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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
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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
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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.

- 17 -



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.
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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
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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.
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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/.
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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.
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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)
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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

- 73 -

Exemple

le

s of a

onf.

COSA!.
Waste

Compare
Atkins

Team
Team
Team
Team
Team
Team
Team
Team
Team
Team
ist

ist



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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STUDY OF THE CLAY BEHAVIOUR AROUND A HEAT SOURCE

Contractor: MEZ2i, 8 Rue Eugéne Cudiné, 75013 PARIS
Contract No: FIIW.0152.F
Duration of contract: 1 December 1987 - 31 December 1989

Period covered: 1 January 1988 - 31 December 1988
Project leader: P. De Sloovere

Progress report not yet available.
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FRACTURE MECHANICS FOR HARD ROCK

Contractor: J. Gramberg, The Netherlands
Contract No.  g11w/0153/NL

Duration of contract: July 1987 - December 1988
Period covered: January 1988 - December 1988
Project leaders: J. Gramberg

Progress report not yet available.
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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 35 10.0 255
(Bleu : valeur de bleu ; Ssp : Surface spécifique totale)
Tableau !l : [dentification géotechnique
SITE Sable fin (%) Silt (%) Argile (%)
St Germain de Fly 0 30 70
F ontaines 4 20 76
Fontboutllaud 1.5 10.5 a8
Limay 1 0 7 93
Limay 2 2 33 65
Montoron 3 26 n
0 4 96
faagny 1 21 78
Tableau Il : Granulométrie Sable fin = > 64um
EEE— Silt = 64u & 2um
Argile = < 2um
SITE g'qg (kPa) J'c (kPs) Cc
St Germain de Fly 70 130 6.10°?
Fontaines 40 100 0,9.107?
Fontbouillaud a0 200 1.107?
Limay 1 230 340 307!
Limay ¢ 30 85 12.107°
Montbron 100 210 310"
Saint Genest 200 350 8.10?
agny 20 70 13.107?
Tableau LV : Caractéristiques mecaniques J'g = pression de gonflement
O'c = pression de préconsoiidation
Cc = indice de compression

SITE k (m/s) pF
permeabilité succion

St Germain de Flv non déterminé 3,4
Fontaines 1.10-: 4,3
F ontbourliaud 1.10'° 4,1
Limay ! 5.10° " 3.9
Limay 2 1.7.10 -
Montbron 11079 3,9
Saint Genest ‘-‘U_Io 4,0
Lagny 1.10 3,7

“ableau v : Caractéristiques hvdraulique et hydrique
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DEFORMABILITY AND FAILURE BRHAVIOUR OF A SALIFEROUS FORMATION NEAR TO
OPENINGS

Contractor: BRGM, BP. 6009, 45060 Orleans (F)
Centract No,

FI1W/0206
Duration of contract: 1 August 1988 - 1 August 1990
Period covered: 1 August 1988 - 31 December 1988
Project leader: P. Peaudecerf

Progress report not yet available.
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4.2. REPOSITORIES AND ENGINEERED BARRIERS






4,2.A. Repository design and disposal techniques

N.B. : No particular research contracts have been concluded on this subject






4.2.B. Engineered barriers




4.2.8.1 HLW container development (COMPAS)



ASSESSMENT QOF STRUCTURAL PERFORMANCE OF HLW CONTAINERS (COMPAS)

Contractor : Ove Arup and Partners, London, England
Contract No. : FI1W/0111

Duration of Contract : April ’'87 - Dec ’8S

Period Covered : Jan ’'88 - Dec ’'88

Project Leaders : J Miles; S Hendry

A. OBJECTIVES AND SCOPE

The COMPAS project has been designed to look at the mechanical
performance of those containers which will be used for overpacking and
disposal of high level radioactive waste. The following partners are
also participating in the project: CEA (F), Equipos Nucleares (E), NAGRA
(CH), PSI (CH), SCK/CEN (B) and STEAG (D). By agreement of the Partners
it will be restricted to the examination of containers for vitrified
waste rather than containers for the direct disposal of spent fuel. The
project is not concerned with the production of a specific design for
licensing purpose; it is only intended to investigate the characteristics
of representative designs.

The objectives of the COMPAS project are to look at the mechanical
performance of these containers and to develop an understanding of how
they will behave when subject to the most extreme conditions which can
be foreseen in realistic disposal scenarios.

In order to predict the ultimate mechanical performance of the
disposal containers it will be necessary to use computer aided modelling
techniques. The early part of the COMPAS project therefore includes a
considerable amount of computational work which is aimed at developing
confidence in the use of these techniques.

