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Das Stripa-Projekt ist ein Projekt der Nuklearagentur der OECD. 
Unter internationaler Beteiligung werden von 1980-84 Forschungs
arbeiten in einern unterirdischen Felslabor in Schweden durchge
führt. Diese sollen die Kenntnisse auf folgenden Gebieten 
erweitern: 

hydrogeologische und geochernische Messungen in Bohrlochern 

- Ausbreitung des Grundwassers und Transport von Radionu
kliden durch Klüfte irn Gestein 

Chernische Zusamrnensetzung des Grundwassers in grosser Tiefe 

- Verhalten von Materialien, welche zur Abdichtung von End
lagern eingesetzt werden sollen 

Seitens der Schweiz beteiligt sich die Nagra an diesen Unter
suchungen. 

The Stripa Project is organized as an autonornous project of the 
Nuclear Energy Agency of the OECD. In the period from 1980-84 
an international cooperative programme of investigations is being 
carried out in an underground rock laboratory in Sweden. The airn 
of the work is to irnprove our knowledge in the following areas: 

hydrogeological and geochemical measurernent methods in 
boreholes 

--
flow of groundwater and transport of radionuclides in 
fissured rock 

- geochemistry of groundwater at great depths 

behaviour of backfill material in a real geological 
environment 

Switzerland is represented in the Stripa Project by Nagra. 

Le projet Stripa est un projet autonome de l'Agence pour l'Energie 
Nucléaire de l'OCDE. Il s'agit d'un programme de recherche avec 
participation internationale qui sera effectué entre 1980 et 1984 
dans un laboratoire souterrain en Suède. Le but de ces travaux 
est d'améliorer et d'étendre les connaissances dans les domaines 
suivants: 

- mesures hydrogéologiques et géochimiques dans les trous 
de forage 

- écoulement des eaux souterraines et transport des radio
nucléides dans les roches fracturées 

- chimie des eaux souterraines à grande profondeur 

- comportement dans un environnement réel des matériaux de 
bourrage pour dépôts de déchets radioactifs 

La Suisse est représentée dans le projet Stripa par la Cédra. 
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THE STRIP A PROJECT 

ANNUAL REPORT 1983 

The Stripa Project is an international project 

being performed under the sponsorship of the OECD 

Nuclear Energy Agency (NEA). The Project concerns 

research related to the disposal of highly radio

active waste into crystalline rock. The KBS Divi

sion of the Swedish Nuclear Fuel Supply Company 

(SKBF) has been entrusted with the management of 

the Project, under the direction of representatives 

from each participating country. 

The aim of this report is to inform the OECD 

Nuclear Energy Agency and participants in the 

Project about the general progress of work during 

1983. 

Stockholm, May 1984 

Hans S Carlsson 

SKBF/KBS 
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PREFACE 

An autonomous OECD/NEA Project relating to the 

final disposal of highly radioactive waste from 

nuclear power generation is currently under way in 

an abandoned iron ore mine at Stripa, in central 

Sweden, see Figure 1.1. Research is being performed 

in a granite formation 350 meters below the ground 

surface. The Stripa Project was started in 1980, in 

co-operation with Canada, Finland, France, Japan, 

Sweden, Switzerland, and the United States. The 

first phase of the project, scheduled for com

pletion in 1984, at a total cost of approximately 

50 MSEK, consists essentially of three parts: 

hydrogeological and geochemical investigations 

in boreholes down to a depth of 1230 metres 

below the ground surface, 

tracer migration tests to study radionuclide 

transport mechanisms in the rock fractures, 

and 

large-scale tests of the behaviour of backfill 

material in deposition holes and tunnels 

Preparations for an agreement between the partici

pants covering a second phase of the Stripa Project 

were completed during 1982. The second phase, 
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STRIP A 
• 

STOCKHOLM 

GOTHENBURG 

Figure 1-1. The Stripa Mine is located approximately 250 km west of Stockholm 

which has been joined also by Spain and the United 

Kingdom started in 1983 and is scheduled for com

pletion in 1986. The estimated total cost is 60 

MSEK. The investigations included in the second 

phase are: 

the development of crosshole geophysical and 

hydraulic methods for the detection and 

characterization of fracture zones 

extended tracer experiments in fractured 

granite, and 

the sealing of boreholes and shafts, using 

highly compacted bentonite. 

