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TASK No. 4 : RESEARCH IN SUPPORT OF THE DEVELOPMENT OF DISPOSAL FACILI-
TIES; SHALLOW LAND BURIAL AND GEOLOGICAL DISPOSAL STUDIES

A. Objective

Evaluation and modelling of the long-term behaviour of the geological
barrier

Development of disposal facilities.

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

a) Work related to sites and their characterization

- General survey of geological formations and development of
measuring techniques with a view to develop large scale in-situ

characterization of the geological formations by direct or
indirect methods

- Geoprospective studies : development of an operational method

for the prospective analysis of the characteristics of
geological containment

- Rock mechanics studies.

b) Work related to geological repositories and barriers
- Improvement of the designs and technologies required for the

setting up of repositories in geological formations (salt,
granite, clay)

Development of long-lived containers for vitrified waste and of
methods for the backfilling sealing of openings in geological
repositories.

c) Work on radionuclide migration in the geosphere
- The work mainly comprised integral experiments on migration
simulation, laboratory studies concerning the properties of
materials from specific sites, hydrogeological investigations,
research on natural geological migration systems and the role of
micro~organisms, and, finally, the development of calculation

tools and the intercomparison of codes regarding transport and
geochemistry.

d) Shallow land burial

- Studies dealt with migration phenomena, improvement of barriers
and radiological assessments.



D.

1985-1989 programme

The work is mainly a continuation of the research started during
the 1980-1984 programme; however, special emphasis is being put
on calculation tools and their intercomparison, on investigations
attached to specific sites as opposed to laboratory work of
general nature, on the role of colloids and complexes 1in
radionuclide migration, on studies of natural analogues, and on
the development and assessment of various backfilling materials
and concepts.

Coordination is ensured by a structure of projects or working
groups :

CosA : Comparison of Rock Mechanics Codes for Salt

COMPAS : Container Mechanical Performance Assessment

B&S : Backfilling and Sealing

MIRAGE : Migration of Radionuclides in the Geosphere
COCO : Colloids and Egmplexes

CHEMVAL : . Geochemical Benchmark for Mirage

NAWG : Natural Analogue Working Group

Programme jmplementation

The available information on the contracts signed is 1listed
hereafter.



4.1 RESEARCH RELATING TO SITES AND THEIR CHARACTERIZATION






4.1.A. General survey of geological formations and development
of measuring techniques




The 600 m borehole project:
"Development of a surveillance method during dry-drilling
of a 600 m deep borehole in salt and performance of
geotechnical measurements in the 600 m hole"

Contractor : Netherlands Energy Research Foundation (ECN)
Petten, The Netherlands

Contract No. : FI-1w /0084

Working Period: August 1986 - December 1990

Project Leader: J.R. van Seuren

A. OBJECTIVES AND SCOPE

The experiments performed in the Asse II salt mine in the FRG
under the contract with the CEC during the previous programme (1980 -
1984) were carried out in a drilled hole of 30 cm in diameter and
300 m in depth; since then a dry drilling technique was developed for
larger diameter holes and greater depths. In this project this tech-
nique will be tested by drilling a borehole with a diameter of 60 cm,
typical for a disposal hole, and a depth of 600 m.

An alternative for the reconnaissance drilling which takes place
before the actual drilling, will be developed with GSF.

The free convergence measurements of the salt as a function of

depth of the hole, will be carried out. In a subsequent phase of the
programme, non-isothermal pressure measurements will be done at three
different levels in the hole. At the bottom of the hole convergence
measurements with variable back pressure (isothermal lithostatic
measurements) will be performed. Because of the complexity of the
total construction the measurements will be done in two boreholes
(Figure 1). All these results will be used for the validation of
analytical techniques and computer codes.

. WORK PROGRAMME

Drilling of the borehole.

Surveillance method.

Isothermal convergence measurements.
Non-isothermal lithostatic pressure measurements.
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C. PROGRESS OF WORK AND OBTAINED RESULTS
Drilling of the borehole

Although not in the contract with the CEC, the drilling of the
600 m holes with a diameter of 60 cm is a vital part of the experi-
ment. This drilling is carried out by GSF under contract with BMFT.
Several technical difficulties were encountered during the drilling
of the first hole. The depth of the first hole is 300 m with a non-
acceptable quality for performing experiments. The drilling of this
hole will therefore restart early 1989.

Surveillance method

The system for analysing the gases in the flushing air has been
designed and built. A principle drawing of this system is shown in
Figure 2.



During drilling of the experimental boreholes the gas components
in the flushing air were determined. H,S has not yet been found in a
detectable amount. Hydrocarbons have been determined in the range of
up to 40 vpm. The CO, content of the flushing air coming from the
compressor goin g into the borehole is about 350 vpm, it is increased
to 500 vpm when it leaves the borehole. The rock salt horizons which
were penetrated during drilling were comparatively dry, therefore no
additional water content in the flushing air before it enters the
borehole and after it leaves the hole, was found.

In addition to determination of the gases in the flushing air,
samples of the drilling fines were taken in order to determine their
remaining gas content and their mineralogical composition.

Isothermal convergence measurements

The complete experiment is still in its construction phase. The
major auxiliary equipment, which serves the complete experiment has
been designed and ordered.

This free convergence will be measured at 100, 250, 400, 500 and
600 m level. The construction for measuring at the first four levels
will be identical. The construction for measuring the free conver-
gence at 600 m level is especially designed to measure the end effect
of the bottom of the hole on the convergence. This construction is
shown in Figure 3 and is momentarily in its testing phase.

Non-isothermal lithostatic pressure measurements

This experiment will be carried out in the same hole as the free
convergence measurement. The deformation on the inserted tube in the
hole will be measured.

The tube will be inserted in the hole at different levels and
then be heated to close the gap between tube and salt. This experi-
ment is in its design phase.

Isothermal lithostatic pressure measurements

The design of this experiment is based on the working of an
inflatable rubber membrane. The construction should be supported by a
central column which can withstand the total force of several ton.s,
which is exerted on the construction when this membrane is inflated
to 200 bar or more. It is the intention to control the process from
the 750 m floor in the mine. This construction will operate on the
bottom of the first 600 m hole. As a controlling medium a fluid will
be used. This experiment is in its design phase. A preliminary design
is shown in Figure 4.



OYNAMIC ISOTHERMAL LITHOSTATIC FREE CONVERGENCE MEASUREMENT OVER
PRESSURE MEASUREMENT THE LENGTH OF THE HOLE

NON ISOTHERMAL LITHOSTATIC MEASUREMENTS
AT THREE DIFFERENT HEIGHTS

FIG. 1. SKETCH OF THE 600 m BOREHOLE MEASUREMENT SET-UP
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Faults i~ clays: their detection T
Contractor; BGS, Keyworth, Nottingham, UK
Contract No.: FI1W/0085/UK
Contract Period:  October 1986-October 1989

Project L eader:  M.A.Brightman

A. Objectives and Scope

Faults occur in most mixed sedimentary environments but their effects on regional
groundwater flow patterns are poorly understood. The hydrogeological significance of
faulted clay layers is of particular relevance where mudrocks are potential host formations
for radioactive waste repositories.

In cooperation with ISMES of Italy two faults through clay layers will be studied
(one site in the UK and one in Italy). The project has three objectives :-
1. To develop suitable geophysical techniques to detect water bearing faults in clays. These
techniques will aim to differentiate between hydraulically active faults and those which are
either sealed or non-water bearing.
2. To measure the hydrogeological properties of faults in sequences of mudrocks and
aquifers. This will be achieved by measuring the hydraulic and chemical properties of the
fault directly and by measuring the effect of the fault on the underlying aquifers.
3. To define suitable techniques for use in site investigations and methods for assimilating

faulted boundaries into flow and transport models in clays and mixed sediments.

B. Work Programme

B.1. Desk study to evaluate a number of potential UK study sites; selection of two
preliminary sites.

B.2. Initial geological and geophysical investigations of the preliminary UK sites; selection
of the final study site.

B.3. Development of geophysical techniques for fault identification.

B.4. Detailed geophysical survey of the study site.

B.5. Borehole drilling.

B.6. Wireline geophysical logging of the boreholes.

B.7. Hydrogeological testing of the boreholes.

B.8. Synthesis of the results to evaluate the significance of the fault.

- 14 -



C. Progress of work and obtained results

State of advance

A series of exploratory boreholes were drilled to determine the location and geometry
of the Down Ampney fault. This was followed by an array of accurately located boreholes
drilled perpendicular to the strike of the fault. This array was specifically designed for
measuring the geophysical and hydrogeological properties of the fault zone. Detailed
geophysical characterisation of the fault is well advanced. Multiple high resolution resistivity
measurements have been made in the area straddling the fault. A number of seismic p-wave
cross-hole tomograms of the fault zone have been obtained. Hydrogeological testing and
groundwater sampling is in progress.
B.5. and B.6. have been completed.
B.3., B.4,, and B.7. are in progress.

Progress and results
1. Exploratory borehole drilling ( B.5.,B.6.)

A series of exploratory boreholes were drilled at Down Ampney to locate the fault as
accurately as possible and to determine its throw and dip. Secondary aims were to obtain
resistivity logs to refine the interpretation of resistivity traverses and to obtain core samples
for laboratory measurements.

Two fully cored deep boreholes, DA1 and DA2 (Figure 1), were drilled to penetrate
the Combrash aquifer underlying the clay on either side of the fault. Core samples were
taken and wax sealed at regular intervals for a range of laboratory investigations which
include pore water squeezing, physical property determinations, geochemical and
mineralogical studies. Vertical and horizontal resistivity has been measured on a large
number of Oxford Clay specimens and the results show a considerable degree of anisotropy
with the vertical resistivity being approximately twice to three times the horizontal
resistivity. Detailed geological core logging showed a total displacement of the top of the
Combrash between the two boreholes of aproximately 47m. A comprehensive wireline
logging program was performed in both holes which consisted of natural gamma, neutron,
density, focussed resistivity, 16-64" normal resistivity and caliper logs.

Seven shallower cored boreholes, 18-36m deep, numbered DA3 to DAY in Figure 1,
were drilled across the predicted line of the fault. Two boreholes, DA7 and DAS, penetrated
the entire fault zone and a full set of cores were recovered. Geological examination of the
core from these boreholes showed that the clay for some distance above the fault was
disturbed with bedding dipping up to 40°. The fault zone itself consisted of two distinct

- 15 .



shear planes approximately 3m apart and detailed lithological examinations estimate the
throws across these two planes are approximately 25 and 27 metres. Correlations between
the two boreholes indicate the fault plane dips at approximately 70° to the north.

2. The array of measurement boreholes (B.5.,B.6.)
An array of 13 boreholes (Figure 1) was drilled perpendicular to the fault strike

specifically for the characterisation of the geophysical and hydrogeological properties of the
fault. The main aims of this phase of drilling were to ensure that the boreholes were suitably
positioned relative to the fault for the detailed measurements, that the borehole completions
were of a very high standard and to obtain core samples for laboratory measurements.

The boreholes were not fully cored, but particular attention was paid to obtaining core
from the fault zone and sections to be completed with well screens or piezometers. In total
some 230m of core was cut. The boreholes confirmed that the Down Ampney fault is a
normal fault striking east-west and downthrowing approximately 50m to the north. The fault
plane/zone dips c.70° towards the north. The core from the measurement array boreholes
has only been briefly examined in the field, however a few initial observations of the
structure of the fault may be made. The upper part of the fault zone at Down Ampney has
only been observed in the Oxford Clay where it consists of gently to steeply dipping
bedding planes with occassional steeply dipping fracture planes. Different lithological types
grade into each other and sedimentary features can be recognised. This disturbed zone
appears to be approximately 5-10m thick. The main fault zone is 1-2m thick and is generally
very near the bottom of the disturbed zone. In the main fault zone different lithologies are
sheared against each other and the boundaries between units are of a variety of dips and
directions. In some sections of the main fault zone the mudstone appears to be completely
re-worked and totally devoid of sedimentary features, but in others it is heavily fractured,
shattered and slickensided shear zones are present. The upper boundary of the fault zone
and the edges of the main fault zone are not easy to define absolutely due to the gradational
nature of the fault and variations in character between boreholes which are close together.
The lower boundary of the fault zone is sharper and generally more easy to define.

Four of the boreholes (DA10, DA11, DA15 and DA18) were completed with 100mm
internal diameter casing and well screen and the remaining nine boreholes were completed as
19mm internal diameter piezometers. The boreholes are shown in section in Figure 2.

3. Detailed geophysical characterisation of the fault zone (B.3.,B.4.)

Multiple high resolution resitsivity measurements have been made in an area 50m

square which straddles the fault adjacent to the boreholes. Measurements were taken with

- 16 -



current flow parallel and perpendicular to the fault. The resultant resistivity values have been
contoured and clearly show the fault. More detailed interpretation of these data is
progressing.

A series of cross hole seismic p-wave measurements were performed using six pairs
of the shallow exploratory boreholes penetrating and adjacent to the fault. This was
followed by a more comprehensive cross-hole seismic p-wave survey utilising the array of
measurement boreholes. Five p-wave cross-hole tomograms of the fault zone were
produced. A new spark source, which has been further developed in-house as part of this
project to provide a 1.2 kHz frequency, 1.5m wavelength signal, was used as the p-wave
source. Ten hydrophones were used as receivers, and these were supplemented by four
surface hydrophones for one section. Each tomogram incorporates at least 900 rays giving
excellent ray coverage with typically one metre ray separation. Figure 3 shows the
preliminary straight wave tomogram for the section between DA10 and DA18; the fault zone
is immediately obvious in this simplest of interpretations. Full processing is currently in
hand which will resolve some of the features in the sections more clearly and lead to
estimates of the dynamic properties of the fault zone.

