 

pronounced way the temperature. This phenomenon is known as conver

gence. This effect is larger in the initial stage than later on. The 

process of convergence increases strongly with the depth in the salt-

formation. This effect has been established also in the experiment in 

the "300 n hole" (ref. EUR 10737 EN). 

The effect of the convergence process is of interest for the point of 

time that holes should be drilled in a repository, as from the point 

of view of operational ss ?t;ty and logistics it is undesirable that 

the loading procedure of the holes with HLW has to be done under a 

certain time-pressure. 

It is also not advisable to drill the holes with a considerable 

excess of the diameter as this has a negative effect on the timely 

encapsulation of the waste by the rocksalt (flooding scenario!). 

Apart from this logistics aspect of the operational phase in the dis

posal mine, the experiments on the convergence and lithostatic pres

sure behaviour in the hole are of vital importance for the verifica

tion of the results from laboratory experiments on the behaviour of 
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cavities and holes filled with waste. 

The experimental phase of the "300 m hole" project has shown that 

the assumption that the magnitude of the lithostatic pressure depends 

mainly on the weight of the overlaying formation has to be adapted. 

It is for this reason that on several levels in the 600 m hole expe

riments have been set up to measure the lithostatic pressure. 

Another experiment that will be carried out is the so-called dynamic 

lithostatic pressure measurement. In this test an attempt will be 

made to simulate the essential features of the process that takes 

place if a dam is constructed in a gallery, and the behaviour of a 

gallery which has been backfilled with pulverized rocksalt. 

In fig. 4.1. the set up of the experimental programme is depicted 

which will be carried out in two "600 m deep bore holes". 

A good understanding in the previously mentioned processes is not 

only of interest for the quality with which the final safety analyses 

for a disposal facility can be carried out. but it is also a neces

sity for a sound interpretation of the deformation of the geometry of 

the HAW-project. Because of the fact that the experiments are situa

ted relatively close to each other, the results will be used in the 

evaluation phase of both projects. 

*>.2. Progress and results 

Several holes with a depth of 15 a and a diameter of 1 m have been 

drilled and one hole with the same diameter with a depth of 200 m. In 

the latter case it appeared that in order to guarantee the vertica

lly of the hole a steering system had to be developed. This has been 

done and the first application has been successfully demonstrated on 

a hole of 300 m deep with a diameter of 0.6 m which can be seen as a 

pilot hole for the 600 m holes. These two holes will be drilled in 

the first part of 1991-

The design and fabrication of the probes for the convergence measure

ments have been finished, the probes have been installed in the mine 

and are in operation since December 1989- The lithostatic pressure 

station has been built and it is now being tested at ECN. 
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DYNAMIC ISOTHERMAL UTHOSTATIC 
PRESSURE MEASUREMENTS 

FREE CONVERGENCE MEASUREMENTS OVER 
THE LENGTH OF THE HOLE 

Figure ^ . 1 . Set-up of the 600 o bore hole measurement 
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