The conditions of participation in the Stripa 

Project are covered by two separate agreements for 

Phase I and Phase II, although both phases share 

the same management structure, see Figure 1.2. The 

project is jointly funded by the organizations 

listed below. Responsibility for supervision of the 

research programme and for its finance resides 



Review of Programs 

Joint technical 
committee 

Technical subgroup No 1 

Hydrogeology 
Chemical transport 
Geophysics 

Technical subgroup No 2 

Engineered barriers 
Rock mechanics 

4 

Execution 

Mine operations 

Hydrogeological tests 
Chemical transport tests 
Engineered barrier tests 
Geophysical tests 

Figure 1-2. Organization of the Stripa Project 

with the Joint Technical Committee (JTC). This is 

composed of representatives from each of the 

national organizations. It also provides informa

tion on the general progress of work to the OECD 

Steering Committee for Nuclear Energy, through the 

NEA Committee on Radioactive Waste Management and 

its Co-ordinating Group on Geological Disposal. 

Each research activity is assigned to a principal 

investigator, a scientist with particular expertise 

in the research field in question. The conception 

of the experiments, and their realisation, are 

periodically reviewed by two Technical Subgroups 

(TSGs). These sub-groups are composed of scientists 

from the participating countries. The first deals 

with hydrogeology, chemical transport and geophy

sics, the second with engineered barriers and rock 

mechanics. 

The KBS Division of the Swedish Nuclear Fuel Supply 

Company (SKBF) 1 )acts as the host organization,and 

provides the management for the Project. It is res

ponsible for mine operations, and for the procure

ment of equipment and material for experimental 

work. Meetings of the Technical Sub-groups, the 

1) The name of the company will be changed in 

June-84 to "Swedish Nuclear Fuel and Waste 

Management Co (SKB) 11 
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Joint Technical Committee, the principal investiga

tors and the KBS management group are held on a 

regular basis to review the progress of the Project. 

A representative of the OECD Nuclear Energy Agency 

takes part in the meetings of the Joint Technical 

Committee in an advisory capacity. The Nuclear 

Energy Agency continues to foster the broadest 

possible participation in this and other Projects 

by its member countries, and ensures co-ordination 

of the Project with its other activities in the 

field of radioactive waste management. 

The following organizations are participating in 

the Stripa Project: 

Canada 

Finland 

France 

Atomic Energy of Canada Ltd (AECL) 

Industrial Power Company Limited 

(TVO) Ministry of Trade and In

dustry; Imatra Power Company 

Commissariat a l'Energie Atomique 

(CEA); Agence Nationale pour la 

Gestion des Dechets Radioactifs 

(ANDRA) 

Japan Power Reactor and Nuclear Fuel 

Development Corporation (PNC) 

Spain Junta de Energia Nuclear (JEN) 

(Phase II only) 

Sweden Swedish Nuclear Fuel Supply Co (SKBF) 

Switzerland National Co-operative for the Storage 

of Radioactive Haste (NAGRA) 

United Kingdom Department of the Environnent (UK DOE) 

(Phase II only) 

United States Department of Energy (US DOE) 
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GENERAL 

Phase II agreement 

All eight countries participating in the Stripa 

Project phase II had received and signed the agree

ment in early 1983. In addition, Spain has now deci

ded to join the second phase of the project. 

New experiments 

Due to the participation by Spain, the available 

funding within phase II increased from 60.0 MSEK to 

64.8 MSEK. At the JTC-meeting, held in Sweden on June 

6-7,1983, it was decided to use the additional 

funding for further investigations at Stripa. New 

proposals were asked for and circulated among the 

member countries for review. The new proposals were 

discussed at the TSG-meeting held in Sweden on Novem

ber 7-9, 1983. The following investigations were re

commended to the JTC for approval. 

HJ.dro3.eolo9.ical characterization of the Stripa site-- --- ~--- ------------------------------------------
j>_a_f_t_j:_ 

Proposed by Sweden through prof John Gale, Univ. of 

Newfoundland, Canada 

Data obtained in the previous Swedish-American Coope

rative Project will be used to establish any general 

correlations between fracture frequency, fracture 

orientation and fracture permeabilities. The bulk 

flow rates from a two-dimensional simulated 
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fracture network, into the drift where the Buffer 

Mass Test is carried out, will be calculated. The 

calculated data will be compared with the actual 

data from the previous Macropermeability experi

ment, carried out in the same drift. 