B. WORK_PROGRAMME

During the year the contract was extended to include a more
comprehensive programme of testwork and associated computing. The
revised project plan now comprises the following activities:-

(i) Directory of Computer Codes .
(ii) Containment Concepts

(iii) First Benchmark Exercise

(iv) Preliminary Ring Tests

(v) Intermediate Testwork

(vi) Advanced Testwork

(vii) Prediction of Ultimate Performance.
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C. PROGRESS OF WORK AND RESULTS OBTAINED

State of Advancement

The second year of the project has seen an increasing emphasis on
experimental work. The Directory of Computer Codes and the report on the
First Benchmark Exercise, which were prepared during 1987, have been
submitted to the CEC for publication.

The revised project plan now includes three distinct phases of
experimental testwork and associated computational calculations. The
Preliminary Testwork has been completed, the Intermediate Testwork is
underway, and the Advanced Testwork programme is being prepared.

The project is on schedule and should be completed by the end of
December 1989.

PROGRESS OF WORK

(i) Directory of Computer Codes

During 1987, various finite element (and finite difference)
codes used by the project partners, along with a number of
commercially available codes, were investigated to establish a
directory of codes suitable for the stress analysis of containers for
high level nuclear waste.

The directory included information on each code’s supplier, its
distribution and availability, technical background and pre- and
post-processing capabilities. This directory has been submitted to
the CEC for publication.

(ii) Containment Concepts
This work, performed during 1987, confirmed the state of
development of repository plans for the various project partners.

(iii) First Benchmark Exercise

The purpose of this study was to set up a series of problems
against which the partners could test their favoured codes. Two
different container concepts were investigated during this exercise -

a thick-walled ’corrosion tolerant’ container and a thin-walled
'corrosion resistant’ container. For both containers, the
calculaticns performed investigated the effect of an external
pressure on an annular slice through the container. Both geometrical
and material non-linearities were considered. A total of 18 problems
was specified. '

All of the partners took part in the exercise, although not all
of them attempted every problem. During 1988 the report on this work
was submitted to the CEC for publication under the title "Stress
Analysis of HLW containers". Figure 1 shows a typical set of results
- for the elastic-plastic analysis of a non-uniformly corroded thick-
walled container.

(iv) Preliminary Ring Tests

The first computer benchmarking exercise confirmed that several
of the codes used were capable of calculations involving large
deflections, in problems typical of those experienced by HLW
containers. However no experimental information was available to
assess the accuracy of the codes’ predictions. To address this
shortcoming the Preliminary Ring Test programme was set up. In these
tests ring specimens (160mm diameter, 16mm wall thickness) were
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loaded transversely across a diameter using parallel plattens.

In addition to tests on standard ring specimens, a number of
tests were carried out on rings with representative defects. These
include rings with internal or external notches and rings with an
external layer of weld deposit. Four different ring types were
manufactured, and three tests on each type were performed. The
project partners were invited to model these tests, and most of the
partners attempted all the problems. Results were received during
October and November 1988, and a report on this part of the project
is being prepared.

(v) Intermediate Testwork

The Intermediate and Advanced Testwork programmes involve
isostatic pressure tests on scale models of HLW containers. The
intermediate tests look at simplified one-third scale models of
thick-walled containers. By including several variations to the
standard container, these tests give an opportunity to examine the
effect of these variations on the performance of the container. The
test programme investigates the effects of reduced wall thickness,
non-uniform corrosion and different welding methods.

Eight containers were manufactured by Equipos Nucleares, Spain,
during November and December 1988. The testwork will be performed
at the Schlumberger test facility in Paris during January and
February 1989. The containers will be subjected to a uniform
external pressure of up to 100 MPa, and will be extensively
instrumented to allow post-test comparisons with computational
predictions by the project partners.

(vi) Advanced Testwork

Following on from the intermediate tests there will be a small
number of tests on more realistic scale models of actual HLW
containers. These containers will be as near as possible to an
existing design, but there are restrictions on the cost, size and
strength of the containers. 1In these tests features such as lifting
pintles and end closures will be modelled in greater detail.

These Advanced Tests will take place in July, August and
September 1989. They will be extensively instrumented and should
give a great deal of information concerning the likely behaviour of
real containers under disposal conditions.

(vii) Prediction of Ultimate Performance

This study is intended to predict the ultimate performance of
the containers under extreme disposal conditions. It will draw on
the conclusions from the experimental programme, especially the
Advanced Testwork. By its nature it can only be attempted once the
majority of the work in the later part of the project has been
completed. However some preliminary hand calculations were performed
at the beginning of the project in order to give a general
appreciation of the problem. This preliminary work formed part of
the planning studies for the experimental work mentioned above.
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4.2.B.2. Backfilling and sealing of radioactive waste
repositories
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In-situ reduced scale backfill and heater experiment

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 1in 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 particular item aims at investigating in situ the performances
of an argillaceous seal and its immediate surrounding clay in a thermal
field.