4. Hydrogeological testing and groundwater chemistry (B.7.)

The array of measurement boreholes will allow depth profiles of groundwater head,
hydraulic conductivity amd groundwater chemistry to be measured in unfaulted rock on both
the downthrow and the upthrow sides of the fault and in the fault zone itself. Groundwater
head measurements and pulse tests have been performed in all the piezometers and constant
rate abstraction tests have been performed in DA11 and DA18. The data from these tests are
currently being interpreted and further tests performed. Groundwater samples have been
obtained from the Combrash aquifer from DA11 and DA18 and from the White Limestone
from DA10. Pore water samples of approximately 20cm3 have been squeezed from 16 core
samples taken from the exploratory boreholes DA1 and DA2.
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igme 1. Borehole location plan for the Daan Ampney Prasareh St chnwing contonrs on

the fault plane at 0 and 99m helow ground level.
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METHODOLOGY FOR APPLICATION QF ELECTRIC AND ELECTROMAGNETIC BOREHOLE
TECHNIQUES FOR DETAILED EXPLORATION OF FRACTURED ROCKS

Contractor : BRGM, Geophysics department, Orléans, France.
Contract n° : FI1W/0086/F.

Duration of contract : July 1986 - June 1989.

Project leaders : G. POTTECHER, P. VALLA.

A. OBJECTIVES AND SCOPE

The aim of the research work is first to complete the technical
developments of three borehole geophysical methods for which prototypes
have been built, and second to develop a methodology for these tools
applied to detailed investigation of fractures.

These tools are :

- ELIAS, an electrical imaging technique to investigate the
borehole wall and determine the depth, strike and dip of conductive or
resistive fractures,

- ROMULUS-ERIC, a set of induction transmitter-receiver probes
to point out conductive fractures and measure their conductance with a one
to a ten meters radius of investigation,

- ARLETT, a three axis induction receiver used together with a
surface elecromagnetic transmitter, to help assess the geometry of the
more conductive fractures in a ten to one hundred meters range.

The first and third systems are still in the technical
development stage while the second is now operational. Numerical modelling
of the methods is needed to fully assess their capabilities.

B. WORK PROGRAMME

1. Technical and theoretical development of electric and electromagnetic
probes.

1.1. ELIAS

.1.1. Firmal step of prototype development

.1.2. Design of data acquisition and processing software

.2. ROMULUS-ERIC

2.1. Design of modelling software for thin sheet conductors
2.2. Set up of a catalog of theoretical response curves
2.3. Study of complex geometry of thin conductors

3. ARLETT

3.1. Study of improvements to be made in the probe design
3.2. Development of a new prototype

3.3. Numerical modelling

— b b b b e et et
« e e o o

. Field tests and methodological studies

. Tehnical field tests of ELIAS and ARLETT

. Methodology for detailed exploration of fractured rocks
.1. Data acquisition on available test sites

.2. Data processing and interpretation

.3. Analysis of results and methodology assessment

NNNNNN
e e e & o
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

Technical developments done this year include the completion of
the imaging probe ELIAS and of the analogic modules in the 3-axis electro-
magnetic probe ARLETT.

Methodological work on the ROMULUS and ERIC systems has been
completed with model computations, complementary data acquisition and
throughout interpretation work.

Operational capability of ELIAS is proven. Data is now being
interpreted.
Progress and results
1.1, 2.1, 2.2. ELIAS probe

The prototype probe including an orientation module and
16 measuring pads has been constructed.

A data acquisition system has been designed for a field micro-
computer, enabling image display and magnetic data storage in real time.

Other software developments include a basic processing module
(image normalization and orientation) and a program for enhanced display
and fracture picking. '

The complete system has been field tested in granite and proved
to be successful in fracture delineation. A large set of data has been
acquired for methodological purposes (Figure 1 : ELIAS images).

1.2, 2.2. ROMULUS and ERIC probes

An extensive model catalogue has been computed and synthetized
for efficient use. It contains the following conductive thin structures in
various attitudes : intersected disc, missed square plate, missed half
plane, infinitesimally small plate.

Data has been acquired at 3 sites in fractured metamorphic
schists. The interpretation process based on the model collection was used
to exploit them. It could be shown that valuable information can be
derived from electromagnetic measurements regarding fracture exploration
in this kind of rock.

1.3.2, 1.3.3. ARLETT system

The monoaxial ARLETT probe was modified in order to increase the
maximum operating frequency from 900 Hz to 3000 Hz and to make it easier
of use. These improvements will be kept for the triaxial probe.

The set of 3 sensors for ARLETT have been designed and
constructed. The «crosstalk level meets the requirements. Additionnal
developments include specific amplifiers and filters and an A/D converter.
These last circuits are being tested.

A rich model catalogue has been established, involving conduc-
tive square plates and half planes in various attitudes for all field
components. An interpretation procedure based on these data could be esta-
blished.
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2.2. Complementary methodological work

A survey has been carried out with an electrical crosshole array
in granitic rock. It enabled to determine fractures connecting both bore-
holes and yield results in good agreement with crosshole hydraulic tests.
These features make it a usefull complement to electromagnetic methods.
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DEVELOPMENT OF A SELF-CONTAINED DRILL-HOLE CHROMATOGRAPHIC PRORBE

Contractor : CEA - CEN CADARACHE F

13108 - Saint Paul Lez Durance
Contract N° : FI1Ww/0087
Working period : 1 Nov. 1986 - 1 Nov. 1989
Project Leader : J.M. Vinson
A. OBJECTIVES AND SCOPES

The study of the transuranian nuclide migration from radio-
active waste storage places is based on the knowledge of the natural
environment and, in particular, of the chemical composition of the
water : the transfer vector.

In addition to major elements, the water also contains trace
elements which play a prominent part not only on the general equili-
brium, but also on the radionuclide migration possibility.

This is in particular the case of the Lanthanides, present
in the granitic and argillaceous environments, whose role of sorption
competitors with respect to the Actinides has been exhibited throughout
numerous experiments.

The scope of this contract is to manufacture and operate a
chromatographic probe to be used in a deep drill-hole, so designed as to
acquire a representative sample under conditions of equilibrium of the
natural environment, to preconcentrate it by elimination of the saline
content and to store it for ulterior analysis at the surface.

B. WORK PROGRAM

B.1 Process Development

B.1.1 Principle laying-down and delineation. In-laboratory
model

B.1.2 Definition of final probe design after study on
model. Realization and adjustment on CADARACHE site

B.2 Probe Qualification in the Deep Drill-hole of AURIAT

B.3 Application to 3 reference sites
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C. WORK PROGRESS AND RESULTS OBTAINED

Summary

Samples of Auriat water are currently being studied to test
the feasibility of chemical separation and analytic sensitivity.

Analytic studies are continuing in all fields which may
improve and diversify information which can be obtained from soda.

The main activity in 1988 was the tool manufacturing study,
which has almost been completed. The first on-site assembly tests have
taken place. Auxiliary equipment necessary for the smooth operation of
the tests and the experiment were defined. They are currently being
manufactured.

Progress and results

Laboratory model

The above mentioned study has shown that after separation
the lanthanides and %ﬂye transition elements can be analyzed at concen-
trations of about 10~ ion.g/liter.

A study on water taken from the AURIAT well is currently
under way in order to build up a library of well-defined peaks for
conditions applicable to natural water rather than to standard speci-
mens. Moreover, it must determined if the analytic sensitivity is
adequate in different environments, depending on the real concentration
of elements ; in the respect conventional sampling does not give the
best guarantees. Other investigations will be necessary, especially
during early site experiments.

Therefore, analytical work is continuing in several
directions

- Quantitative evaluation of lanthanides and transition
elements in the AURIAT well.

Based on samples, elements are column fixed and the saline
charge 1is eliminated on-line in order to improve neutronic
activation analysis of fixed elements.

- Evaluation of possibilities provided by the "thermal lens"
method, which could improve the performance of the current

technique by at least an order of magnitude.

- Spectrofluorometry sensitivity study for some 1lanthanides,
with or without prior separation.

- Study of the possibilities provided for analysis of anions,
especially those similar to TcOa- technetates.

- Evaluation of other types of cation supports.
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In addition, the current development of some techniques such
as "ICPMS" makes it possible to consider much elementary analysis better
performances. They could be even more advantageous in that removal of
the saline charge and/or divalent elements could add a certain amount of
qualitative information for very low concentration conditions, since the
main advantage of the probe is to sample elements volumetrically on
specific supports (cation or anion columns or ultrafilters for colloid
analysis columns) with a minimum of disturbance.

2. MANUFACTURE AND DEVELOPMENT OF THE EQUIPMENT

2.1 Development

In parallel with the FORALAB program, some modifications
have been made both to function controls and to component testing.

2.1.1 Upper valve (Id. 20)

The valve rating on the tank level has been adjusted such
that it is possible to keep all circuits at a pressure slightly above
that in the borehole, so that the acid pump cannot discharge freely
alone.

2.1.2 Electro-valves

The solenoid power supply system has been modified in order
to restrict the electrical power supply required for opening. Thermal
release remains at a reasonable level thus avoiding the risk of a power
cut during long period operation.

2.1.3 Machining

In order to limit the possibility of solenoid-valves being
blocked by stray chips, machining procedures have had to be modified :
especially for drilling.

2.1.4 Component tests

During operation of the "FORALAB" probe and during workshop
tests of elements of the "chromato" probe, it became apparent that the
operation of some components - especially solenoid valves - did not
comply with nominal characteristics supplied by the manufacturer.

In addition, the use of a poor thermal conductor under the
special geometry conditions over 1long periods and inside a stainless

steel duct is not favorable for the long life of these characteristics.

It is therefore necessary that all components be tested
individually, simulating their real conditions of use.

Some of the initially selected components had to be
replaced.
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2.1.5 Logistics

Some systems such as the "FORALAB" and "Chromato" probes
differ from conventional geophysical probes due to their length and
weight (greater than 100 kg). Consequently, many modifications were made
to the entire drill hole support system. The cable support, pulleys and
brake support plates have been changed.

2.2 Appendices

In preparation for on-site laboratory experiments, essential
equipment has been defined and is currently being manufactured.

2.2.1 Assembly rig and surface tests

During tests the equipment must be in its complete operating
condition, and vertical. Due to its length, a support must be available
to position the stages side by side and connected by hydraulic and elec-
tric connections. It must be possible for this support to be horizontal
for assembly and vertical for operation.

2.2.2 Pressurizing rig

To simulate drilling conditions and to carry out sealing and
smooth operation tests on the surface, a rig is necessary to pressurize
the probe and the acid tank piston.

This rig contains one 1 liter tank, an external chromato
pump make up supply, a nitrogen supply for pressurising, a water level
indicator, a purge, a pressure sensor and an external circuit, and a €O,y
supply to purge air before adding water.

Before each experiment, it will be necessary to test that
circuits and valves are tight. Filters shall be changed and the
discharge checked.

2.2.3 Electrical test rig

Before putting the tool down the bore-hole, all active and
passive electrical functions must be tested : solenoid valves, wate
pumps and detectors, electrical and electronic continuity in the control
and power supply racks, at the cable support and each stage of the
equipment.

An exhaustive list of systematic tests to be carried out is
under preparation.

List of publications

International symposium

"Hydrogeology and safety of radioactive and Industrial Hazardous waste
disposal™.

ORLEANS - FRANCE 7-9 June 1988
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The Detection and Measurement of Faults in Clay

Contractor: University of Exeter, Exeter, UK.
Contract No: FI1Ww-0088-UK

Working Period: September 1986 - August 1989
Project Leader: Dr. E.M. Durrance

A. Objectives and Scope

If faults occur in the rock mass surrounding a nuclear waste
repository, there is a risk that the return of hazardous radionuclides to
the biosphere will take place by migration along these zones of higher
permeability. However, the detection and characterisation of faults is
difficult, especially in soft rocks such as clay, and little development of
techniques has taken place. The objective of this programme is to develop
techniques that will be suitable for routine use in both the preliminary
and detailed stages of site investigation. The approach used is based on
the observation that faults act as zones of preferential migration in the
natural degassing of the Earth. Soil gas exploration methods are applied to
detect zones of anomalous gas geochemistry. The procedure followed is based
upon samples obtained from a depth of about 0.5m along a series of traverse
lines. Once a fault has been located, spiking of the high permeability zone
from a borehole drilled to intersect the fault plane, will take place with
specific gases of different compositions. The ground will then be
resurveyed to determine the migration characteristics of the gas within the
fault. Test sites in the UK and Italy are to be investigated in
co-operation with BGS (Keyworth) and ISMES (Rome). BGS and ISMES are
responsible for site selection and the drilling programme, but some trials
will be conducted at sites near Exeter.

B. Work Programme
B.l. Equipment development.
B.2. Site selection.

B.3. Soil gas geochemistry.
B.3.1. Reconnaissance soil gas surveys measuring 4He, 220Rn, 222Rrn, 03,
CO2 and some organic gases.

B.3.2. Detailed soil gas surveys of anomalous zones identified in the
reconnaissance surveys.

3. Spiking of vertical boreholes and resurvey of soil gases.

.4. Spiking of inclined boreholes and resurvey of soil gases.
. Modelling and interpretation of results.
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C. PROGRESS OF WORK AND OBTAINED RESULTS

Summary 4

The running of the He mass spectrometer in the mobile laboratory
powered by portable generators has been improved. A gas chromatograph for
additional soil gas analyses has been evaluated. At a selected clay site
(Westrow) a major fault has been detected. A two week visit to the ISMES
site at Orte (Italy) 1in October 1988 was necessarily cancelled due to
unavoidable access problems and exceptionally heavy rain. A short
successful reconnaissance visit was made to the Narni site in December.
Equipment and supplies for initial gas injection tests at Down Ampney are
complete.

Equipment development (B.l.) 4

Electrical smoothing apparatus has been purchased for use with the "He
mass spectrometer installed in the mobile laboratory. This reduces
interference on the helium response trace when the detector is run from
mobile generators. Use of a local mains source is still preferred, however
there may be scope for further improvement to ensure that low background He
values are not obscured by noise.

At present, for the detection of CH a gas chromatograph with a
thermoconductivity detector is being tested using argon as carrier gas. The
CH, detection limit is currently 30ppm, and CO, can be analysed at the same
time. This prbvides a back-up to the portable analyser and should prove
valuable where water saturation of the ground allows only a little gas to
be withdrawn without water being sucked into the sampling equipment.

Soil gas geochemistry (B.3.2.)

Westrow, the site selected for independent testing of the soil gas
technique, 1s on Oxford Clay in north Dorset (U.K.). Two north-south
striking faults, the Goat Hill - Westrow and the Crouch Hill Faults are
believed to cut the area. Soil gas signatures from the current work
correspond to the projected positions of the faults as indicated by other
displaced strata on the B.G.S. (British Geological Survey) Shaftesbury
map. The presence of marshy zones and natural ponds provide supporting
evidence for the fault locations. Explanation of some anomalies in soil gas
distribution 1is not yet clear, though some may correspond to shear faults
associated with strike-slip movement on the Goat Hill - Westrow Fault.
Further work is planned.