~99~!~9E~~-~E9~~~9~~-~~~~~~~-~~~~~!~~~!~9~~-~! 
~!E.!P~ 

Proposed by Finland through mr Calin Cosma, Geotek 

OY, Finland. 

An equipment for crosshole seismic investigations 

developed in Finland will be used at the small 

scale crosshole site at Stripa. The results will be 

compared with other crosshole measurements from the 

same site. 

The TSGs recommended that the proposal from USA 

through prof Stanley Davis, University of Arizona 

and the proposal from Switzerland through drs W 

Balderer and J C Alder, University of Berne, should 

be combined. The revised program should be written 

in cooperation with the Hydrogeochemistry Advisory 

Group within the Stripa Project. 

The purpose of this program is to use and test 

different techniques in order to characterize the 

chemical quality of deep groundwaters. This is 

important for the prediction of future chemical 

reactions which may take place in and near the 

repository, particularly those involving corrosion 

of the waste canister and the waste itself. 

Secondly, the project aims at understanding the 

history of the water by using isotopic (3 6cl, 

39Ar, 85Kr, 8 1Kr etc) and standard 

chemical information. This information will also 

give some idea of the age of the water. 
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Design of well testing programs for fractured ----------------------------------------------crystalline rock repository sites 

This investigation was proposed by the USA through 

dr Thomas Doe, Lawrence Berkeley Laboratory, USA. 

The purpose of the project is to determine the ex

tent and .interconnection of individual fractures by 

using single fracture constant head injection 

tests. The program also aims at determining the 

best combination of number of tests, borehole 

lengths and packer spacings to define permeability 

distribution functions to a specified level of con

fidence. 

Proposal on data filing 

The investigation was proposed by Japan through dr 

T Murano, Power Reactor & Nuclear Fuel Development 

Corporation, Japan. 

A numerous number of data now exist from the diffe

rent experiments at Stripa. A data filing system, 

where these data are stored and made available in a 

suitable format, should be developed. 

Meetings 

Technical Subgroup No 1 met on March 16-17, 1983 in 

Lindesberg for a discussion on the 3D-Migration 

Experiment and the Crosshole Program. A second 

meeting with TSG-1 was organized on November 7-9, 

1983 in Stockholm and Grythyttan. All activities 

within the Stripa Project and covered by TSG-1 were 

discussed. In addition and together with TSG-2, new 

proposals for future work at Stripa were reviewed. 
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Technical Subgroup No 2 met on March 15, 1983 in 

Stockholm. The tentative program of the Borehole and 

Shaft Sealing Test was discussed in detail as well as 

the progress of the Buffer Mass Test. A second 

meeting with TSG-2 was organized together with TSG-1 

on November 7-9, 1983. 

The Hydrogeochemistry Advisory Group met on November 

3-4, 1983 in Stockholm to discuss the progress on the 

investigation of the Stripa groundwater characte

ristics. In addition, a program for additional samp

ling at Stripa was discussed and reviewed. 

The Joint Technical Committee met on June 6-7, 1983 

in Stockholm and Grythyttan. The JTC-members found 

the progress of the project to be in accordance with 

the plans and within the time-schedule. 

All meetings have included a field trip to Stripa. 

Notes from the meetings have been distributed 

separately. 

Information 

The preparation of the second film regarding the 

activities at Stripa is in progress. The plan is to 

have the film completed in the fall of 1984. 

A report entitled "The International Stripa Project

Background and Research Results" was published by the 

OECD/NEA in March 1983. The report was prepared by 

the KBS Division within SKBF in co-operation with the 

NEA Secretariat. 
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Reporting 

The progress of the project has been presented in 

detail in quarterly reports. A list of internal and 

technical reports published during 1983 and 

previously, is given in Chapter 10. 
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PHASE I 

A summary of the progress of the Stripa Project, 

Phase I, is given below. More detailed information 

is given in the reports listed in Chapter 10 and in 

the quarterly reports. 

HYDROGEOLOGICAL INVESTIGATIONS IN 
BOREHOLES 

The principal investigators for this part of the 

project are Drs Leif Carlsson, Swedish Geological 

(SGAB), and Tommy Olsson, Geological Survey of 

Sweden (SGU). The technical content and progress of 

the investigation is reported in /1/ and /28/. 

2.1 General 

Most of the field work was completed during 1983. 