The expefiment is developed jointly by the CEA/DRDD and the CEN/SCK
where the field test is taking place in the HADES-URL (Underground
Research Laboratory).

. WORK PROGRAMME

.2.1. Investigations about materials and instrumentation

.2.2. Integral reduced scale in situ experiment (Bacchus)

2.3. Validation of heat transfer and thermo-mechanical computer models

B
B.2.
B

B.2.
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The Bacchus experiment ("BACkfilling Control for High level wastes
Underground Storage") has been designed in 1987 ; the experimental
conditions prevailing at Mol have in particular led to the definition by
the two parties involved (CEA/DRDD and CEN/SCK) of the composition of the
materials to be used.

Emphasis is laid on the thermal and hydraulical transfers through a
highly compacted material placed at the periphery of the heater and in the
surrounding clay mass.

Much time was devoted this year to the choice and/or development of
measuring devices including calibration and testing. Among the
instrumentation now installed in both materials (temperature pressure,
humidity), the measurement of water content has required the development
of specific moisture sensors : thermal probes in compacted material and
TDR sondes (Time Domain Reflectometry) in the surrounding clay.

The test cell was installed in a vertical access hole in clay 14 m
underneath the gallery lining end November and sealed off in the clay mass
by a plug of recompacted Boom clay.

After improvement of the contact of the test cell with the clay body
and the restoration of the local conditions, the experiment is scheduled
to start in the course of February 1989.

Progress and results

1. Investigations about materials and instrumentation (B.2.1)

Characterization of materials

The natural clay selected by CEA/DRDD (Ca-smectite) is mixed in a
proportion of 50 % with sand (45 %) and graphite (5 %) in order to adapt
respectively the swelling pressure (5 MPa) and the thermal conductivity
(1.7 W/m° C) to the experimental conditions at Mol.

The characterization of the backfill material and the reused Boom
clay has been made by CEA. An isostatic compaction level of 20 MPa has
been chosen for final characterization and fabrication ; it corresponds to
volume weights convenient for in situ conditions and does not compromise
the mechanical behaviour of large cylindrical cores (D = 300 mm).

Instrumentation

The clay host instrumentation, in charge of CEN/SCK, has been
installed by way of access drillholes prior to the installation of the
test cell and located as illustrated by figure 1.

The measuring devices are located between 50 and 100 cm of the test
cell, the minimal distance being related to the precision of drilling 15 m
long holes and the maximal one is required for experimental purposes
(minimal temperature evolution).

Have been placed in the surrounding clay (figure 2) :

- 18 temperature sensors (Ptl00) by way of 2 boreholes ;
- 10 screen piezometers (2x5) by way of 2 boreholes ;
- 10 other Ptl100 for each of the screen piezometers ;
- 8 hydraul earth pressure cells by way of 2 boreholes ;
2 pore water pressure cells coupled with the previous ones ;
8 humidity sensors (TDR probe) by way of 2 boreholes ;
- 8 other Ptl00 for each of the humidity sensors ;
1 access tube for use of a gamma/neutron sonde (one hole).
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The TDR method, based on the properties of electromagnetic waves,
consists in measuring the transit time of waves along a probe in a soil.
If the technique has been proved, the specificity of this application
needed to design special bifilary probes where the two rods have to be
pushed horizontally in the clay from a vertical access tube, 170 mm in
diameter. Calibrations have proved that the reduced length of the rods
(8.5 cm in this case with regard to 30 cm usually used) does not seriously
affect the accuracy.

The instrumentation placed in the highly compacted backfill material
(temperature, pressure, humidity) is described in the corresponding CEA
progress report.

Complementary probes (pressure, temperature) were installed at the
top of the seal plug (compacted Boom clay blocks) during the placement of
the whole system in the hole.

2. Installation of the experiment (B.2.2)

Figure 2 gives the 1location and dimensions of the different
components of the experimental set-up. The set-up includes the
experimental cell itself (1.68 m high) including the buffer and the heater
and the seal plug (1.47 m high) consisting in Boom clay blocks.

The experimental cell is composed of 5 circular blocks of compacted
backfill material, 0.3 m high. The upper plug consists in 4 circular
blocks of Boom clay, 0.36 m high. The cables connecting the command and
measuring units in the URL with the instrumented and heated lower part of
the cell are introduced in the central hoisting pipe.

From a 760 mm diameter access hole in the cast-iron lining, a 11 m
long vertical hole was drilled in 450 mm diameter and lined by a steel
casing (406/396 mm). From this level, the hole was deepened in smaller
diameter (390 mm) over a distance of 3 m and the experimental cell
(800 kg), 330 mm in diameter, lowered down the hole.

The drilling phase was particularly time consuming due to the
necessity, to retrieve a caliper device abandoned in 1984 at the same
location as the Bacchus test.