A site assessment visit to the ISMES (Rome) faulted clay site at Narni
(Italy) was made in December 1988. Sampling was at 6.25m intervals from two
closely spaced traverses. Both soil gas COC and He increased from near
atmospheric levels (0.035% and 5220ppb) to 1.6% and 5446ppb respectively
over the anticipated position of the fault. Consistent changes in CO over
3 to 5 sample points suggest the potential for a reconnaissance survey with
wider spacing, covering more ground, followed by detailed measurements in
selected areas. No modification of results occurred over ploughed ground
where the standard 0.5m sampling depth was increased to 0.75m. Future work
in 1989 will increase the number of background data values away from the
fault to confirm that the high values found do not result from some other
feature. The Orte (Italy) site is thought to offer less potential for soil
gas work due to complications related to vegetation cover.
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Spiking of Boreholes (B.3.3.and B.3.4.)

Information has been obtained from B.G.S. concerning boreholes drilled at
the Down Ampney (U.K.) faulted clay site. All are vertical, the north dip
of the fault being sufficient to obviate the need for inclined holes. One
borehole (No.10), with a screened section in the permeable Cornbrash, 3 to
Sm distant from the fault plane, is the closest intersection to the fault
and will be wused for gas injection experiments. A packer with a 1 metre
long rubber sleeve is available to seal the borehole above the test section
in the permeable horizon. Concentration of CO,, passing up through the
fault, will be measured on the surface. Later experiments will use helium
as well. Drilling of the boreholes through the concrete runways may give
problems with measurement of induced soil gases due to the capping effect.
Soil probes will be placed in adjacent ground as near as possible to the
fault plane. Work will commence in late February 1989, depending on
availability of boreholes.
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FAULTS IN CLAYS: THEIR DETECTION AND PROPERTIES

Contractor: ISMES S.p.A., Bergamo, Italy
Contract N°: FI1W/0103

Duration of contract: November 1986 - May 1990
Period covered: January 1988 - December 1988
Project leader: Ferruccio Gera

A. OBJECTIVES AND SCOPE

The contract has to be coordinated with a companion contract to
BGS to perform similar work in UK clays.

Faults and fractures are known to intersect argillaceous
formations that might be considered suitable as host rocks for a
radioactive waste repository. In some cases these structural
discontinuities have been observed to enhance the hydraulic
conductivity of mudrocks. Consequently any argillaceous formation
considered for the location of a waste repository should be
characterized thoroughly from the points of view of occurrence of
fractures and their hydraulic significance.

Available geophysical techniques with the capability of
revealing the existence of structural discontinuities in mudrocks,
particularly water-bearing ones, could be developed, then site
investigation studies would rely more on geophysics and less on
drilling with significant advantages from different points of
view.

The objectives of the contract are:

- to develop suitable geophysical techniques to detect water-
bearing faults in mudrocks. The main intended application is for
surface investigations, but possible application in tunnels and
boreholes should be considered;

- to carry out hydraulic testing across deep faults to determine
their hydraulic conductivity and the hydraulic conditions of any
measurable water flow;

- to define suitable techniques for use in site investigation
campaigns.

B. WORK PROGRAMME
The project consists of the following activities:

1) a survey within the country to identify sites where faults
intersect mudrocks;

2) chosing the most suitable sites for carrying out field work;

3) drilling at least two boreholes in such a way that the fault
plane will be intersected at a suitable depth;

4) performing geophysical investigations of the fault 2zone both
from the surface and down hole;

5) hydraulic testing of the fault zone (responsibility of BGS);

6) geophysical logging of the boreholes;

7) geotechnical measurements of samples obtained from the cores;

8) hydraulic modeling of groundwater flow in the fault zone.

-32 -



C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

3) An extensive characterization of the clay formation preceeded
the choice of 3 potential drillhole locations; it consisted of:
a) a geophysical electrical reconnaissance survey; b)
a topographic survey. Following the characterization, c) a
first borehole was drilled to a depth of about 90 m with core
recovery for stratigraphic reconnaissance; d) in a second
borehole, 5 m apart (about the same depth), 22 undisturbed
samples were collected.

4) The following geophysical surveys have been carried out at the
Orte site: a) reflection seismic; b) single-hole (sonic,
electrical, natural gamma) logs; c) cross-hole.

5) Hydraulic testing of the fault zone (under responsability of
BGS) was not performed because of the constant characteristics
of the clay body and because of 1logistic problems of our
English colleagues.

6) See point 4).

7) Geotechnical measurements of samples obtained from the cores
started some weeks ago.

Progress and results
3.a GEOPHYSICAL ELECTRICAL RECONNAISSANCE SURVEY

It consisted of resistivity measurements by means of
horizontal and vertical logs along a line approximately orthogonal
to the suspected fault plane (Figure 1). Obtained results (Figure
2) show limited variations in the resistivity values indicating a
sedimentary sequence with constant electrical resistivity (the
clay formation) and a thickness of at least 300 meters. From the
geoelectrical survey no useful indication about the existence of
the suspected fault plane has been obtained.

3.b TOPOGRAPHIC SURVEY

A planocaltimetric survey, covering both the quarry and the
immediate surrounding area, has been carried out in February 1988
to locate precisely 3 points for drilling. The objective was to
drill through the fault plane at a depth between 55 and 80 meters.
The probable position of the fault plane at depth has been
estimated by extrapolating the fault plane recognized and measured
on the quarry face.

3.c FIRST BOREHOLE

The first borehole (0S1) was drilled with a simple core bit
without using either mud or water up to -18.30 m; from that point
to the bottom a double corer and water have been used, and the
final diameter, at depth 90.50 m, was 146 mm. Continuous coring
allowed to investigate the characteristics of the clay formation.
The recognizable sedimentary features were: some gravel levels in
the first 18 m and then only some very thin sand layers (1-5 cm at
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the most), very few fossils and some metallic nodules (mainly
pyrite). Fractures have been encountered only in very few
occasions: at about -32/-33 m, -55.80 and -60/-61; this 1last
discontinuity could correspond to the foreseen depth of the fault
plane for 0S1, even if somewhat shallower. However,
notwithstanding the slickensided texture of several fracture
surfaces, no sign of present or past water seepage was noticed and
the discontinuities seemed to be watertight.

3.d SECOND BOREHOLE

The second borehole (0S2) was drilled with a rock bit: coring
was limited to collecting 22 undisturbed or semi-disturbed samples
concentrating the sampling around the depth where the intersection
with the fault plane was expected.

4.a REFLECTION SEISMIC SURVEY

Four high-resolution seismic 1lines have been carried out
(Figure 1). None of the investigated lines seems to indicate
dislocations, even if acquisition parameters were set up to detect
faults with a throw as small as of 1.5 - 2 m. In particular the
line ORTE 1 'shows shallow reflections with a dominant frequency of
about 200 Hz, but no evidence of a fault. In some sections of the
prospection lines (particularly ORTE 2 and ORTE 4) there are
seismic signals that may be interpreted as tectonic disturbances,
but they are probably due to a local low seismic coverage. On the
line ORTE 1 some different energy sources have been tested; they
were: betsy, hammer, air-gun and sparker. Field seismograms and
their correspondent power spectra show that in this area betsy is
the most valid source.

4.b SINGLE-HOLE LOGS

Sonic logs have been carried out, before casing, in both 0S1
and 0S2 boreholes. They have been performed by means of a sonic
probe designed and built by ISMES: it has a diameter of 45 mm and
the measure base is 1 m long. Measurements have been carried out
in two ways. In the first run, P waves velocities at depth
intervals of 0.5 m have been measured. In the second run, a
continuous log with measures every 2.5 cm has been recorded.
Velocity values range between 1800 and 2100 m/s; only at a depth
between 45 and 60 m small velocity variations are present, but
variable density representations show substantially uniform
propagation characteristics (Figure 3).

Electrical logs (spontaneous potential and 16 - 64" normal
resistivity) have been also performed in borehole 0Sl1. Both
resistivity and SP curves are extremely flat, indicating the
absence of relevant lithological variations; resistivity values
are generally low due to the presence of saline fluids.

Finally, natural gamma logs have been performed in both
boreholes, 0S1 and 0S2, cased with a plastic tube. Recorded values
are not relevant: the only appreciable variation is a lower gamma

- 34 .



emission at a depth between 46 and 62 m.

4.c CROSS-HOLE

A cross-hole survey of P and S waves propagation has been
carried out between the two boreholes; measures have been taken at
depth intervals of 1 m. The P wave velocity curve is similar to
those recorded with sonic logs (Figure 3). The S wave velocity
diagram shows constant values (about 500 m/s) up to the depth of
60 - 65 m. Below this depth there is a gradual decrease of
velocity and the seismic signals received show a low energy level.
Because no significant variations were pointed out by single-hole
logs performed in the uncased borehole, we are inclined to
attribute the decrease of energy and velocity to the poor quality
of the casing grouting.

7. GEOTECHNICAL MEASUREMENTS ON SAMPLES
An extensive program of laboratory testing has started on
samples collected in borehole 0S2. In that borehole 22 undisturbed
samples at depths ranging between 31.00 and 66.80 meters have been
taken and some of them have been sent to BGS for water squeezing
and chemical analyses (Table 1). The geotechnical determinations
planned for ISMES's samples are addressed to:
- classification (granulometry, density, Atterberg limits,
calcimetry);
- consolidation history of the formation (edo Ko);
- P and S waves velocity (for different frequencies);
- permeability (mainly on samples near the suspected fault plane).
From very preliminary results, in agreement with literature
data, the clay seems to be strongly overconsolidated (OCR >5); for
that reason some tests (permeability and oedometric) need to be
executed in high pressure cells; this will imply a much longer
time than previously foreseen.
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Figure 1 - ORTE CLAY QUARRY - Location of geoelectrical soundings
Location of seismic reflection\lines
0S1
o Boreholes

~ Resistivity profiles

—VES1 Vertical Electrical Soundings
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CEC = FAULTS IN CLAYS PROJECT
SITE: ORTE CLAY QUARRY

N.o DEPTH (m) LENGTH (cm) CASING DESTINATION
1 31.00 3150 50 metal spare
2 34.00 34.60 60 metal BGS
3 37.00 37.70 70 metal spare
4 40.00 40.70 70 metal BGS
5 43.00 43.40 40 metal spare
6 46.00 46.60 60 metal BGS
7 46.60 47.30 70 metal ISMES
8 47.30 48.00 70 metal ISMES
9 48.00 49.00 100 PVC ISMES
10 49.20 49.80 60 metal ISMES
" 4980 50.50 70 metal ISMES
12 50.50 51.20 70 metal BGS
13 51.20 51.90 70 metal ISMES
14 5190 52.60 70 metal BGS
15 52.60 53.00 40 metal ISMES
16 53.00 53.50 50 metal BGS
17 53.50 53.90 40 metal ISMES
18 53.90 54.50 60 PVC BGS
19 55.20 56.20 100 PVC ISMES
20 60.00 61.00 100 PVC BGS
21 63.00 63.40 100 PVC ISMES
22 66.00 66.80 80 PvC BGS
TABLE 1

CHARACTERISTICS OF UNDISTURBED CLAY SAMPLES
COLLECTED IN BOREHOLE OS2 AND THEIR FINAL
DESTINATION
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EVALUATION AND DEVELOPMENT OF GEOHYDROLOGICAL SURVEYING METHODS
IN AREAS WITH SALING GROUNDWATER

Contractor: RIVM, Bilthoven, the Netherlands
Contract No: FI1W/0160

Duration of Contract: from November 1987 to May 1989
Period covered: January 1988 to December 1988
Project Leader: P. Glasbergen

A. OBJECTIVES AND SCOPE

Both deep and shallow sediments have been explored by o0il and water
companies respectively. A lack of the knowledge of geohydrological
parameters and limited research experience exist with respect to
Oligocene, Eocene and upper Cretaceons sediments in the subsurface of the
Netherlands.

The aim of the project is:

- to investigate, evaluate and to indicate necessary developments of in-
situ measurement systems and methods of geohydrological parameters in
boreholes;

- to give recommandations for the set-up of geohydrological boreholes near
salt structures in phase 2 of the Dutch nuclear waste disposal research
programme;

- to test and compare measurement techniques.

B. WORK PROGRAMME

1.1 Investigation and evaluation of well test methods, the
possibilities of wireline logging, downhole pH/Eh measurements,
isotope dating techniques and sample methods of both  undisturbed
unconsolidated rock and pore water.

1.2 Recommendations for the construction of boreholes.

1.3 Recommendations for an optimized borehole and survey programme.

2.1 Selection of existing deep boreholes in the Netherlands for well
tests.

2.2-2.8 Performing of well tests and sampling of formation water.

Evaluation of the results of different methods and comparison with
results from analyses on formation samples.

C. PROGRESS OF WORK AND OBTAINED RESULTS
State of advancement

Current systems and methods, which are considered of practical use for
the determination of the hydrogeological parameters of sediments around
and above salt formations, have been investigated and evaluated. The
results of this study have been reported in the first interim report mo
728515001, which covers item 1.1 of the work programme described
previously /1/.
Until the moment of the preparation of this report no salt structure has
been designated for a geohydrological survey programme and it 1is wunlikely
this will happen before the termination of the present research project.
Therefore item 1.2 and 1.3 of the work programme will be restricted to
some general recommendations, which will be included in the final report.
Using existing wells, it is not possible to perform tests, which will lead
to parameter values, representative of Oligocene, Eocene and Cretaceous
formations around and above salt structures in North East of the
Netherlands. Therefore the second part of the work programme will be
focussed on the comparison of several existing techniques in low-
permeability formations.
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PROGRESS AND RESULTS

1.1 Investigation and evaluation of hydrogeological surveying methods of

sediments overlying salt formations.

- Different well test methods have been evaluated with respect to the
determination of the permeability and the formation pressure including,
pumping tests, slug tests, packer tests, drill stem tests and wireline
formation tests. The investigation showed that the vertical permeability
in anisotropic formations can be difficult to determine with current
well test methods. Formation pressure measurements can be subject to
errors caused by the conversion of the water head into formation
pressure. For long duration measurements this problem cannot be solved
by measuring the pressure downhole due to instrumental drift.