An interference test and some additional water 

sampling will be completed in early 1984. The 

entire project will be completed and reported in 

the fall of 1984. 

2.2 Hydraulic testing 

The hydraulic testing in single boreholes was 

completed by pressure build-up tests in the 

vertical borehole V2 located at the 410 m level. 
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A minor interference test between borehole Nl and 

the Buffer Mass Test (BMT) area was conducted 

during 1983. The BMT area is located appr 225 

meters away from borehole Nl. By changing borehole 

Nl from a sealed-off into a free-flowing condition 

a pressure drop of as much as 11.7 meters was 

recorded in the BMT-area. 

A major interference test was initiated including 

boreholes Vl, El, Nl and V2. The vertical borehole 

Vl acts as the transmitter hole whereas the 

pressure interference is recorded in borehole V2 

and in the horizontal holes El and Nl. 

Straddle-packer systems were installed in these 

boreholes. In each borehole a system of four 

packers was placed at different depths, selected 

from the corelogs, geophysical logs and the 

hydraulic tests. The water head distribution in the 

sections can be individually monitored by a data 

acquisition system developed and constructed on 

site. 

All boreholes, including Vl, were in a pressure 

build-up stage for about 100 days, after which 

borehole Vl was turned into a controlled flowing 

condition with a constant flow-rate of 7 1/min. 

During this flowing stage for another 100 days, the 

pressure responses in the sealed-off sections were 

continuously recorded and a clear interference was 

noted between Vl and V2. Also in Nl, a response was 

noted, however less clear, while the water head in 

El was not affected. 

The flowing stage in V1 continued until December 

21, 1983, when it once again was packed off in 

order to record the interference under build-up 

conditions. This build-up stage continued into 

1984. 
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Hydrogeochemical investigations 

Water sampling of the different boreholes at Stripa 

continued throughout the year. At the meeting with 

the Hydrogeochemistry Advisory Group (HAG) in 

Stockholm on November 7-9, 1983, the results of the 

analysis were discussed in relation to the possible 

origin of the Stripa groundwaters. Especially the 

origin of salinity in the deeper samples presented 

an interesting item. A close comparison between the 

chemical, isotopical and hydrogeological results 

from the water-bearing zones in the borehole Nl and 

the deep boreholes Vl and V2 turned out to be 

very interesting. 

It was unanimously agreed to that there is a 

dramatic change in chemistry between adjacent 

fracture zones in V2. A higher saline zone 

connects the boreholes Vl and V2 and maybe also 

part of Nl. Chemistry and isotopic data are 

consistent in this respect. The isotopic results on 

chlorine-36 and, to some extent, tritium and 

perhaps carbon-14, indicate in situ production due 

to neutron flux which will be checked by 

theoretical calculations but needs to be checked 

further with direct measurements of the actual 

neutron flux and with argon-39. 

MIGRATION IN A SINGLE FRACTURE 

The principal investigator for this study is prof 

Ivars Neretnieks, Royal Institute of Technology, 

Sweden. The technical content and progress of the 

investigation is presented in /1/and /28/. 
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Figure 3-1. Schematic drawing of the layout of the 2D migration experiment 

Injection of nonsorbing tracers. 

A schematic layout of the test site is shown in 

figure 3.1. The distance from the injection point 

to the sampling holes is appr 5 meters. Injection 

of tracers have been performed in a predetermined 

fracture. 

The following nonsorbing tracers have been injected 

in different injection holes 

Elbenyl Br. Flavine 

Uranine and Iodide 

Eosin and Alburnine 

Chrome-EDTA 
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Figure 3-2. Response ofuranine in sampling hole 2-6 

The recorded arrival times and concentrations vary 

between the sampling holes. Figure 3.2. shows the 

response of uranine in sampling hole No 6 drilled 

along the predetermined fracture. 

The results are currently being compiled and will 

be reported during 1984. 

Injection of sorbing tracers 

Injection of sorbing tracers started in December 

1982 and Cesium, Strontium, Europium, Neodymium, 

Thorium and Uranium were used. The excavation by 

large diameter coredrilling (¢ 188 mm) of the 

predetermined fracture started in July 1983. 

As a result of the drilling two possible pathways, 

fracture A and B were found close to the injection 

point. Fracture A is equivalent to the predeter

mined fracture, which was the expected pathway, 

whereas fracture B is orientated almost perpendi

cular to fracture A. 