The heating elements (D = 60 mm, H = 1500 mm) are designed to perform
the test at constant heat power between 300 and 500 W corresponding to a
temperature increment of respectively 70 to 100 °C at the interface
between the heater and the buffer after one year.

3. Results and interpretation (B.2.3)

The data and results obtained will allow the comparison and
validation of thermomechanical and heat transfer computer codes. The
temperature increment expected at the interface between the heater and the
backfill has been calculated with the MPGST-heat transfer code recently
validated by the reproduction of the temperature field recorded around the
corrosion test tubes.

PUBLICATIONS

NEERDAEL B., VOET M.
In situ reduced scale backfilling and heater test
CEC Meeting on Backfilling and sealing, Paris, 18-20 January (1988)

NEERDAEL B., BONNE A.

Ongoing research on geological disposal of radioactive waste in the Boom
clay layer - last in situ developments

Third Meeting of ISAG, Washington DC, 2-4 May (1988)
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FEASIBILITY STUDY FOR HIGH LEVEL RADIOACTIVE WASTE DISPOSAL IN DEEP

BOREHOLES DRILLED FROM THE SURFACE

Contractor : ENEA, CRE CASACCIA, ROME (ITALY)
Contract No. : FI1W/0056-1

Duration of contract : January 1987 - December 1989
Period covered : January 1988 - December 1988
Project leader : E. Tassoni

A. OBJECTIVES AND SCOPE

A preliminary feasibility study has been carried out in the frame of a
previous contract (255-80-7 WASI) on the disposal of high level and
cladding hull waste in the Pliopleistocenic blue clay of Italy. Two
preliminary repository models have been assessed

- mined repository
- deep boreholes drilled from the surface

Of the two models, assessed for the same reference power programme
(10 GWe), the deep borehole facility seems preferable if compared to the
mined repository from several points of view but especially as regards
total cost and flexibility. The deep borehole facility is also modular,
it doesn't heavily interfere with local and use; even if inacceptable
geological conditions are encountered in one borehole, operations can be
moved to another part of the site with little cost penalty. The main
goals of this project are the following

- elaboration of a preliminary demonstration test of high level
radiocactive waste disposal in deep boreholes drilled from the
surface;

- determination of the in laboratory and in situ behaviour of
plugging and backfilling materials for deep borehole disposal.

B. WORK PROGRAMME

1. Feasibility demonstration test of deep borehole plugging.

1.1. Laboratory permeability tests, carried out both in small triaxial
cells and in big oedometric cells, on samples formed by natural
clay as well as on samples formed by clay sealed with different
materials (cement, bentonite, etc.).

1.2. On site plugging test of a deep borehole, sealed with the material
selected under item 1.1.

2. Project of a demonstration test for high level waste disposal in
deep boreholes drilled from the surface.
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C.PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

Further laboratory tests, aimed at measuring the variations of
permeability caused by central plugs of selected sealing materials
within indisturbed clay samples, have been performed. The tested samples
have been also examined by means of an electron microscope to study the
nature cf the clay-sealing material interface.

Vertical electric resistivity sounding have been also carried out in the
C.R.E. Casaccia area to know the stratigraphy of the site where the
feasibility tests of geological disposal in a deep borehole drilled from
the surface will be performed.

PROGRESS AND RESULTS

1.1. The permeability tests have been performed on clay samples after
the emplacement of plugging materials (cement, bentonite). The
tests have been carried out in a special cell which allows a
central hole to be drilled in the clay sample and then filled
with the plug material.

The further main conclusions obtained from these tests can be
summarized as follows

- the permeability of cement is lower than the permeability of
clay;

- no adhesion has been observed between the clay and the different
types of cement grout, with or without expansive additive, when
cured under different conditions but without any application of
load;

- when curing took place under load, good adhesion was observed
between the clay and the cement grout;

- the flow of water in a sample consisting of a clay surrounded by
remoulded clay is larger than in undisturbed clay.

1.2. To know the exact geological stratigraphy and the thickness of the
clay formation situated under the C.R.E. Casaccia Centre a
geophysical survey has been carried out. Eleven vertical electric
resistivity soundings have been carried out in the Casaccia area.
The geoelectric survey has located four different layers

- an overburden layer (0-30 m) (electrical resistance 50+70 ohm-m)
constituted by the permeable volcanic rock;

- a complex (30-250 m) (electrical resistance 15+20 ohm-m)
constituted by the clayed tuff and the pleistocenic clayed sand;

- a complex (250-700 m) (electrical resistance 3 ohm-m) constituted

by the pliocenic clay and miocenic flysh;

a substratum constituted by the mezozoic carbonatic basement.

The exploration data are under examination for the project feasibility.
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TRIALS AND CONTROL OF PLACING FILLING AND SEALING MATERIALS
FOR DEPOSITS IN SCALE MODELS

Contractor : SOLETANCHE ENTREPRISE S.A.