- Wireline logs have been considered for the determination of a large
number of hydrogeological parameters and characteristics including the
clay content, porosity, permeability, temperature and pressure of the
geological formation, furthermore the presence of karstic features in
the formation and the salinity of the formation water. The determination
of the permeability, pressure and salinity using wireline logs can be
subject to large errors.

- Current sample methods have been reviewed. Core material turned out to
be of 1large importance in a geohydrological site specific safety
assessment. Chemical and mechanical alteration can be minimized using
the right systems and methods. Various core systems are available for
different formation types. A low recovery may however be expected in
unconsolidated sands.

- Current water sample methods have been reviewed. Submersible pumps were
considered for a standard chemical isotope analysis. Due to effects of
degassing this method is supposed to be inaccurate in the determination
of the pH and the Eh of the water of deep wells. Tools which take, in
situ pressarised samples were briefly reviewed.

- The french CEA downhole pH/Eh probe was compared with the swedish SKB
system. Both were developed for investigation in behalf of the nuclear
waste disposal programme.

2.2-2.8 Sampling of formation water

- Several deep saline aquifers have been sampled and analysed for stable
isotopes. It seems that sulfur-34 is a valuable tool to find indications
for dissolution of evaporites. In shallow aquifers containing brackish
water a part of the dissolved salts probably originate from evaporite
dissolution (see fig. 1).
Further research will be focussed on the testing of dating methods of
groundwater beyond the limits of Carbon-14 dating. This part of the
contract is carried out in cooperation with the Université Paris-Sud.

Reference
/1/. Langemeijer, H.D., Evaluation of hydrogeological surveying methods of

sediments overlying salt formations. First interimreport mno. 728515001,
RIVM, Bilthoven.
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Acgquisition of physico-chemical properties of clay. Development of
methodology for taking samples and making experiments.

Contractor : CEA, CEN Fontenay-aux-Roses, France
Contract n®’ : FI 1W - 0208

Working period : August 1988 - December 1989
Period covered : October 1988 - December 1988
Project leaders : H. COULON and A. LAJUDIE

A. OBJECTIVES AND SCOPE

The decision of radiocactive waste disposal in deep clay formations
cannot be taken until a full understanding has been acquired of the in situ
water and radioelement transfer phenomena.

The first stage of the investigation consists in taking core samples
and studying their properties in the laboratory. The difficulty of this
approach resides in the need to take and store the samples without changing
their intrinsic properties.

The general purpose of this study 1is thus the development of
methodology which can be used to establish the modes of acquisition of the
mechanical and chemical in situ properties required for evaluation of
transfer phenomena: 1listing of the properties to be acquired and the
disturbances caused by sample taking, selection of methods of core
drilling, core handling and packaging, preparation of samples and analysis
procedures.

The approach 1is essentially based on the experience acquired by
CEN/SCK MOL with Boom clay, the observations carried out by ANDRA on the
basis of deep clay core sample tests and the methods developed by the CEA
for studying clay materials (contracts FI1W 0031 and 0061).

The second stage will consist of wvalidating the methodology by
carrying out core drilling at the MOL site using the previously established
specifications, then comparing the results of analysis of the core samples
with those of in-situ tests carried out in the underground laboratory,
under a protocol which remains to be established.

B. WORK PROGRAMME

B.1 Listing of the physico-chemical parameters to be acquired for the
purpose of assessing transfer phenomena in clay formations and the
disturbances of the clay by the sampling method.

B.2 Selection of methods of taking, packaging and preserving samples.
Establishment of experimental procedures. Their implementation at the
Mol site in Belgium.

B.3 Comparison of 1in situ and laboratory readings. Validation of the
methodology.
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C. PROGRESS OF WORK AND OBTAINED RESULTS

Summary
After briefly describing the laws affecting mass transfer mechanisms

in undisturbed clay materials, the parameters corresponding to these laws
are reviewed.

An attempt 1is then made to identify all the types of disturbance
associated with the method of taking samples which can affect the
representativeness of the previously established parameters.

Finally, consideration is given to establishing a method of taking,
packaging and preserving samples of deep clay with which it will be
possible to keep or reconstitute the necessary physico-chemical properties
before laboratory examination.

B.1 and B.2 are progressing normally.

B.3 is due to begin in September 1988.

Progress and results

B.1

Mass transfer phenomena in porous media are governed by the
simultaneous action of two physico-chemical mechanisms : convection and
diffusion.

Transfer , by convection essentially depends on the properties on the
medium and corresponds to Darcy’'s law :

Q=-kAH
where Q = the fluid flow rate in m.s”' ; k = the hydraulic conductivity or
permeability (m.s”') ; A = sample area (m2) ; H = the hydraulic gradient.

The hydraulic conductivity of clay depends on the porosity (n) or more
specifically the effective porosity (€), the tortuosity (T7), the density
(P), the water content and the degree of saturation (Sr). It also depends
on parameters affecting the percolation phase: temperature (which changes
the kinematic viscosity of the fluids) and the chemical composition of the
fluid (salinity).

Transfer by diffusion also depends on intrinsic properties of the
medium, but also varies greatly with other physico-chemical properties of
the diffusing substances.

The mechanics of diffusion can be expressed in a simplified manner, in
the case of a one-directional model, by the following relationship:

1

c
J=- D
where J = the flux of matter (moles cm -2 .j_1) : D = the diffusion
coefficient (cm® .j_] ) ; C = the concentration of the diffusing substance
(moles.cm'3).
In practice, a measurement 1is made of an apparent diffusion

coefficient (D: ) which allows for the sorption phenomena (distribution
coefficient of the substance considered between the solution and the porous
medium (Kd)), the porosity (n) and the grain density (pg).

In clay, the phenomena of sorption, precipitation and complex forming
vary with Eh-pH conditions, the presence of organic materials and
carbonates etc. :

The operations of core drilling, taking of samples of clay and their
preservation are liable to change the above properties, making laboratory
tests pointless.
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Indeed, during core drilling, the material which 1is under high
lithostatic pressure is placed in conditions of practically zero external
pressure. This results in deconsolidation and cracking of the clay. The
interstitial water, which was initially at a positive pressure is placed at
a negative pressure. The initially saturated clay becomes desaturated,
allowing the migration of drilling fluids and air into the core sample. The
initial properties of the fluids, the porosity, the specific density and
the water content are thus greatly disturbed.

These phenomena are amplified during removal and handling of the core
samples (modification of temperature, oxidation of organic matter,
expansion of gaseous phases and modification of the Eh-pH equilibrium).
Those in charge of operation of sampling and preparation of the plugs can
make the changes 1in the stress fields, dehydration and oxidation of the
clay worse.

B.2

By applying certain precautions and using suitable equipment, it is
possible to avoid or limit the above disturbances.

Core drilling:

Of the core drilling rigs currently available, the "Mazier universal
geotechnical core drilling rig" would appear to be the most suitable
(figure 1). This is a triple-wall machine with a moving cutting sleeve
which precedes the diamond-studded crown. This cutting sleeve penetrates
the clay and protects it from the drilling fluids. During removal,
injection of compressed air completely isolates the core sample, thus
preventing any contamination. This core drilling rig could nevertheless be
improved by wusing a less rigid internal casing and could possibly be
lubricated to further reduce decompression of the core samples and internal
friction. Furthermore, the use of an inert gas instead of compressed air
would make it possible to avoid substantial oxidation. Optimization of the
size of the core sample would make it possible to improve the geometrical
coefficients of the drilling rig (coefficient of entry, wall and advance)
and hence the quality of the samples.

Sample taking:

The wuse of an X-ray unit would make it possible to select the most
representative sample, and those least disturbed while limiting the
duration of work on the core samples (cutting of casings and exposure of
the samples to air).

After cutting, the samples must be immediately packed in cells with
which it is possible to re-apply pressure and preserve them under anaerobic
conditions. It must be possible to store the samples under stable
conditions (hygrometry and temperature of formation).

Preparation of test samples:

All the operations necessary for preparation of the laboratory tests
must be carried out under a controlled atmosphere (glove box and anaerobic
environment) in accordance with the protocols in force within CEN/SCK, MOL.
We have therefore designed a thin-walled sample-taking tube which can be
used in a glove box and enables direct transfer of the samples to the cell
of a permeameter (CCE contract FI 1W/0031) with minimal disturbance. This
equipment is to be tested with MOL clay.

All the protocols mentioned in this progress report are to be
supplemented and improved before phase B.3 is started.

. 45 -



A NN AN AN ) NN X 2
L CIr hEOE- N o
R = SO =\ 5
L . g !
2 2N 77 S 2 NS 27 S AN 222 Ao AN Z2 AN Z NP2 N 22

RIG REMOVAL
sample Is Isolated
by a compressed.air bell

ing rig

‘§§§§§§“§%M%%§MMWWWWV%.
R R T L

777 RS Aﬁ@.ﬁ/ﬁﬁ\\\\\/&\\

I SN

NSAIILTII I TILI LG
e B

CORE TAKING

- 46 -

o s Ry

S ) =1 X . . . )

L PO . RN

drill string

casing

spring

L PNNNIANNN S S AN

moving head

sywe

pEYZs paverxealivy

internal casing

internal wall
external wall

cutting sleeve

diamond-studded crown

Mazier universal geotechnical core drill

Figure 1

iple draft.

Princ



DEVELOPMENT AND EVALUATION OF AN X-RAY-ANALYTICAL TECHNIQUE
FOR CORES FROM EXPLORATION HOLES DRILLED ON A WASTE-DISPOSAL SITE

Contractor:  BRGM - Avenue de Concyr
B.P. 6009 - 45060 ORLEANS CEDEX
Contractn®: FI1W/0209

Duration of contract: from january 89 to july 90

Project leader: G. AUBERTIN.

A -OBJECTIVES AND SCOPE

The exploration of sites for the disposal of radioactive waste in various types of deep
geological formations, and of possible locations for underground laboratories, is mainly based on
the use of cored borehole. It is desirable to study the resulting cores in a non-destructive manner.

X-ray photography is widely used in mechanical and metallurgical industry.

In geology, only a few stationary X-ray machines are used for limited applications.

The aim of the research is thus, for different environments:

- to adapt radioscopic techniques to the study of geological materials that are available as
drill core;

- to create a mobile unit that can be transported to the sites where cores are available and
must be studied, such as a drill site, an underground laboratory or a vessel engaged in
sediment studies;

to allow non-destructive testing and study of the cores that are taken within a sleeve and
require immediate confinement after being pulled from the hole, such as isthe case for
clayey and salt-bearing materials that are destined for mechanical and geochemical
tests;

to have access, before any destructive operations, to the internal structure of cores, as a
further aid to mechanical tests, and to geological and geochemical study;

- to adapt and develop image-processing software for the geological study of radioscopic
images.

The equipment that is the subject of research differes from existing X-ray apparatus in the
following points:
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an image-analyser tube will be fitted in order to be able to dispose of video images; image
quality could be controlled and adapted to the geolocical material being studied, this by
varying the feed voltage of the emitting tube;

adiaphragm will allow adaptation to the size and shape of the samples to be analysed;

the video image will allow real-time observation, as opposed to classical radiography
where static images are obtained after an exposure of long duration. It will thus be
possible to give a movement to the core and to obtain an analog-type log that can be
correlated with logs obtained by other techniques;

the video images can be digitally processed, for graphic restitution and the recognition of
geological subjects.

B - WORK PROGRAMME

The contract will comprise the following stages;

a-

b-

Drawing up a detailed pilot study of the apparatus (consulting of suppliers of
components, accurate definition of the apparatus and its operating environment).

Construction of the apparatus with the assistance of specialized suppliers.

Testing the apparatus on various cores of geological materials that can be envisaged for
the disposal of radioactive waste, such a clay (in a sleeve), salt, granite and schist/shale.

Adapting and developing image-processing software with the following objectives:

- geological exploration and identification (lithology, structure, texture) without
damage to the structural integrity of the sample;

- testing the suitability of this technique for identification of an homogeneous zone
and for localizing mechanical and geochemical tests, in particular in the case of
samples covered by a sleeve;

- improving the legibility and use of the images / use of image-processing software
developed for remote-sensing purposes);

- correlating the X-ray logs with other borehole or geological logs.

Preparing documents that present the results obtained for various types of geological
materials, and for different structures and textures being studied.

C - PROGRESS OF WORK AND OBTAINED RESULTS

1-State of advancement

The programme is in its first month of activity. During this period, contacts were made
with sub-contractors for the construction of the X-Core apparatus.

2 - Progress and results

The first orders, for the supply of parts and materials for the X-Core apparatus, have been

sent out.
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GEOPROSPECTIVE MODELLING

Contractor: Bureau de Recherches Géologiques et Miniéres
BP 6009. 45060 Orléans Cedex - France
Contract n°® FI 1W/0048

Duration of contract: from 1986 August 1st to 1989 March 31st

Period covered: 1988 January lst to December 3lst

Project leaders: P, Peaudecerf - J. Fourniguet

A, OBJECTIVES AND SCOPE

Since 1981, the BRGM has been working on the development of a method
for systematically studying all the factors which might influence the
evolution of a waste storage site and their interactions. One of the work
phases consisted 1in a relative quantifying of the 1links between the
factors and in modelling them so as to complete realistic scenarios. These
operations are carried out with a simulator called CASTOR ("Construction
automatique de scénarios d'évolution d'un site de stockage de radionu-
cléides" /Automatic design of scenarios evolution of a radionuclide
storage site).

The first simulations showed that a few main mechanisms governing
site evolution should be represented more realistically,

They are essentially those concerning climate variations, weathering
and erosion processes and relationships between stress and hydraulic
parameters. The simulation programme will have to be modified accordingly
to take these mechanisms and their interrelationships into account simul-
taneously.

This work should make the CASTOR code operational when applying the
methodology to specific sites.

B. WORK PROGRAMME
Work programme will revolve around two main aspects:
1. Increasing knowledge and modelling of mechanisms which appeared
essential in previous phases.

a. Climatology: as well mathematical expression of fluctuations in
the near past and future according astronomical data, as search
for present climatic equivalents to past climates,

b. Weathering erosion: better gquantifying of rates according to
lithology, slopes, vegetal cover, rainfall, temperature, and a
tentative modelling of erosion processes,

c. Relationships between stress and hydraulic parameters mainly in
the case of the occurrence of an ice-cap covering the site area.