4000 
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Figure 3-3. Surface concentrations of Cs and Sr on fracture A. 

A glue, acting as a filling material rather than a 

glue and with a viscosity close to water, had pre

viously been injected in order to test a method of 

mapping channels within the fracture. The glue was 

found in both fracture A and B but only in a few 

small blotches and not further away than 0,1 m 

from the injection hole. 

A number of small cores have been taken out perpen

dicular to both fracture planes. Thin sections from 

the fracture surfaces and at selected depths have 

been analysed for the sorbing tracers. Figure 3.3 

shows the surface concentrations of Cs and Sr on 

fracture A. An increase in the surface concentra

tion can only be found close to the injection hole. 
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The background concentration for Cs and Sr is 10 

and 20 ppm respectively. The background values 

were reached at a penetration depth of appr 1,5 

mm in the vicinity of the injection hole. 

Additional coring and analysis will be carried 

out in order to determine the pathways from the 

injection point. 

The investigation is scheduled to be completed by 

the end of 1984 
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BUFFER MASS TEST 

The principal investigator for this investigation 

is prof Roland Pusch, Swedish Geological, Sweden. 

The technical content and progress of the 

investigation is presented in /1/ and /28/. 

Excavation of deposition hole no 3 

Deposition hole No 3, located just outside the 

bulkhead (Figure 4.1), was excavated in early 1983 

after appr 16 months of testing. The same procedure 

was applied for the excavation and sampling as in 

hole No 4, in late 1982. Thus one sample per m2 

horizontal area was taken from the backfill in the 

boxing-out. The backfill was removed layer-wise for 

sampling at each 0.2 m level, part of the excavated 

material being used again in the subsequent high 

temperature test. 

The samples of highly compacted bentonite were 

taken by use of the previously developed auger 

technique. The onset of the drilling was at each of 

the originally 15 em spaced horizontal joints 

between the separate compacted blocks. 

The exact location of the holes was set by a 

perforated steel plate which was applied on each 

sampling level for guiding purposes. 

As in the case of hole No 4, the heater turned out 

to be easily dismantled to give access to the clay 

in the rather narrow space between the rock and the 

heater surface. 
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The entire excavation and sampling operations were 

completed in less than two weeks in late May, 

meaning that no significant changes in the physical 

status of the clay materials occurred during the 

field work. 

High temperature test 

A high temperature test in deposition hole No 3 was 

started in June,l983. The heater power was set to 

1200 W compared to the previous 600 w. 

In this test the bentonite was applied in a very 

realistic way, i e the blocks were first deposited 

in the hole to form an annulus and the heater was 

then lowered into the cylindrical open space that 

had a diameter which was only a few millimeters 

larger than that of the heater. The application of 

the instrumented bentonite blocks started on June 1 

and the heater was put in operation on June 13 when 

the backfilling of the boxing-out and the anchoring 

of its concrete lid had been accomplished. 

Improved physical model for water uptake 

Careful analyses of the water content determination 

at the excavation of holes No 3 and 4 have yielded 

the following basic features of the model: 

single, wide water-bearing joints and fractures 

become sealed by entering bentonite and do not 

serve as effective water sources 

fractured rock with a network of narrow joints 

and fractures serves as an effective water 

source 
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rock with no visible joints and fractures 

serves as a stingy water source which, however, 

determines the water inflow in the larger part 

of the heater holes. 

where the rock is fracture-free or contains few 

open joints, the small amount of water that 

passes through the crystal matrix is sucked up 

by the bentonite and is rapidly transferred 

towards the center. This would yield a very low 

moisture gradient and a strongly delayed water 

saturation of the peripheral parts of the 

bentonite if there were no temperature 

gradient. 

temperature gradients and absolute temperatures 

of the magnitude we observed in the heater holes 

drive water from the hot interior towards the 

periphery where it accumulates. The water 

content distribution is related to the 

temperature as well as to the total moisture 

contained in the bentonite. 

Preliminary results 

Below some examples are given from the numerous 

data obtained from the Buffer Mass Test. The reader 

is referred to /28/ for further details. 