Contract n° : FI 1W/0057

Duration of contract : February 1987 to March 1990
Period covered : January 1988 to December 1988
Project leader : D. GOUVENOT

A. OBJECTIVES AND SCOPE

The containers of radioactive wastes of high or low level activity
will be disposed of in vertical shafts or horizontal galleries., In order
to avoid any groundwater circulation in contact with the containers the
void between the rock and the containers will be filled with sealing
materials,

The materials, subject of this study, are cement based mortar
formulations which are the results of previous studies and experiences
of SOLETANCHE and C.E.A. These materials made of water, cement, clay and
additives have to exhibit various mechanical characteristics as stabili-
ty, imperviousness, durability, possible retention towards radioactive
cations and above all easy placing in order to assure a good quality
filling and sealing.

The first objective is to evaluate the hereabove characteristics of
various mortar formulations, through lab tests, in order to select four
formulations best suited to the filling and sealing,

The second objective is to improve and finalize the placing method
of materials in scale models. To that aim, each of four scale models
will be, one after each other, filled, cured at various temperatures,
tested and dismantled for examination in order to define the best
material placing technique,

B. WORK PROGRAMME

1. Laboratory studies

l.1 Theoretical studies, From the previous studies and experiences,
choice of filling material formulations.

1.2 Preselection tests (based on the placing criteria). The rheological
properties of the hereabove formulations are measured in fluid
state (viscosity, shear strength, bleeding, workability limit),

1.3 Final selection of formulations. Measurements of characteristics of
hardened materials (strength, shrinkage, water content, permeabi-
lity, thermal conductivity, microstructure, retention and diffusion
of caesium ions) cured at various temperatures (20, 50 and 80°C).

2 Experimental studies
2.1 Vertical scale models, Filling and quality controls of two succes-
sive vertical scale models.
- Study and improvements of materials placing and instrumentation.
- Controls of fresh and hardened materials in lab and in situ,
- Controls and tests of filling and sealing properties of materials
in the scale models,
2.2 Horizontal scale models., Filling and quality controls of two suc-
cessive horizontal scale models,
- Same tests and controls as vertical models.
- Finalization of materials placing technique. Particular gpecifi-
cations for horizontal scale models,
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

After the first year (1988) dedicated to laboratory studies, the
work in 1988 was mainly aimed at the experimental studies i.e. at the
tests on scale models.

During the period, a first vertical model simulating a waste
vitrified container in a shaft was prepared, sealed and tested after
curing. This first model revealed some problems due to both design of
the model and the technique of sealing. The results of tests were not as
satisfactory as expected.

A second modified model was prepared according to the results of
the first one. This model was sealed late 1988, and is now curing for 3
months. The sealing material used for the two scale models is a Portland
cement based mortar. The formulation used for the second model was
modified with regard to the first one, in order to improve the placing
of the mortar in the annular space between container and shaft wall,

PROGRESS AND RESULTS

1. Laboratory studies
Laboratory studies were still going on early 1988 and new results
concerning shrinkage and diffusion were known.

1.1 Shrinkagé. The dimensional variations of samples cured at 20°C and
in various moisture conditions showed the shrinkage is closely
dependent of cement type. The following classification was found
(from the best) :

CPA (Portland cement)

CLC (Portland + fly ash + slag)

CLK (Slag + Portland)
cured in water the samples exhibit swelling instead of shrinkage
when cured in various moisturized air,

1.2 Diffusion. Diffusion tests of caesium 137 and tritium water (HTO)
on 3 various sealing materials differing over the cement type have
been in progress since one year at the CEA facilities, The
stabilizations were not reached yet for most samples. However, a
trend can be given concerning tritium water diffusion, as follows

Diffusion coeff%cient De (cm2/day)

CPA 55 1 x 10_,
CLC 45 <4 x10
CLK 45 2,4 x 10

1.3 Selection of sealing materials for scale tests. The main criterion
which was considered in order to select a sealing material was the
shrinkage. Excessive shrinkage could lead to (i) cracks involving
possible horizontal water circulation (ii) loose contacts between
mortar and ground or between mortar and waste container involving
possible vertical circulations of water, if any. These possible
flaws could create water flow thousands of times higher than the
flow due to intrinsic permeability of sealing material, ranging
from 10-10 to 10-13 m/s.