2. Improving the modelling of the phenomena and the representation of
the results obtained.

€. PROGRESS OF WORK AND OBTAINED RESULTS

1. State of advancement

Item l.a. has been treated and mainly completed in 1987 (see annual
report). The work on weathering and erosion (item 1.b.) began in 1987 by a
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bibliographical analysis which produced a review of all processes (nature,
rates, ...). A new and specific model of erosion was designed in 1988
since no available model was able to fit precisely with our requirements.
Item l.c. was also treated during the past year; the resulting model has
been completed.

Item 2 has been largely begun 1n 1988 meanwhile and after the deve-
lopment of the new models.

2. Progress and results

2.1, Erosion and weathering processes

Most of the existing models concern the short term modelling ¢human
scale of some tens of years). They require the supplving of abundant
quantitative data on numerous parameters, obtained by field 1instrumenta-
tion during several years. These results are difficult if not 1impossible
to extrapolate at the geologic scale (several tens of thousands years).

Some models deal with more global approaches of erosion but do not
provide the quantitative data we need for a geoprospective modelling.

The newly created model allows the simulation of various erosional
processes in one or several catchment basins, each of them defined by
their topographic values in a rectangular grid.

It also takes into account the weathering of one or several geologic
layers whatever its dip. Erosion and weathering are two coupled phenomena
in the model.

The driving parameters of the model are as follows:

- erodability of soils (submitted to spatial variations),
- susceptibility of rocks to weathering (with spatial variations),
- climatic action, susceptible of variation as a function of time.

The progression of erosion/weathering front can be followed on screen
by the evolution of a longitudinal profile in one or several basins (Fi-
gure 1),

2.2. Stress and hydraulic parameters under an ice-cap

The finite element method was used for the evaluation of the hydro-
mechanic behaviour of the geologic formations under an ice-cap. The
phenomenon is supposed to be 1isothermic since the arrival of the next
glaciation is foreseen after several tens of thousands vyears, when the
thermic activity of the storage is largely if not totally weakened.

A parametric survey was conducted mainly on the 1limit hvdraulac
conditions and on the progression rate of the ice-cap.

A quick progression of the ice stops the removal of interstitial
water and is considered as the undrained condition. A speed of 100 m/year
was adopted as a minimum. On the downstream part of the fictive site, an
imposed pressure seems valuable since it corresponds to the initial stage,
after the creation of a permafrost.

On the upstream part, two imposed conditions were tested: pressure
and flow.

The permeability of the faults on the fictive site was considered as
far greater than the one of geologic lavers. This 1is supposed to be the
worst possible case.

The permafrost is considered as impermeable thus stopping any water
movement toward the surtace.

The progression of the ice-cap 1induces a sub-horizontal movement of
underground waters downstream. But the rapidity of the ice movement stops
this flow rather quickly.

3. LIST OF PUBLICATIONS
- International Association of Hvdrogeologists - International Sympo-
sium hold 1n Orleans (France) in June 1988: Prévision quantitative de
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1'évolution & long terme des caractéristiques hydrogéologiques des
sites de stockage profond, by Ch. Filippi & al.
ISPRA courses: Advanced Semlinar on Risk Analysis in Nuclear Waste

Management, May-June 1988:

Predictive geology 1in the analysis of the repository evolutinn;
description of the relevant natural phenomena, by J. Fourniguet.
Modelling combined effects and making scenarios, by G. Aubertin.
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IN-SITU CHARACTERISATION OF THE BEHAVIQUR OF DEEP CLAY LAYERS

Contractor : ANDRA, PARIS, FRANCE
Contract n® : F I1W/0049

Duration of contract : August 86 - December 89
Period covered : January 88 - December 88
Project leader : R. ANDRE JEHAN

A - OBJECTIVES AND SCOPE

The objectives of this project are :

- To complete geomechanical investigations in the Boom deep clay formation,
under natural conditions and after heating,

- To develop laboratory and in-situ methods to study deep clay layers, and
to compare the results obtained by these two approachs.

This work forms a basis for dimensionning the storage facilities in deep
clays. The interesting point is to study the time-lag behaviour of this
material, at ambient and high temperature.

The sub-contractors of ANDRA for this project are :

- LMS (Laboratoire de Mécanique des Solides de 1’Ecole Polytechnique) for
the laboratory tests, for the conception of borehole probes in cooperation
with SEDITECH-MAZIER and with the BRGM, and for the in-situ test
interpretation,

- BRGM (Bureau de Recherches Géologiques et Miniéres) for the set up, and
monitoring of in-situ test,

- SEDITECH-MAZIER for the design and fabribation of borehole probes.

Experiments are performed in the U.R.L. of CEN/SCK at MOL (Belgium).

B - WORK PROGRAMME

1. Experiments at ambient temperature

1.1. Long term borehole dilatometric tests
Three tests are considered, two in horizontal holes and one in a
vertical hole. Surveys of experiments are still carried out.

.1. Measurements

.2. Interpretation

Laboratory tests on thick tube samples of clay

.1. Experiments

.2. Interpretation

— s
N NN

2. Experiments at high temperature

Design of apparatus led to construction of the first probe in 1988.
2.1. Apparatus fabrication and test in laboratory

Preliminary tests on components of the probe are still undertaken.
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C - PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

In-situ studies : the two first dilatometers are used for creep tests since
December 1986 for the horizontal borehole and June 1987 for the vertical
one. The third device is used for a relaxation test since December 1987 in
horizontal borehole. Their loading states have been increased by stages. As
for the heating dilatometer, the realization of the deformable part of the
probe has brought up some difficulties relating to the adherence between the
rubber body and its reinforcement. New apparatus pieces are fabricated.

Laboratory test : a set of different experiments {creep, relaxation and
internal unloading tests) has been performed on Boom clay samples at varying
moisture contents.

Progress and results

1. Experiments at ambient temperature

1.1. Borehole dilatometer long term test

1.1.1. Measurements

The detail of the boreholes loading is reported in tables I and II. The
creep test principle is to apply a fixed pressure on the hole wall, smaller
than the 1lithostatic stress, and to record the borehole closure. The
relaxation test proceeds from the opposite principle : the borehole closure
is imposed and the pressure variation is observed. The rough measurement of
pressure must be corrected in order to consider the apparatus inertia
pressure (about 0,4 MPa). Respectively, the rough convergence measurement
must be added to the initial closure value, which occurs during the time-lag
between drilling and setting of the probe., to give real convergence value.
The initial closure is estimated from previous test in unlined boreholes in
Boom clay.

After two previous stages the same pressure has been maintained by the first
dilatometer for more than 1,5 year. The closure is yet increasing
(figure 1).

For the second test, the decreasing stages of pressure were chosen smaller
to multiply the points on the long term closure-confinement diagramm of the
material and to better border its limit pressure of instability. However the
closure is rather moderate in this vertical borehole (figure 2).

The Tlast stage of the relaxation dilatometer shows that the increase of
pressure stabilizes slowly and reaches a final value very near of the
previous one (figure 3).

1.1.2. Interpretation
A rheological model of Boom clay has been established from numerous
laboratory tests performed by another way. It reproduces in a satisfactory

way the results of dilatometer tests, which confirms that scale effects are
moderate for Boom clay /4/.

- 57 -



1.2. Thick tube test
1.2.1. Experiments

A1l the tests begin with an isotropic loading to the lithostatic pressure
value of the sampling level. Then three types of experiments are carried
out :

regular internal unloading, with different rates (figure 4),
creep (figure 5).
relaxation : contrary to in-situ test, the initial pressure is not zero.

1.2.2. Interpretation

These tests give the short and long term closure-confinement curves of the
material, either directly and continuously for the short term one through
rapid internal wunloading tests, or point by point from the stabilized
couples of parameters (Pi, Ui) obtained in the long term tests. The results
are coherent with each other and show the difference between short and long
term behaviour, that is the effect of ultimate capacities of Boom clay.

2. Experiments at high temperature
2.1. Apparatus fabrication and test in laboratory

The probe body has been made. Two specimens of the deformable tube which
surrounds the central probe has. been realised but they failed during a
preliminary inflation test, due to a bad adherence between the rubber ma-
terjal and its reinforcement. New specimens are being made and in-situ tests
should start by mid. 1989.

REFERENCES

/1/ - ANDRE JEHAN, R. and al, OCDE/AEN workshop on excavation responses in
deep radioactive waste repositories, Winnipeg, Canada, 26-28 April
1988.

/2/ - ANDRE JEHAN, R. and al, International Symposium on Rock Mechanics
"Rock mechanics and Power Plants", Madrid, Spain, 13-16 September
1988.

/3/ - ROUSSET, G. and al, CEC contractor's meeting on "Geomechanics of
clays for radioactive waste disposal", Brussels, Belgium, 1-2
December 1988.

/4/ - ROUSSET, G. "Comportement mécanique des argiles profondes -
Application au stockage des déchets radioactifs", Thesis E.N.P.C.
July 1988.

- 58 -






P (MPa) AV (cm?)

: 1000
33 P :
za//}f/ '[

1 i
1 -

[
0+ T T i|0

0 200 400

Time (days)

Figure 3 :

Rough measurements of
dilatometer .n° 3 (horizontal)

. .
5 Pi (MPa) Ui (%) o
L-L——j Pi ’ -
3 i
| 5
2— -
1_' Ui -
0 , 6
0 100 200
Time (h)

Figures 5 :

Pressure and closure
versus time

5a :

- 60 -

. Pi (MPa)

1
1 2
1 1.Pi-0053MPa/h
) 2_Pi =2 MPa/h
0 ) ' ' I é ' ' ' ' 10
Ui (%)
Figure 4 :

Internal unloading tests on
thickwalled tube sample closure
confinement curve

Pi (MPa)
5
41 )
3 1 H
24
14
0 T T T 1 L T 1 T T
0 5 10

5b :

Ui (°/6)

creep test on thickwalled tube sample

Closure - confinement curve



CENTRIFUGE MODELING OF SALT DOMES

Contractor : ANDRA, PARIS, FRANCE
Contract n® : F 11W/050

Duration of contract : October 1986 - March 1989
Period covered : January 1988 - December 1988
Project leader : R. ANDRE JEHAN

A - OBJECTIVES AND SCOPE

The aim of the research is to study experimentally the different stages in
the history of salt domes (or diapirs). It completes a previous CEC
contract which ended by autumn 85. The major part of the work is the
inclusion of three-dimensional models for comparison with two-dimentional
ones of the first period.

Tests are performed on equivalent materials on the large centrifuge of
CESTA (in Bordeaux). Results can be applied to dome evolution through
similitude transposition. The purpose of these experiments is to record the
main onset and development mechanisms of salt diapirs.

B - WORK PROGRAMME

1. Two-dimensional tests
Different possible starting factors of movement are tested.

2. Three-dimensional tests
Comparable tests with two-dimensional ones are performed.
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C - PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The experimental equipment, particuiarly the system to visualize the
three-dimensional model inside the cylindrical cell and the cutting device
to obtain thin sections, are now completed and operational.

The real geological stratigraphy is schematized by two layers, the salt and
its overburden. Equivalent materials used in the models were determined
previously, essentially clay mixtures with respect to the difference
between average density of the overburden and salt density.

Tests in two- and three-demensional cells were undertaken with different
geometries of "overburden" and "salt", in order to record the onset and
evolution mechanisms of salt diapirs.

During 1988 the CESTA centrifuge broke down several times, with a very
tight planning, so an additional week of tests has to be reported to
February 1989, and the contract was given a 6 months prolongation.

Progress and results

1. Two-dimenSional tests

Tests in two-dimensional cells were performed to study the starting factors
of diapirism : initial notch in the interface "overburden" - "salt"
(standing for a preliminary dome), slope of the interface and overloading
of the gp?und surface. Salt is replaced by white clay, with a density of
1.54 g/cm agd overburden by a grey clay loaded with corundum to a density
of 1.86 g/cm™.

Effect of the first factor was investigated in 1987.

Tests with different slopes of interface show that a vertical interface and
one with an initial slope of 45° cause a very progressive layers reversing
beginning for an acceleration of 10 or 20 g. An initial slope of 14°
produces an abrupt diapir evolution at about 50 g.

The overloading of the surface represents a topographical irregularity. It
is rapidly flattened by centrifugation, but causes however abrupt diapir
development, starting at about 40 g.

A last parameter was tested, affecting diapir evolution rather than
phenomenon onset : the ratio of width upon thickness of the model. An
experiment was made with thin overburden and salt layers, to approach in
situ conditions, and with an initial noth in the interface. The
acceleration value which started diapirism was the same as for thick layers
model, but the evolutions slightly differ.

2. Three-dimensional tests

Four tests were performed for the duration of the contract, with same
materials as for the previous experiments : white light clay for salt and
grey loaded clay for overburden.
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Two of them were realised in 1987, with initial cylindrical notch at the
interface of the models.

For the third test. the two materials were separated by an interface with a
slope of 45°. Movement started at 25 g, with quiet evolution.

The fourth model supported a loading of the free surface by grey heavy
clay. Diapirism began at 30 g.



Study on fracturing and microfissuration of granite

Contractor : Commissariat & 1'Energie Atomique, Fontenay-aux-Roses,
France

Contract n° : FI/1W/0053 F

Duration of contract : from 01.12.1986 to 01.06.1989

Period covered

Project Leader : S. DERLICH

A. OBJECTIVES AND SCOPE

Digging of drifts or tunnels with explosives or tunnelling
machines and boring holes induce in massive rocks (granite) two
kinds of stresses : the first one are stress waves and the second
one are variations oif the natural stresses induced by the
unaerground openings.

Explosives loads induce cracks of tens of centimetres, or
microcracks with thicknesses of some microns. Depending on the value
of natural stresses and also on the shape of openings, slabing or
walls and boreholes or spalling of cores may occur. Such fractures
modify the mechanical characteristics of the medium and create new
flow paths for the underground waters.

Few studies have been made in order to evaluate these possible
effects. :

Our purpose is to determine the extension of fractures around
mine openings and to try to quantify fracturing or microfracturing
of cores versus lithostatic pressures.

v. WORK PROGRAMME

i. Sampling

Fractures and microfractures will be studied on samples oi
granice.
1.1, Samples irom 100 m depth

Study of explosive induced fractures in drift walls and of
stress release in zones far from explosive mining ; release of
stress will be studied by overcoring.
i.2. bamnle~ fron surrace 2> 1000 meter depth (Auriat borehole).