Temperature, 1200 W heater hole 

The temperature situation at the end of December in 

the 1200 W heater hole, i e the former 600 W heater 

hole No 3, is illustrated by Figure 4.2. The maximum 

temperature at mid-height of the heater was 

122°c in late December, while the temperature at 

the rock bentonite interface at the same level was 

about 56°c. 
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Figure 4-2. Temperature distribution in hole No 3, six months after test start. 1200 W power. 
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Figure 4-3. Water content change in the "wet" heater hole No 2 during July-December, 1983. 
600 Wpower. 

Water uptake, 600 W heater holes 

Although the moisture sensors 0 n~t serve as very 

accurate indicators of the water content, they give 

valuable information of whether this content 

increases or not. Thus, we find that additional, 
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Figure 4-4. Development of total pressures (p) and water pressures (u) in hole No 2 and 
the overlying backfill. 

but very slight moistening has taken place in the 

second half of 1983 in the 11 Wet 11 holes No 1, 2 and 

5, as illustrated by Figure 4.3. The small 

increase in water content is explained by the high 

degree of water saturation (more than 90%) that had 

been reached already in mid 1983. 
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Swelling and water pressures, tunnel ------------------------------------
By late December the Gloetzl cell pressures at the 

rock/backfill interface were in the range of 44-87 

kPa from the tunnel floor and 1 m upwards, and 

about 12-87 kPa from 1-2 m above the tunnel 

floor.Higher up the values were in the range of 

10-19 kPa, see Figure 4.4. 

By late 1983 the water pressures at the rock/back

fill interface showed a tendency to increase. Thus, 

after a period of practically constant water head 

from December 1982 to early fall 1983, all four 

gauges show a steady pressure increase by about 

10-15 kPa. If this tendency holds, it strongly 

supports the validity of the improved physical 

model for water uptake in the backfill. 
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ECONOMY 

The grand total cost (including actual escalation 

and an estimated future escalation of 10% per year) 

for the Stripa project Phase I over the four-year 

period is 48 MSEK. 

No overrun of the grand total budget is expected. 

A summary of the budget and accumulated costs is 

given below. All figures are in SEK. 

Original 

Budget 

Price level 

Jan 1,1980 

Revised 

Budget 

840123 incl 

10% Annual 

Escalation 

Accumulated Estimated 

Remaining 

Programme 

Project Manage-

ment 3,100,000 2,650,000 2,410,994 239,006 

Stripa General 13,000,000 10,140,000 7,944,612 2,195,388 

Hydrogeological 

Investigations 6,500,000 8,230,000 6,583,496 1,646,504 

Buffer Mass Test 14,000,000 21,400,000 19,254,283 2,145,717 

Migration in a 

Single Fracture 4,150,000 5,460,000 4,347,568 1,112,432 

TOTAL 40,750,000 47,880,000 40,540,953 7,339,047 



6 

29 

PHASE II 

The approved program of research covered by 

phase II started in January 1983, and is 

scheduled for completion in 1986. All seven 

countries, participating in the first phase, 

have decided to continue their membership in the 

Stripa Project in a second phase. In addition, 

the phase II of the Stripa Project is also 

joined by Spain and the United Kingdom. 

THE DEVELOPMENT OF GEOPHYSICAL AND 
HYDRAULIC CROSSHOLE TECHNIQUES 

The current investigation has been set up in 

co-operation between Swedish Geological (SGAB); 

The Swedish National Research Defence Institute 

(FOA), and the British Geological Survey (BGS), 

United Kingdom. The principal investigator is 

dr Olle Olsson, SGAB. The technical content and 

progress of the investigation is presented in 

/16/ and /28/. 

6.1 General 

The purpose of this investigation is to develop -

crosshole electromagnetic (radar), seismic and 

hydraulic (sinusoidal) methods for bedrock inves

tigations which may determine the location, 

extent, thickness, and physical properties of 

fracture zones. The radar and sinusoidal methods 
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will be tested in a specially designed borehole 

configuration at Stripa whereas the seismic 

method mainly will be tested at Gidea, located 

in northern Sweden. The distance between trans

mitter and receiver when performing crosshole 

seismic investigations may be up to 1000 meters 

or more making the Stripa mine less preferable. 

The geology of the Gidea site has been carefully 

investigated by SKBF within their program for 

selection and investigation of potential sites 

for a repository for spent nuclear fuel. 

Site preparation 

The site preparation work at Stripa was in 

progress by the end of the year. Four of the 

seven boreholes were completed and the orienta

tion in space is given in the table below and in 

Figure 6.1. 