For these reasons, a mortar formulation based on Portland cement
was selected and used for the first vertical model.
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2
2.1

2.2

2.3

Vertical scale models,
Design. The two attached figures show the design of the vertical
scale model., A concrete cylinder 150 cm high and 90 cm in inside
diameter is simulating the shaft, The bottom 1is plugged with a
concrete layer and sealed with epoxy resin. A layer of filter sand
put on the concrete plug allows leak tests to be performed. A
filter fabric laid above the filter sand avoids sealing material to
penetrate the sand during the filling operation.
A steel cylinder 50 cm in diameter and 100 cm high hermetically
welded at the bottom, simulating the waste container, is placed in
the middle of the shaft on the fabric.
The whole scale model is buried in the ground (fine silica sand);
only the upper 40 cm of concrete cylinder is above the ground. The
aim of the test is to check the quality of the sealing material
placed in the annular space, and of the filling operation, and its
behaviour to seal properly the waste container against possible
water flow coming from the host ground,
Several successive designs were tested ©before getting the
satisfactory present design. The steel container is filled with oil
and heated by means of an electric heating element immersed in the
oil and regulated at 80° C, Heavy steel ballasts put in the
container avoid any displacement or floating at the time of filling
the annular space with pseudo liquid sealing material,

Quality control equipments.

- Temperature : several thermocouples were placed 1in various
locations in order to check the temperature variations in oil,
sealing material and in the soil.

- Ultrasonic logging : 12 steel pipes placed inside the waste
container, 1in the middle of annular space and outside the
concrete cylinder, allow ultrasonic loggings to be performed, in
order to check the quality of the contact between sealing mortar
and walls of waste container and concrete cylinder,

- Leak test : two small metallic pipes fixed through the concrete
cylinder at the level of filter sand allow water to be injected
at the end of the curing period, in order to detect any flaws of
the sealing along the steel or the concrete cylinders.

- Sampling : two diamond cored samples are recovered from the whole
height of the sealing material at the end of the curing period,
in order to measure the mechanical characteristics of the mortar
cured at 80° C.

- Visual observation : the scale model is finally removed from the
ground and cut in two parts, in order to check the overall
quality of the scale test.

Filling with sealing material. After heating the steel container at

80° C, the annular space was filled with CPA 55 mortar. This mortar

is made of : water
cement CPA 55
silica fume
clay
fluidifying agent
retarder

The placement of sealing material was carried out rather smoothly,

even if the mortar was more viscous than expected. After filling

completion, the mortar surface was covered with water and the whole
insulated with fiber glass. After five months of cure at 80° C, the
control tests were carried out,
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2.4 Tests on cured scale model
2.4.1 Leak test. Water under a pressure of 50 kPa (0,5 bar) was applied

at the bottom of the waste container through the water inlet and
the filter sand, After about 3 minutes, the water came to the
surface of the mortar along the concrete cylinder through a 2 cm
long split and no thicker than 1/10 mm. The flow, very slight to
start, slowly increased with he extension of the split. It seems
the water pressure pushed the wall of concrete cylinder that cannot
sustain the pressure without traction deformation. No leak appeared
along the waste container,

2.4,2 Ultrasonic loggings. Sonic tests were performed in the various

pipes before the sealing and after the curing period. The
comparison of the two series of results are shortly expected.

2.4.3 Visual observations. Two core samples were recovered in order to

3.

check the overall appearance of the mortar and to perform
unconfined compression tests, and permeability tests as well,
Presence of a few small air bubbles (<2 mm) was noted.

The model was then cut, by means of a diamond disc saw, in two
parts along two opposite generatrices of the concrete cylinder., The
visual observation highlighted the presence of some local flaws in
the continuity of sealing mortar along the concrete cylinder : some
kind of very flat lenses of air likely trapped during the placing
phase, due to a too high viscosity of the mortar. These flaws, only
localized along the concrete, should be avoided in the next scale
model by using a more liquid mortar.

Next stages

The second vertical scale model was prepared and filled late 1988.
Some slight modifications in the design were made to improve the
placing of the sealing material. The formulation based on CPA
cement was also modified to improve the initial viscosity and to
reduce the possible shrinkage, After 3 months of cure at 80° C, the
same series of tests will be performed. The 1leak test will be
carried out more smoothly : the water pressure will be slowly
increased, according to very small step, in order to better analyze
the possible occurrence of leaks.
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Sealing of fractures and boreholes

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

Contract No : FIIW/0058.F

Duration of contract: October 1986 - December 1989

Period covered: January 1988 - December 1988

Project Leader: J.Y. BOISSON

A. OBJECTIVES AND SCOPE

Radioactive wastes disposal 1into deep cristalline rocks
requires to carry out important underground works or geological
investigations by the means of boreholes which might induce direct
pathway or short circuits for water, between repository and ground
surface. It 1is essential to use specific technics and methods
allowing the sealing of these potential pathways.

Among several other possibilities, clay materials have been
considered to fill the boreholes and shafts. One family of clays,
the montmorillonites, are widely studied because of their qualities:

good adsorption towards radionuclides, swelling properties in
contact with water.

The aim of the study, is to determine, in laboratory and in
situ, the behaviour of such clays, used as a plug in a borehole in
contact with an hydraulic fracture, and to study the possible
erosion of such a plug so as to be able to estimate the longevity of
the sealing.