Z. Preparaticn of rock samples
Successive impregnations will be made with different dyes in
order to identify the fractures induced by each operation.

3. Study of fractures
Different sizes will 23 consiggred
. thicknesses from 10 to 10 m.

. " or pores less than 10 ~ m
Several methods will be tested and the best ones used for the
study.

3.1. Volume study
. Optical examens on thin sections cut following three
directions.
Electron microscope
. Castaing micro probe
. Porosimetry tests
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3.2. Surface study
Fissures will be opened and the two surfaces limiting the voids
will be studied (rugosity).

4, Interpretation

It will be a tentative to find a relation between the variation
of stresses applied to the sample and the observed mechanical effects
of fracturing

C. PROGRESS OF WORK AND OBTAINED RESULTS
State of advancement

Sampling
1. In mine (100 m depth)

Coring of explosive induced fractures in drift walls will be
achieved in february
Large diameter cores (0,75 m to 1 m diameter) have been
drilled in the groundfloor of the experimental room in order to
minimise stresses relieve and to have quite a large volume of rock
to observe and study fractures to 2 m depth in the rock mass.
2. In boreholes
Samples of cores were selected every 100 m between 998 m and
200 m below ground surface.

Studies

Two main methods were studied : geometrical characteristics of
small fractures in thin sections, porosity of voids by mercury
porosimetry.

They give the void distribution in the rock but orientation
studies will be made to determine the influence of stresses
orientation and petrographic components of the granite.

PROGRESS AND RESULTS

Preliminary results

Porosity

Tests have been realised on fresh samples and on weathered
samples of granite from Auriat boreholes.

Porosimeter sensitivity tests

Previous studies have been made on Auriat granite samples. They
have shown a 10 % variation between the porosities of good granite
and of heated samples to 200°C.

Porosity comes from the fissures which can be opened or shut
under mechanical loads and from pores included in crystalline or
intercrystalline structures. These pores have also volume variations
under loads. These strains obey the law of elasticity and are
proportionnal to the stresses. Compressibility tests (1) give a
fracture porosity of 0.05 % of the total volume and a total porosity
of 2 ¥ (Hg porosimeter). So the fracture porosity is about 2.5 7 of
the total porosity %nd to determine one tenth of its variation, a

sensitivity of 5.10 for the total porosity measurement is needed.
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Geometrical characteristics of fractures identified in granite
samples
The objective of the study is to quantify geometrical parameters
such as :
. number of fractures NF
cumulated perimeter PC mm

. cumulated surface SC mm?
. average perimeter PM mm
. average surface SM mm?

. average orientation of fracture OM (o)

. distribution of fractures limited by different crystals
biotite (BIO), alkali feldspar (FEL), plagioclase (PLA),
quartz (QUA)

. mean length of fractures LM mm

. mean width of fractures 1M mm

Measurements have been made on compact granite and weathered
samples in order to estimate the validity of the method. Results are
presented in figures 1 and 2 and in Table I.

Comparison of histograms of characteristics such as length and
width of fractures or orientations, show few difference between the
two groups of samples.

Bibliography

(1) Contrat CEA - Ecole Polytechnique - Laboratoire de Mécanique des
Solides

Influence de la fissuration sur les caractéristiques thermiques d'un
granite (étude en cours)

- 66 -



-Lg.

HOMSRL DE FISSURES 180

—————

NOMBRE DE I ]

Figure 1

Histogramme des longueurs

NOMBRE DE FISSURLS 190

GRANITE SAIN
LOMGUEUR MOYEMME : .2970323 MM

ECART-IYPE : .5323776

Granite sain

LONCUEUR EN MM MoMBRE DI

IR N |

FISSURES 00

) 0 T T O I O O ]

7 FISSURLS 30

Histogramme des longueurs < 0.5mm

LOMCUEUR EN MM

-

GRANITE ALTERK
LONGUELIR MOYENNT : .639824 MM

ECART-TVPL : 1.077094

Granite altéré

LONGUEUR EN MM

L

LONGUEUR EN MM

.3



-89-

Figure 2

NORBRE BE FISSURES €0 - CRANITE $AIN NONBRE DL FISSURIS <9 CRANITE ALTERX
. ! AMCLE moYme : -5)ECRrS ANCLE MOYEM : -5 DICRES
[- I ICARI-T9PL ¢ @ ICART-TYPE : 49
| L

I
]
| Histogramme des orientations

|

(RSN A B AR S SN S L SR | ANCLE EN DEGRES . SNSRI AMCLE IM DICARES
[}
-90 [ ] 0 .'9. [ ] °
NOMBRE DE FISSURES MOMBRE DE FISSURES
120 CMNITE SKIN “

GRAHITE ALTERE

LARCEUR MOYENMT : 0.133118£-0) MM LARGEUR MOYDINT : 1.082104Z-02 Wi

ECART-TYPE : €.919467L-03 ICART-TYPE : 6.8316391-®)

Histogramme des largeurs

sa g =y ey 1 = LARCEUR EN MM 0100

1111y LARCIUR DN Wt o109

° ¥ ] .9



-69-

Table 1

échantillon| NF | P C s ¢, PM M, OM B10 FEL] PLA QUA INTRA] INTER INTRA-| 1M LM
(mm) | (mo%) (mm) | (o) [ ()} (2) | (%)) (%) | (%) (%) (%) | INTER [ (om) | (om)
B 11 81 |75 0.14 | 0.93 | 0.0017 -8 0 62 19 25 91 8 ‘}) U.ou37 | U3
B 12 196 [170 0.66 | 0.87 | 0.0034 -4 1 19 34 53 82 13 5 0.0090 | 0.43
B 13 77 | 30 0.12 | 0.39 | 0.0016 -121 1 9 48 48 84 10 6 0.0085 | 0.19
B 14 153 | 37 0.13 | 0.24 | 0.0008 0 1 24 22 65 79 16 5 0.0087 | 0.11
B 1 507 |312 1.05 | 0.62 | 0.0021 -5] 1 26 30 51 83 13 4 0.0081 | 0.30
Tableau 1 - Résultats d'analyse des fissures d'un échantillon de granite sain.
échantillon| NF [P C S¢C PM SM OM BI0 FEL | PLA QUA INTRA | INTER INTRA M LM
(mm) | (ma?) | (o ) | (mm2y | () [ (2) | ()] (%) | (%) (%) (%) lr(qgk (mn) { (mm)
821 93 | 102 0.74 | 1.10 | 0.0080 1 6 22 33 44 86 10 4 0.0120 |0.54
B22 41 15 0.04 | 0.37 | 0.0010 | -2 0 15 7 78 88 12 0 0.0061 [0.18
823 58 23 0.15 | 0.40 | 0.0026 | -2 0 17 11 47 81 17 2 0.0110 {0.19
B24 63 17 0.05 | 0.27 | 0.0008 | -2 2 33 29 43 70 27 3 0.0069 |0.12
B2 255 | 157 0.98 | 0.62 | 0.0038 | -1 3 22 30 50 81 16 3 0.0096 }0.30

Résultats d'analyse des fissures d'un échantillon de granite peu altéré.




FURTHER BENCHMARK EXERCISES TO COMPARE GEOMECHANICAL COMPUTER CODES FOR
SALT (COSA II)

Contractor : WS Atkins Engineering Sciences, Epsom UK
Contract No : FITW/0054

Duration of Contract : November 1986 - January 1989
Project Leader : N C Knowles

A. OBJECTIVES AND SCOPE

Research into geomechanical aspects of RAW repositories in salt
formations has been active in the European Community for nearly two
decades, with particular interest being placed on problems of heat
producing waste. Central to this work is the prediction of stresses
and deformations in the host strata, for which a number of computer
codes have been used /1/. A preliminary exercise ("COSA 1") to compare
the ability of the different codes /2/ provided a limited "“snapshot" of
the European capability to predict the behaviour of rock salt under
well defined conditions. The purpose of the present contract is to
extend the comparison to more complex but realistic situations.

Comparison problems in COSA I were relatively simple, and a number
of difficulties to do with modelling the in-situ behaviour of rock salt
were deliberately avoided. The present exercise is directed at
comparisons ef realistic, albeit relatively short-ternm, in-situ
behaviour. Emphasis 1is placed on the requirement to predict (rather
than replicate) real-life behaviour and individual participants are
allowed considerable freedom to characterise the physical situation and
material behaviour according to the dictates of their experience.

There are 10 participants in the exercise, each acting as a
sub~-contractor to the coordinator. In addition two independent experts
provide advice as necessary on aspects of salt rheology (Table I).

B. WORK PROGRAMME

B.1 Participants jointly, at plenary meetings, agree programme of
suitable in-situ benchmark problems.

B.2 Coordinator prepares discussion documents as necessary and
circulates to participants.

B.3 Coordinator prepares and circulates detailed specifications of
agreed problems.

B.4 Participants solve benchmark problems as specified by coordinator,
to the best of their ability using appropriate codes.

B.5 Coordinator collects and collates results and other data from
participants.

B.6 Coordinator prepares draft reports for discussion at plenary
meetings to be held approximately every 6 months.

B.7 Coordinator prepares and issues final reports taking due account
of participants comments.
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C. PROGRESS OF WORK AND RESULTS OBTAINED

State of Advancement

Three benchmark problems were identified at the start of the
exercise. They are based on the series of experiments performed by ECN
in the 300m dry-drilled borehole at the Asse research facility.

The first problem is the prediction of the 1isothermal free
convergence (IFC) at the bottom of the borehole over a period of some
800 days. This was largely completed in 1987 but a number of
additional results were submitted in the present reporting period.

The second problem was to predict the behaviour (including
pressure build-up) as the borehole wall converged onto a heated
probe (HPP1)., Preliminary results for this benchmark were collated
and subsequently discussed at a plenary meeting of participants at
Ismes Bergamo February 2-3.

The third problem was to predict the free convergence of the
borehole during a heater test (HFC1). The specification of this
benchmark was discussed at the plenary meeting in Bergamo, it was then
finalised and calculations were performed, prior to comparison and
discussion of the results at a plenary meeting in Madrid September
20-21. The predictions again agree qualitatively with the
experimentally measured behaviour, but quantitatively there are
considerable differences, which can be attributed to the various
constitutive models used.

A final report for the project as a whole has been drafted and
issued to participants for comment, prior to submission to the CEC 1in
January 1989.

Progress and Results
1. IFC Benchmark

This benchmark was reported briefly in last years report and will
not be duplicated here. The additional results submitted this year are
in broad agreement.

2. HPPI Benchmark

The experimental test on which this benchmark was based, involved
monitoring the variation with time of pressure and temperature on a
heated probe fixed 1in the borehole at a depth of 262m over a period of
60 days. Participants were asked to predict this behaviour. As with
the IFC benchmark, the specification gave no details of the measured
behaviour and defined only the physical arrangements for the test. It
was left for each participant to decide how best to model the test,
especially with regard to the material constitutive behaviour. There
was also some discussion about the importance of the inevitable small
gaps between the probe and the borehole wall, but nevertheless perfect
contact was specified in order to confine the model variations to
reasonable bounds. Subsequently the effect of gaps was investigated by
a number of participants and was shown to be relatively minor compared
to other influences.

In general there was good agreement among the predictions of the
temperature field but the predictions of the temperature at the borehole
were all higher than measured. The reasons are attributed to a variety
of sources, including uncertainty about thermal properties of the salt,
heat loss in the cables and experimental error.

Predictions of the geo-mechanical behaviour agree qualitatively
but differ substantially in absolute terms (eg predicted peak pressures
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differ by a factor of approximately 2.5). The behaviour is dominated
by the early thermo-elastic response to a steadily increasing
temperature and accordingly is sensitive to spatial temperature
gradient and to the values used for Elastic modulus and coefficient of
expansion.

3. HFCI Benchmark

The heater test on which this benchmark was based, followed
chronologically the HPP test and was conducted at a depth of 237m down
the borehole. The benchmark required the prediction of the temporal
and spatial temperature and stress variations is the salt mass adjacent
to the borehole over a period of 20 days due to a heat source of
approximate 5KW in the borehole.

As before, participants were, quite deliberately, allowed complete
freedom in modelling the test. In practice the key issues again
centred on the material constitutive model.

The temperature predictions for the salt generally agree well with
each other. Moreover, given the difficulties encountered in obtaining
reliable temperature measurements during the test, they appear to be
consistent with reality.

The stress and convergence predictions exhibit wider variation
(maximum displacements vary by a factor of approximately 4) but are
qualitatively, similar. In contrast to the HPP benchmark the behaviour
at the borehole wall exhibits a complex interaction between the
visco-elastic response to a time varying thermal straining and the
thermally accelerated creep observed in the IFC. The predictions bound
the measured behaviour and the variations can be attributed to the
different models used to account for the material behaviour.

The 3 benchmarks highlight the difficulty in establishing reliable
material models for "blind" predictions. It appears that most models
can be "tuned" to replicate measured behaviour satisfactorily, but the
reliability of such models to predict unknown behaviour is unproved.

List of Publications

1. Lowe M.J.S., Knowles N.C. 'Project COSA - A Benchmark of Computer
Codes for the Geomechanical Behaviour of Rocksalt!'. Proc. Int.
Conf. Reliability of Methods for Engineering Analysis, Swansea,
1986.

2. Knowles N.C., Lowe M.J.S. 'A Benchmark Exercise on a Thermal
Elasto-Creep Problem'. Structural Analysis Systems World
Conference, Paris, 1986.

3. Knowles N.C. 'Project COSA - A Benchmark of Computer Codes for the

Thermal-Mechanical Behaviour of Rock Salt!. Workshop on
Mathematical Modelling for Radiocactive Waste Repositories, Madrid,
1986.

y, Knowles N.C., Lowe M.J.S. 'Some Experiences of Finite Element

Calculations in a European Benchmark Exercise!'. NAFEMS Int. Conf.
on Quality Assurance and Standards in Finite Element Analysis,
Brighton, 1987.

5. Knowles N.C., Lowe M.J.S., Piper D. 'An Update on Project COSA'
Trans. 9th Int. Conf. on Structural Mechanics in Reactor
Technology, Lousanne, 1987.