Borehole Direction Dip Length 

(degrees) (meters) 

El E 6 300 completed 

Fl E6S 10 200 completed 

F2 E6S 20 250 completed 

F3 El6S 10 200 completed 

F4 El6S 30 250 

F5 E32S 10 200 

F6 E32S 40 250 
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Figure 6-1. Orientation of the boreholes used within the crosshole program at Stripa 

Apart from corelogging, single hole geophysical 

and hydraulic measurements will be performed in 

all boreholes. Preliminary data indicate that the 

boreholes intersect several fracture zones suit

able for the crosshole program. 

No site preparation work was needed at Gidea. 

Borehole radar 

An existing system for borehole radar measure

ments has been used for single-hole reflection 

measurements in boreholes El, Nl, Fl, F2 and in 

the pilot borehole for the experimental drift 

used in the 3n -igration experiment, see chapter 

7. In addition, crosshole measurements have been 

carried out between boreholes El and Nl. 
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The result from these measurements turned out to 

be very promising, and based on the experience 

gained an improved tentative radar system was 

designed. The expected major improvements are 

higher power output, better data quality and 

larger dynamic range. Data aquisition will be 

made in the borehole by a 16 bit A/D converter 

and serial transmission to a surface control unit 

on optical fibres. 

Based on the obtained field data, different 

signal processing techniques have been investi

gated in an attempt to improve the radar images 

degraded by the antenna resoncance (ringing). A 

deconvolution filter with prewhitening has given 

significant enhancement of the radar images. The 

reflections from fractures come to stand out more 

clearly and new reflections may be seen from 

fractures not observed previously. The signal 

filtering routine is made as a part of a general 

software package developed for data storage, 

display, and analysis of radar data. 

Crosshole seismics 

Development of evaluation and interpretation 

techniques as well as modelling have a high 

priority within the crosshole seismic program. 

Instrumentation development should concern itself 

mainly with the improvement of the existing 

instruments for field applications. 

The geophone units have been replaced by high 

sensitive accelerometers. The replacement is 

necessary in order to do measurements in dipping 

holes. It also broadens the frequency band 

towards higher frequencies. 



6.5 

33 

The effects of microexplosions in boreholes as 

well as radiated energy level, repeatability, 

duty cycle and security of a pilot gas exploder, 

have been tested at Stripa. The effect of the 

microexplosions were minor whereas repeatability 

was not obtained when using the gas exploder. 

Microexplosions were used as the energy source in 

a successful field test at Gidea. Good signals 

were recorded even with 30 g charges at 1000 m 

distance. 

Synthetic computation for seismic wave propaga

tion is made by a finite element method and theo

retical seismograms can be calculated for arbi

trary structures. The various signal phases can 

be plotted in different colors on a digital 

plotter. 

Work has been done on tomographic imaging of 

velocity structures. Iterative methods for taking 

the ray-bending into account have been investi

gated. A new algorithm for improving the rate of 

convergence in the iterations have been tested. 

Crosshole hydraulics 

Work on the theory of the transmission of sinus

oidally varying hydraulic pressures resulted in 

an interpretation technique that was tested with 

synthetic data. The technique takes field data 

fronL receiver zones and makes a best fit based on 

whichever basic hydrogeological configuration is 

selected. These configurations range from single 
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fissures to anisotropic porous media. The output 

is in terms of a bulk rock permeability tensor 

(separate rock and fissure properties are derived 

if appropriate) for each source point. 

The design of the equipment was completed during 

1983 and the assembling was started. Development 

of the software for measurement control was in 

progress by the end of the year. 

THREE -DIMENSIONAL MIGRATION EXPERIMENT 

The principal investigator for this experiment is 

Prof Ivars Neretnieks, Royal Institute of 

Technology (KTH), Sweden. The technical content 

and progress of the investigation is given in 

/17/ and /28/. 

General 

The experimental layout of this experiment is 

shown in Figure 7.1. The total length of the test 

drift is appr 100 meters. Nonsorbing tracers will 

be injected at a maximum of nine different 

locations in the injection holes. The maximum 

distance from the uppermost injection point down 

to the drift is appr 50 meters. 

No sampling holes will be drilled. Instead, the 

entire roof and part of the walls will be covered 

by plastic sheets where the water will be col

lected. 