B. WORK PROGRAMME

2.1. Laboratory studies

2.1.1, Experimental erosion apparatus with bentonites are used,
thanks to scale models simulating a fissure. Appropriate technics
are carried out for the -determination of the eroded clay mass by a
water flow inside the model fissure.

Tests will be performed with different types of representative
clays, i.e. those which are presentely investigated and could be
used as sealing material in a real repository :

~ the Na bentonite "Green Bond", from Wyoming (USA)

- the Na bentonite "MX 80", also from Wyoming (USA)

- one Ca bentonite (FoCa), from Fourges-Cahaignes (France).

The waters which will be used, will be of different types, either
natural (from cristalline formations), or reconstituted with
different percentages of relevant ions.

2.1.2. The behaviour study of this sealing material is completed
with direct observations of the <clay in the fissure, with
granulometric analysis, and mineralogic X rays analysis.

We intend to ascertain the influence of the nature and velocity
of the water flow. The experimental parameters will then be ion
concentrations caracteristics and water flow rates.
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2.2. In situ study

A fracture with a significative water flow, in a well known
direction, will be selected, in situ, in a mine or quarry. The
geometric position of this fracture will be identified thanks to
boreholes, used themselves for hydraulic studies and sealed with
bentonite at the fracture level.

The resulting water flow will be characterised by the means of
tracers, water flow rates measurements at the free surface of the
drift or on the face of the quarry.

After the experimentation, for a time depending upon the amount
of the recovered clay mass, an over coring operation will be done,
perpendicular to the fracture plane, both at the plug level, and
around,

Modifications of the clay plug will be analysed in the
laboratory, using the same technics as those for the scale model
tests.

The clay, used for this test, will be one of those used in the
laboratory.

2.3. Numerical model

The evaluation of the transported clay mass will be analysed
and quantified both for the laboratory and in situ experimentations.

The results will be compared, and it is intended to establish a
correlation between the two configurations.

This must lead us to provide a numerical model concerning the
erosion behaviour and the durability of such bentonite plugs in

boreholes in contact with water.

C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The first part of this research consists in laboratory tests,
simulating the behaviour of a bentonite, sealing a fracture thanks
to its hydration and swelling due to the presence of water, and

submitted to erosion phenomena due to the action of the same water
flow.

Tests have been performed under different conditions, considering
two types of geometry for the simulated fracture, different types of
bentonites at different physical stages of hydration. The
measurements which are made aim at characterising and evaluating the
longevity of the clay under different conditions.

PROGRESS AND RESULTS

2.1.a. As a first step, several free swelling tests with bentonites
have been performed to evaluate and compare the behaviour of these
bentonites under different conditions.
- Tests with highly compacted (1000 bars) cylindric samples

(@ = 56 mm, h = 20 mm) of dry bentonites (W% init. =~ 10 %). Tests
are run with two Na bentonites ("Green Bond" and "MX 80"), and one
Ca bentonite ('"FoCa"), and three types of waters for each sample
(demineralised, granitic "Fanay", and volcanic "Volvic"). The free
swelling curves show :
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- More rapid free swelling for the first hours in the case of
the Ca bentonite.

- Constant value (Ah/ho ~ 150 & 200 %) reached after 40-50
hours for the Ca bentonite.

- Very high swelling caracteristics (Ah/ho > 400 % after 85
days) in the case of the Na bentonite.

- Considering the influence of the water caracteristics, on
the relative importance of the observed swelling it can be stated
that
Swelling (demineralised water)>Swelling (Fanay)>Swelling (Volvic)
in any cases.

It can also be mentioned the strong difference in the clay mass
behaviour between the Ca bentonite (which remains very homogeneous)
and the Na bentonite wich presents after several days a zone of very
soft gel. This shows the importance of the chemical ionic exchanges
between clay and water and the influence on the erodability of the
clay.

These chemical exchangesprocesses free static during swelling
have been analysed for tests between Na bentonite and two waters
(demineralised, and volcanic "Volvic'")

- Na, Ca, Mg and K ions are logically found in the

demineralised water at the end of the tests.

-~ In thre case of the Volvic water, it is shown that Ca, Mg and

K ions are absorbed by the Na clay ; the amount of these
ionic concentrations will be found to be very important
concerning the erosion possibilities of the Na clay.

2.1.b. Erosion tests have been performed in a simulated vertical
fracture (w = 5 mm) using a Na bentonite highly hydrated (W% = 400
to 1160 %) with waters at different ionic concentrations and
different water flow rates.