6. Come B. 'Benchmarking Rock Mechanics Computer Codes : The
Community Project COSA' Proc. 6th ISRM Congress on Rock Mechanics,
Montreal, 1987.
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7. Come B. 'Le Projet Communautaire COSA : Un
d'Intercomparaison de Codes de Calcul Geomecaniques pour
Revue Francaise de Geotechnique, 1987.

8. Piper D., Knowles N.C. 'Some Computational Experience
Geomechanical Benchmark in Rock Salt'. Proc. 6th Int. C
Numerical methods in Geomechanics, Innsbruck, 1988.

9. Knowles N.C., Come B. 'A Progress Report on Project
Workshop on Excavation Response in Deep Radiocactive
Repositories, Winnipeg, 1988.

10. Lowe, M.J.S., Knowles N.C. 'Further Benchmark Exercises to
Computer Codes for Salt' Draft Final Report to CEC. WS
Engineering Sciences December 1988.

References
/1/ BROYD, T.W., et al. CEC EUR Report 8669 (1985)
/2/ LOWE, M.J.S.L., KNOWLES, N.C., CEC EUR Report 10760 EN

Table I : List of Organisations involved in COSA II

WS ATKINS ENGINEERING SCIENCES - Epsom (UK) Co-ordinator
FORAKY - Brussels (B) Calculation
LGC - Louvain-la-Neuve (B) Calculation
KfK - Karlsruhe (D) Calculation
RWTH - Aachen (D) Calculation
CEA-DEMT - Saclay (F) Calculation
EMP - Ecole des Mines - Fontainebleau (F) Calculation
LMS - Ecole Polytechnique - Palaiseau (F) Calculation
ISMES - Bergamo (I) Calculation
ECN - Petten (NL) Calculation
ENRESA/ETSIM - Madrid Calculation
GSF - Braunschweig (D) Salt Special
Technical University Delft (NL) Salt Special
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Geomechanical behaviour of clay at ambient and elevated
temperature conditions

Contractor : SCK/CEN, Mol, Belgium

Contract No : FI1W/0055/B

Duration of contract : October 1986 to December 1989
Period covered : January 1988 - December 1988
Project leader : A.A. Bonne, B. Neerdael

A. OBJECTIVES AND SCOPE

In 1974 SCK/CEN launched a R&D-programme concerning the possibilities
for disposal of high-level solidified and alpha-bearing radiocactive wastes
in a continental stratiform clay formation (Boom clay) situated below its
own site. Several specific investigations still need to be further
undertaken in order to characterise more accurately the argillaceous
formation in view of assessing its appropriateness for hosting radioactive
waste as well from engineering point of view as for long term safety and
performance evaluations. In support of these also further modelling
efforts are required in order to improve and confirm our prediction
capability.

This research is focussed upon in situ investigations related to the
(thermo-)mechanical behaviour of clay.

Several field tests are developed and performed jointly with ANDRA.

B. WORK PROGRAMME

B.1l.1. Stress measurements in non-frozen clay
B.1.2. Fracturing of clay

B.1.3. Long-term dilatometric tests.
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

Most of the tests intended to study the behaviour of Boom clay under
elevated temperature conditions have not been started up vyet. The
temperature increase around the heated corrosion experiment is not yet
sufficient to allow any reliable calculations and the specific
experimental devices to be developed (e.g. heated dilatometers) are still
under construction.

In order to get information about the stress field in =zones only
slightly affected by the excavation three hydraulic systems have been
installed in the clay mass by way of 15 m long drillholes ; the influence
of the grouting material confirmed to be very important in the
assessments.

A geophysical survey is running for the detection of natural and/or
induced fractures in clay ; after a reference borehole logging campaign, a
long term seismic survey has been launched in the vicinity of one of the
corrosion test tubes at temperature.

Three long term dilatometer tests are running satisfactorily but the
installation of two complementary devices, equipped with heating elements,
is postponed to next year.

In the frame of the study to be performed by ISMES, on the thermo-
mechanical properties of Boom clay, samples were shipped to Bergamo in
March. Laboratory experiments and determinations on Boom clay, undertaken
by ISMES are in progress and results are evaluated in close collaboration.

Progress and results

1. Stress measurements in non-frozen clay (B.1.1)

The first three Gl6tzl cell cylinders (pre-orientated cells grouted
in a cylindrical form) were emplaced in boreholes to get information on
the stress field far from the underground laboratory. The results
obtained and recorded in similar experimental conditions can be compared
satisfactorily (rather isotropic stress field). The pressure level
however remains, even after more than 2 years, relatively low which
illustrates the time dependant behaviour of the clay (influence of a
disturbance previously caused by the drilling to emplace the cells).

As an example the recorded values of the measuring system SMA (ring
9, grout modulus of 250 MPa) consisting of 4 total pressure cells and 1

pore water pressure cell are shown on figure 1 : the pressure decrease
observed on the diagramme during the last weeks gives an idea of the
sensitivity of the measuring device to monitor pressures changes ; these

changes were caused by the drilling of a hole (cased immediately) in the
vicinity of the measuring system.

Improvement of the physical characteristics of the grout (higher
deformation modulus) has more beneficial influence on the pressure
build-up than on the pressure level. 1In view of reproducing by numerical
simulation the pressures recorded and to perform sensitivity analysis in
order to assess the influence of several experimental parameters, a finite
element approach has been launched by way of the 2D-linear elastic
computer code EFINISAR, installed on the CEN/SCK mainframe. Other elasto-
plastic simulations performed by our geotechnical consultant TRACTEBREL
confirm our first deductions.
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2. Fracturing of clay (B.1.2)

Observation of clay fracturation by optical means rapidly appeared to
be inadequate due to the quick convergence of the wall of unlined holes
and due to the limitations in dimension and the remote illumination.

The detection of micro-fracturation, natural or induced by
temperature, has been launched by a geophysical survey from observation
boreholes (single hole and cross-hole technique). A clay volume including
the three vertical corrosion test tubes operated in the Hades-URL was
compared with another volume of clay in an intact clay portion. The
survey is performed by the "Laboratoire de géologie de l'ingénieur et de
prospection géophysique" (ULg) in collaboration with the "Laboratoire du
génie civil" (UCL). The classical borehole logging (caliper, gamma-ray,
gamma-gamma, neutron-neutron, sonic) was completed by a seismic and
resistivity survey.

The location of these experiments is shown on figure 2. The short
term measurements developed for the "heated" section were between rings 3
and 8 and the "intact" zone is situated between rings 8 and 15. In both
of zones, the previously frozen zone (3 to 4 m around the gallery) is
clearly enhanced. When considering a more detailed examination of the
results, a disturbance at the level of the heating elements (ring 3) can
be detected in spite of the low temperature gradients now involved (the
corrosion test tubes had to be disconnected temporarily). Confirmation
has to be brought by long term investigations launched now in combination
and along the restart of the heating of vertical corrosion tubes. The
sensors (geophones for seismic and electrodes for resistivity
measurements) were definitively locked in the PVC casing of two earlier
exploration holes in the heated section.

The rock quality factor (Q) is one of the parameters mentioned on
figure 2. The reciprocal of Q is a measure of the energy fraction
absorbed by a non elastic medium when a wave is propagating through it ;
it is of course an indication of the mechanical characteristics of the
ground.

In the framework of the ME2I/ANDRA research programme concerning the
study of clay behaviour around a heat source by way of spectral analysis,
four holes have been drilled and cased for lodging the instrumentation
around the location of the next future corrosion tube (ring 7). Zero
measurements are scheduled for beginning 1989.

3. Long term dilatometric experiments (B.1l.3)

The three 1long term dilatometer experiments, considered in the
characterization programme of ANDRA (application of the convergence/
confinement theory), are running satisfactorily. For the two experiments
performed at a constant pressure, the stress levels now in operation are
ranging from 2.2 to 2.5 MPa.

For the experiment performed at constant volumetric deformation, the
third volume increment has been set and November 1988. The results of
these experiments are detailed by ANDRA in their corresponding contri-
bution.

The emplacement of the "heated" dilatometers, intended to perform
similar experiments at higher temperature, in view of simulating at small
scale the mechanical behaviour of clay in a thermal field around heat
emitting wastes is scheduled to start after March 1989. Other
experimental conditions (location, dimension, distance from the gallery)
will remain comparable to the experiments already running at clay body
temperature.
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PUBLICATIONS

NEERDAEL B., DE BRUYN D.

Geomechanical research in the underground laboratory at Mol

CEC Contractor's Meeting on Geomechanics of clays for radioactive waste
disposal, Brussels, 1-2 December 1988.

NEERDAEL B., BONNE A.

Oongoing research on geological disposal of radiocactive waste in the Boom
clay layer - last in situ developments

Third Meeting of ISAG, Washington DC, 2-4 May, 1988
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A THERMO-MECHANTICAL BEHAVIOUR OF BOOM CIAY.

Contractor: Ismes S.p.A.- Viale Giulio Cesare, 29 -24100 BERGAMO ITALY
Contract n.: FI1W/0150

Duration of contract: 29 months, from 1.11.1988 to 1.2.1989

Period covered: 1.11.1988 to 1.1.1989

Project leaders: Dr. A. Peano, Ing. G.Baldi.

A. OBJECTIVES AND SCOPE

The understanding of thermal effects due to decay heat like pore pressure
rise, change in mechanical properties and in the hydraulic field under
high lithostatic pressures is fundamental in the evaluation of safety and
in the design of nuclear waste repositories in clay.

For this purpose a thermo hydro-mechanical model has been developed
in ISMES. Its suitability in reproducing the thermo mechanical response
of the samples tested wunder different 1loading conditions has been
positively wverified with experimental tests performed on the HITEP
triaxial cell operating in ISMES laboratories on various types of stiff
clays, either reconstituted and undisturbed.

Furthemore, the interpretation procedures of thermal tests showed
that for some of the clays tested the Campanella an Mitchell procedure
can lead to inconsistent results.

In order to study possible reasons for this inconsistency, first
thermal expansion coefficient values will be studied referring to the
conditions of water in stiff clays, which are suspected to affect
significantly its thermal-behaviour. This study will be conducted with
AECL of Canada.

The results of this research could affect also the predicted
undrained response of clay in terms of pore pressure rise.

In the meantime a better understanding of thermo-mechanical Boom
clay behaviour is foreseen in order to improve the model.

Thermo-mechanical effects on clay due to realistic disposal
geometries will be then studied with this model with the cooperation of
SCK/CEN.

Similar studies are planned also for sand/betonite-mixtures, widely
adopted for backfilling.

B.WORK PROGRAMME

1. Microstructural studies
2

3

Sampling of the Boom clay in the Mol site.
Experimental tests in the HITEP apparatus on natural and artificial
clay soils.

4, Identification of material parameters on the basis of experiments on
Boom clay.

5. Introduction of the options expected from activiy 1 in the
mathematical model.

6. Check on the results of the laboratory tests using the above model.

7. Definiton of the boundary value problems to be treated on the hasis

of prospective in-situ exXperiments and/or typical disposal
technology at Mol site.

8. Simulation of clay mass behaviour with reference to the problems
envisaged 1in activity 7.
9 . Evaluation of simulation results.
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C. PROGRESS OF WORK AND OBTAINED RESULTS.

State of advancement.

Theoretical studies on microstructure of hard clays have been undertaken
in order to assess the role of adsorbed pore water layers in clay
response to nuclear waste heat. A constitutive model for thermal
expansion coefficient of pore water was proposed together with a
mathematical framework to account for adsorbed water presence in the
theory of mixtures of porous deformable continua.

Laboratory tests at ambient and elevated tempoerature are in
progress for specification of the thermo-mechanical model of «clay
skeleton response developed at ISMES to Boom clay. Activities include
improvement of testing devices.

Experiments aimed at supporting the modeling of thermal water
expansion coefficient of pore water for Boom clay have been included in a
parallel research performed by AECL on the behaviour of hard clays.

PROGRESS AND RESULTS

1. Microstructural studies X

A phenomenological relationship for thermal expansion coefficient of
interstitial water based on the rgsults obtained in isotropic heating
experiments on the HITEP apparatus on reconstituted Pontida silty clay
at high stresses and temperature has been developed at ISMES.

It considers not only temperature dependence, as usual for pure
water, but also bonding pressure dependence. Predicted values of thermal
expansion coefficient are considerably lesser when the high pressures
occurring in the adsorbed water layer act.

Strains calculated following this relationship agreed well with
experimental strains obtained from the axial strains.

A lower water expansion coefficient in hard clays, even not very
active, is likely to be present due to the state of interstitial water.

To get experimental evidence with other devices, Boom clay and
Pontida Silty clay were included as test materials in a research
performed by WNRE of Atomic Energy Board of Canada Ltd. on
microstructural properties of clays.

Estimates on quantity of free, adsorbed and bound water present in
a clay soil will be made with the Pressure Plate/Pressure Membrane
apparatus, in wich moisture content-capillary suction equilibria are
measured. This will assist in the analysis of measurements of thermal
expansion and associated porefluid expulsions from samples in tests on
the prototype 1- Dimensional High Temperature High Pressure installed at
AECL. Tests on Illitic and on Pontida clay samples are in progress.

The 1-D cell was ready for tests by late October 1988. The first
heating test was made employing pure water as testing material: good
prediction of water expansion values compared with the theoretical ones
was observed. Heating tests on Silica Sand, Sodium Bentonite mixed with
Silica Sand are in progress. Tests on Crushed Illitic Shale, Pontida
Silty and Boom clay will follow. The choice of these materials is
justified by the need to properly assess the influences of surface
forces/clay mineral type and soil structure on thermal expansion
properties of clay.

2. Sampling of the Boom Clay in the Mol Site.
25 Boom clay samples have been provided by SCK/CEN in early spring 1988,
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obtained in 1987 during the construction of a test drift gallery. 15
samples are packed in tin boxes and 10 in wooden boxes.

3. Test on Boom Clay
Tests on Boom clay are in progress at ISMES using conventional
geotechnical devices and the HITEP apparatus

This last has been provided with drainage at the top and the bottom
and with high entry value porous stones. For thermal tests, water
expansion calibration in the supply circuit has been improved and tests
were performed to verify membrane permeability at high temperature in
presence of different types of cell fluids.