Site preparation 

The main activities during 1983 were related to 

site preparation. 
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Figure 7-1. Experimental layout of the three-dimensional migration experiment 

The experimental drifts are located in an area 

hydrogeologically 11 Undisturbed 11 from mining 

excavations. 

A 190 meter long pilot borehole was drilled along 

the planned major test drift. The core was logged 

and the hole was inspected by TV-camera. In addi

tion, radar and hydraulic conductivity measure

ments were carried out. 

The radar measurements indicated no dominant 

fracture zone in the area of the experimental 

drift. The range of the radar survey was 50 

meters. 

The hydraulic conductivity measurements carried 

out in 7.5 m zones gave a conductivity of 

10-11 _ lO-g 
m/s. 
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The excavation of the drifts was completed in 

early fall 1983 and was followed by cleaning and 

geological mapping. In addition, stereo 

photograhing was carried out. 

The covering of the roof and part of the walls 

with plastic sheets started by the end of the 

year. Goodrich PL 400 glue and PVC-sheets with an 

area of 1 x 2 m were used, which means a total 

number of appr 350 sampling sheets that will 

serve as sampling "points" during the tracer run. 

BOREHOLE AND SHAFT SEALING TESTS 

The principal investigator for this study is Prof 

Roland Pusch, Swedish Geological, Sweden. The 

technical content and progress of the project are 

given in /18/ and /28/. 

General 

The general objective of the Borehole and Shaft 

Sealing Test is to demonstrate the construction 

phase of borehole, shaft, and tunnel plugs, as 

well as to determine the sealing effects of such 

plugs using highly compacted bentonite. 

Borehole plugging 

Highly compacted bentonite surrounded by 

perforated copper tube was used to plug appr 95 

meters of borehole DBH 2 which runs parallel to 

the Buffer Mass Test drift. Figure 8.1 shows the 

installation of the assembly. 
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Water is injected through filters along the bore

hole in order to test the sealing function of the 

bentonite. The clay plugs became so tight 

already in the first few weeks that further pres

sure tests could not be performed without distur

bing the ongoing tests in the vicinity. The plug 

will be excavated and analysed in detail after 

completion of the Buffer Mass Test. 

A duplicate test using highly compacted bentonite 

surrounded by a perforated copper tube and a 

steel mesh respectively was initiated by the end 

of the year. Figure 8.2 shows the steel mesh 

surrounding the highly compacted bentonite. 

Shaft sealing test 

A schematic layout of the test is shown in Figure 

8.3. The observation holes and the shaft itself 

have been hydrogeologically mapped. 

Five major structural discontinuities were iden

tified with different expected reactions to the 

swelling potential of the bentonite plugs. 

The reference test facilities with two concrete 

plugs and the sand/silt-backfilled injection 

chamber were in place in late 1983 as well as 

most of the steel cones for water collection. All 

of the 16 observation holes were packer-sealed 

for isolation of major rock discontinuities that 

are connected with the injection chamber. 
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REFERENCE TEST 

Figure 8-3. Schematic layout of the vertical shaft sealing experiment 

Tunnel sealing 

The purpose of this subproject is to investigate 

the suitability of using highly compacted 

bentonite for sealing a highly fractured 

waterbearing zone crossing a drift. In the actual 

experiment at Stripa an artificial zone is 

created using perforated pipes around the 

periphery of the tunnel, see Figure 8.4. 

The excavation of the tunnel was completed during 

spring and the extensive construction phase 

continued throughout the year. 
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Figure 8-4. Schematic layout of the tunnel sealing experiment 
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ECONOMY 

The grand total cost, including an estimated 

annual escalation of 10%, for the Stripa Project 

Phase II is 60 MSEK. This figure does not include 

the costs for the proposals mentioned in 

Chapter 1. 

A summary of the budget and accumulated costs is 

given below. All figures are in SEK. 

Programme 

Project Management 

Stripa Generally 

Crosshole Techniques 

3-D Migration 

Experiment 

Borehole Sealing 

Fracture Flow 

TOTAL 

Budget including 

10% annual esca

lation 

3,700,000 

14,150,000 

22,400,000 

8,350,000 

10,200,000 

1,200,000 

60,000,000 

Accumulated 

costs 

268,203 

697,414 

2,316,039 

2,166,458 

4,484,078 

9,932,192 

Estimated 

remaining 

funds 

3,431,797 

13,452,586 

20,083,961 

6,183,542 

5,715,922 

1,200,000 

50,067,808 
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