Epichloreidrine and Bromide Buthile membrane performance at 100°C
and under 2MPa of pressure gradient was studied in HITEP employing an
inox steel sample and water, castor oil, silicon oil as cell fluids. It
resulted a considerably higher permeability of the first blend compared
to the other. Fluid flow through the membranes was opposite to that of
pressure gradient in the case of silicon an castor oil: this was thought
as osmotic effect. Further similar tests on a new Bromide-Buthile blend
membranes are planned in February 1989.

Classification and mechanical tests have been performed on Boom
clay sample R116-W112.

Measured clay content and plasticity index are greater than those
measured for Boom clay at 240 m depth tested at ISMES during CEC research
contract 380.85.7.1. (S). Anyway they lay within the experimental range
of variability for this clay.

X-ray diffractometry on random powder and on the =< 2 um fraction
has been performed to characterize the mineralogy of clay fraction,
togheter with DTA,TG and DTG analyses. The types of clay and interlayer
minerals (chlorite, smectite) found in Boom clay lead to consider this
material as potentially expansive.

From stress and strain controlled oedometer tests higher
compressibility was found with respect to the clay at 240m depth.
Preliminary evaluation of the results seems to confirm that maximum
consolidation vertical stress is around 5MPa and K_ value around 0.7.

Two triaxial drained test in the range of high OCR have been
performed (0.8 MPa and 1.7 MPa initial isotropic stress). These tests are
being used to mechanically finalize the constitutive model of Boom clay.
The stress paths were characterized by loading-unloading cycles. Results
showed a marked volumetric strain recovery which was supected to be due
to swelling.

A triaxial wundrained test at high OCR has been performed for
comparison with one analogous test performed on Boom clay at 240 m depth:
the new material revealed more compressible and with lesser residual
resistance.

The first test on HITEP consisted in 1isotropic loading-unloading
cycles in drained conditions, from 2 to 8 MPa of effective pressure under
2MPa of back pressure. Remarkable strain recovery has been measured again
during unloading.

4, Mathematical modeling
Two main activities were forseen in this research to obtain a
rigorous mathematical model for use in a finite element general code:

1- constitutive modeling for Boom clay skeleton thermo-mechanical
behavior (a) and for interstitial water thermal expansion (b);
2- accounting for consistency of constitutive mathematical expressions
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from thermo-dynamics principles and study for possible ways of
accounting for the absorbed interstitial water in the framework of
the porous deformable continua theory.

As for point 1 (a), clay response at low and intermediate OCR was
seen worth to be further studied. FE calculations showed how this range
is most probably that ruling the yielding response of the heated clay
around a waste container.

From a preliminary study on the set of results obtained from
laboratory tests on Boom clay at 240 m depth it resulted the need for a
specification of the yield limit shape and of flow rule.

The results of the mechanical test compaign in progress will
outline the main features of this specification.

As for point 1(b), a possibility is that of using the constitutive
law mentioned in Sec.l if validated by AECL experiments, or to introduce
alternative options coming from the parallel research with AECL.

Ag for point 2 the ruling equations of the theory of mixtures were
studied and have been specified for the case of saturated plastic clays
under thermo-mechanical loadings, accounting for the presence of adsorbed
water in clay pores.

Two principle ways of approach have been selected: mass transfer
(MT) and average water (AW) approach. Here clay is considered as a two-
phase material in which adsorbed water is considered as a part of the
solid fraction (MT approach) and of the water fraction (AW). Consistent
definition of parameters and of mass exchange during thermal loading has
been studied for these two cases. Implication on stress repartition has
been also specified.
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Experimental study of the mechanical behaviour of argillaceous rock

Contractor: Commissariat 3 1'Energie Atomique, Fontenay-aux-Roses,
France

Contract N°: FIIWf0163.F

Duration of Contract: October 1987 - December 1989

Period covered: October 1987 to December 1988

Project Leader: J.Y. BOISSON

A. OBJECTIVES AND SCOPE

Changes in the mechanical behaviour of clays according to the
temperature are not yet well known. If, for the short term behaviour
studies, one can admit that there is no drainage effect and, that, a
temperature rise leads, at the short term, to a clay volume increase,
this cannot be stated concerning the long term, where the drainage
effect must be taken into account.

Recent studies have shown that, thanks to their texture rearran-
gement, saturated remolded porous soils, replaced in a normal
consolidated state, exhibit, in the long term, a volume decrease,
with, as consequences, settling effects and crackings.

It is possible that the long term response of the clays at such
thermal prompting is a fonction of their over consolidation degree :
normal consolidated clays will decrease, in fact, in volume under
thermal sollicitation but this could be different for the over
consolidated clays. The aim of this study is to bring clear and
quantitative experimental answers to these questions both with a
theoretical interpretation of these phenomena.

This research will be performed with the scientific support of
the Centre de Géologie de 1'Ingénieur (ARMINES-Ecole des Mines de
Paris).

B. WORK PROGRAMME

The selection will be made first considering that the sites answer
to some textural granulometric criteria (clays silts) and mechanical
criteria (normally or over consolidated clays).

After that, we will take these materials under predetermined
conditions to avoid remolding and overconsolidation due to surface
dessication.

We will determine then, in a precise way, their initial
overconsolidation degree and their texture, considering that these two
points are essential for this study of the behaviour of clays towards
thermal sollicitations.

2.2. Responses study of the selected material towards the thermal
Qgghanical_ESllicitations -
These responses are mainly textural rearrangements which will be

studied in the laboratory by precise texture identifications and by

comparisons between initial and final state.

2.2.1. Basic petrographic, mineralogic and textural identification
Different procedures will be used : X ray diffractometry analyses,

adsorption tests with methylene blue, Atterberg limits, porosimetry,

observations with scanning electron microscope, and permeabilities.
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2.2.2. Determination of the overconsolidation degree.

2.2.3. Control thanks to blank tests of the thermal behaviour of the
experimental apparatus used.
The aim will be to well separe, in the experimental results, the
information concerning the clay geomechanical behaviour, from artefacts
due to the thermal behaviour of the tests apparatus itself.

2.2.4. Creep tests in oedometer cells and permeability measurements.

An axial backpressure will be applied so as to be able to scan
the temperature range between 20°C and 120°C without pore water loss.
The stress will be equivalent to the one in situ, and will not be less
than 0.01 MPa.

In case of swelling during the sample saturation, the applied
stress will be equivalent to the swelling pressure. The thermal
prompting applied to each selected clay sample will correspond to the 4
following temperatures : 20, 50, 80 and 120°C. Different temperature
rises will be applied, favouring the exploration of parameters linked
to the thermal prompting and to the creep :

a) direct temperature rise (creep study at mid term during 3

months, tests at the 4 mentionned temperatures).

b) direct temperature rise, (creep study at long term during 9

months, tests at 20° and 80°C).

c) progressive temperature rise at 20° and 120°C (for each tempe-~

rature level, creep study at mid term for 3 months).

d) progressive temperature rise and then progressive decrease,

creep study during 3 months (for each temperature level)

one test from 20° to 50°C and then from 50°C to 20°C ; one
test from 20°C to 80°C and then from 80°C to 20°C ; one test
from 20°C to 120°C and then from 120°C to 20°C.

A certain number of these tests will be repeated (two or three
times) so as to ascertain the reproductibility of the results.

2.2.5 Textural study

This study will be done by applying the mercury porosimetry tests,
scanning electron microscope, permeability tests on each sample
(initial and final state). The compared analysis of the whole results
will certainly give a contribution to the thermal mechanical
behaviour knowledge related to the texture and overconsolidation
degree,

The basic equipement for the textural study and for the mineralo-
gical, petrological identifications and classical geotechnical tests is
available. Nevertheless, for the thermomechanical tests it will be
necessary to adapt existing devices.

C. PROGRESS OF WORK AND OBTAINED RESULTS

2.1. Choice of the sites, and sampling of clay

A bibliography study and numerous contacts with clay quarries
people have led us to a pre-selection of several sites where
sampling has been done. Necessary precautions have been taken to
obtain representative samples, avoiding any kind of remolding due to
the sampling or any dessication phenomena.

Seven samples have been taken in quarries

- mixed red an white clays (Barremian) from Saint-Germain

de Flv - Pays de Bray ;
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- white clays (Sparnacian) from quarries of Fontaines and
Fontbouillant - Charentes ;
-~ clays (Sparnacian) from Limay-Vexin at two levels
plastic mixed clay : Limay 1
black clay (5 meters above the first one) : Limay 2.
- clays (Sparnacian) from Provins-Brie, coming from two sites
Montbron and Saint Genest
- green clays (Sannoisian), from South-East Lagny - Brie taken
from a core.
The complete identification of each clay is presented in tables
I to IV. The selection of clay samples which will be used for the
study, has been done on the following bases : mineralogical
criteria (type of clay minerals), granulometry (silty fraction
percentage) and geomechanical criteria (over consolidation ratio ;
plasticity ; natural void ratio which may determine the creep
extent ; swelling potential, and natural sucking which may generate
a remolding due to the swelling).

mechanical sollicitations
2.2.1 - 2.2.2. Choice and basic identification - Overconsolidation

degree

Four samples have been selected

- green clay from Lagny : important illitic fraction,
relatively high plasticity, and high void ratio ;

- clay from Saint-Genest : same characteristics but with an
important kaolinitic fraction ;

- plastic clay from Limay 1 : high plasticity ;

- black clay from Limay 2 : highest silty fraction, and
presence of organic matters which may be sensitive to the
temperature.

These four clays are all overconsolidated but at different
level : Lagny (low OCR), and in the order of importance : Limay 1,
Limay 2 and Saint-Genest.

The clay from Saint-Genest will also be studied in remolded
state : the remolding is .obtained by free swelling during saturation.

2.2.3. Control tests of the experimental apparatus

A specific prototype for the creep tests has been designed
(Fig.1). It is an oedometric cell with back pressure, but with
specific layings out due to the temperatures range, the
thermostatisation with oil immersion, and long test periods

- the lateral friction of the piston is minimised thanks to a
waterproof "BELLOFRAM" membrane between piston and cell ;

- the thermal dilatation is minimised using INVAR for the parts
of the apparatus involved in vertical displacements
measurements ;

- the vertical stress is applied with a pneumatic jack
(max : 2 MPa on the sample) ;

~ the cell is submerged in a silicon oil, with low viscosity
and chemically inert ;

- a back pressure of 0,3 MPa is imposed to avoid water
vaporisation of the pore water sample ;

— saturation sample at the beginning of a test, and
permeability measurements are made via a pressure-volume
automatic controller ;
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- the axial deformation is measured through an electronic sensor

of 1 um sensibility.

Schematic view of the set up is given (Fig.2). There are two
benches of eight cells each.

Qualification tests have been run so as to be sure of the
reliability of the system and to determine the necessary corrections to
be used, taking into account temperature variations on the whole
device, Calibration tests have been made for this last point and it
is shown that thermal equilibrium of the device is reached after
several hours.

2.2.4 - 2.,2.5. Example of results for a preliminary test

A preliminary experimental study has been done at room
temperature (20°C), on the consolidation and creep behaviour in a
standard oedometric cell. The case of the Saint-Genest clay is
considered.

Samples are saturated for one week, preventing or not the
swelling, and submitted during one month to a vertical stress
equivalent at least to the pre-consolidation pressure. Swelling
characteristics are analysed. Textural analysis are made before and
after tests.

The swelling of the Saint-Genest clay (under 5 kPa, after 5
days) during the saturation phase gives a swelling curve (Fig.3)
which can be represented by an hyperbolic law :

e =40 _ o _t

ho B+t
with a final swelling rate G = 4,94 % (after theoritical infinite
time, and a time of half swelling B = 300 min.).

Our sample is then submitted to a vertical stress of 405 kPa
during one month. The results of the test give the curve (Fig.4),
which can be compared to the theoritical creep curve calculated from
FELIX (1980) using the equation

B

c(t) = h, (1 - e 2ty

with final settlement h_ for an arbitrary duration of 100 years.

M.E.B examination of the intact St Genest-clay sample (Fig.6 -
photos 1 and 2) reveals a relatively compact texture of the
turbulent type (after GRABOWSKA-OLSZEWSKA et al. 1984) with a
certain anisotropy. The results of the mercury porosimetry tests
(Fig.5a) indicate a very fine porosity with the most representative
threshold radius of 7.5 10 2 pm and an ultra porosity (< 0,1 um)
equal to 77 % of the total porosity.

Swelling leads to a significant increase of the total porosity,
mainly due to the increase of the microporosity (0,1 a 10 pm) and
the appearance of a new pore family with mean access pore radius of
0,4 pm (Fig.5b). This fact can be related to the microfissure
openings observed with M.E.B (See Photo 3). The trapped porosity
increases too,.

The settlement reached at the end of the oedometric test seems to
induce the disappearance of the micro fissures which were observed
with the M.E.B (See Phote 4), and a decrease of the microporosity
with a mean access pore radius of 0,4 pym (Fig.5c). The ultra porosity
does not seem to be affected. Nevertheless the final texture appears
to be slightly different from the intact one, with higher percentages
of microporosity (0,1 - 10 pym) and macroporosity (> 10 um).
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Inter-
SITE Kaohnite  lhite Smectite "imt:'é | Goetite Quertz
! Smectite .
St Germain de Fly XXX l - - x - x
Fontaines XXX X - - - XX
Fontbouiliaud xxx xx - x - -
Limay ) XXX - - XX X X
(piastique barioiée)
Limay 2 (noiwre) xx ‘ xx xxX - - x
Montbron XXX X - - - -
Lagny | XXX XXX - - -
Tablesu | : Composition minéraloqique xxx : forte proportion
xx : faible proportion
x :traces
- : absence
Pd Wo Sr eo Wi Ip Bleu | Ssp
SITE g/lcm? | g/em’| % % % % | g/100g| mi/q
|
St Germain de Fly 1.81 18 0.99| 0.49 51 24 2.9 85
Fontaines 1.77 18 0.96| 0.48 46 20 1.3 32
Fontbouillaud 1.3 38 0.99| .01 60 22 1.7 37
Limay 1 1.43 32 0.98| 0.87 130 84 14.1 316
Limay 2 1.66] 20 0.87| 0.63 74 40 1.3 376
Montbron 1.79 18 1 0.48 54 30 5.5 153
Saint Genest 1.44 3 0.98| 0.82 9N 49 5.4 118
Lagny 1.45 32 1 0.86 78 