In certain cases, it can be shown that the observed erosion
phenomena (concentration of clay particules) during the first hours
of the tests are more important for lower water flow rates. In the
same conditions, this erosion appears to be non-existent or very low
with certain ionic concentrations (cf. Fig.l). Depending on the
nature and the concentration of ions incorporated in the different
tested waters, it has been possible to establish an "erodability
domain" for the Na bentonite (cf. Fig.2).

The lower the flow rates are, the more important is the
development of different zones in the clay mass in contact with the
water. The mineralogical and size particules caracteristics of
these zones seem to be of very high importance for the erodability
of the Na bentonite.

2.1l.c. A second seriesof tests have been performed in a simulated
horizontal fracture (w = 2 mm) using cylindrical plugs (@ 57 mm,
h = 100 m) of highly compacted samples (1000 bars) of dry (W% = 10 %)
Na bentonite ("MX 80") and Ca bentonite (FoCa) in contact with
demineralised water (cf. Fig.3).

The comparative tests, run for about four months yield the
following constatations
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RESEARCH ON BACKFILLING AND SEALING OF ROOMS AND GALLERIES IN A
REPOSITORY IN SALT

Contractor: GSF/Inst. f. Tieflagerung (IfT), Braunschweig, F.R.G.
Contract No.: FI 1W/0059/D

Duration of Contract: September 1986 - December 1989

Period covered: Jan. - Dec. 1988

Project Leader: M. W. Schmidt

A. OBJECTIVES AND SCOPE

The multibarrier concept for the final disposal of radioactive wastes
provides backfill materials and seals as construction components with the
purpose to prevent or to delay the transport of brines to the waste con-
tainers resp. to hinder radionuclides from reaching the biosphere via the
brine as a consequence of an assumed incident.

Backfillings also have to act as mechanical stabilizers and to serve
as a "filling agent", i. e. between waste containers.

Backfill materials have to take over a function as a barrier at a ve-
ry early stage because so far there is no experience available on the
long-term stability of constructive seal components.

In a first step technical concepts for backfilling of underground
"repository rooms" with a so-called "reference backfill material” are to
be developed and tested in the laboratory with supporting in situ tests.

. WORK PROGRAMME
.1 Soil mechanical laboratory research on backfill materials to in-
vestigate backfill characteristics

B.1.2 Geotechnical in situ measurements to determine the interaction be-
tween rock salt and backfill

B.1.3 Performance of geotechnical in situ measurements and rock mechani-
cal laboratory tests on old, preconsolidated backfillings

B.1.4 Development of an evaluation matrix for selection and use of suit-
able backfillings in salt formations

B.2.1 Investigations in the laboratory on the mechanical and hydraulic
parameters of sealing components

B.2.2 Surveying supervision of existing chamber and gallery sealing sys-
tems at the Asse salt mine

B.2.3 Development of an evaluation matrix for selection and wuse of

suitable sealing components

o oo
—
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C. PROGRESS OF WORK AND RESULTS OBTAINED

Some cnaracteristics of packfill materials (salt grit) can be deter-
mined by using a newly developed test apparatus (Fig. 1). Salt grit can
be neated up to 200 °C and compressed with an axial stress varying up to
103 MPa. After preparation breaking strength and deformation of tnese
probes can be determined by using a KARMAN-machine.

The geotechnical control measurements in backfilled chamber
8a/532 m level and in the chamber itself did not show final results. The
settling rates of the backfill range from 3 to 12 cm p. a., depending
upon installation height and time of installation.

Automatic measurements of pillar deformation show a range of 0,8 to
1,3 mm p. a. Total extension in the eastern pillar was 6,3 mm in December
1988 (Fig. 2). Stress measurements in the southern supporting pillar ex-
hibit an increase of pressure of up to 2,3 MPa in west-east direction.
The north-south stress component is still at 0,5 MPa.

To determine the time-dependent deformation opehaviour of packfill
furtner extensometer measurements were carried out in the backfilled
"double exploitation" chamber no. 3 at the 679/658 m level. In a horizon-
tal borehole with a length of 38 m a divergence rate of 8 mm/month was
measured.

A backfilled potash exploitation chamber at the 750 m level is being
monitored with extensometers. The present deformation rate is 1,5 to
3,1 mm p. a. A convergence cross-section in close vicinity to this cham-
ber in the main drift to the north show a horizontal convergence rate of
2,3 cm/a and a vertical convergence rate of 2,7 cm/a. Further measure-
ments are no longer possible since tne safety of the staff is hazarded by
possible rock fall at this locality in the mine.

Potential building materials for the construction of underground
sealing systems are salt concrete as well as salt bricks composed of salt
grit with and without additives. One possible additive is clay. Crushed
salt with a bentonite content of up to 20 % shows a higher density by
10 % without tne influence of furtner compression of these mixtures.

In order to assess backfillings as well as construction components
for sealing systems it is necessary to know details of their geochemical
material properties. One basic matrix each was developed for the main
properties of backfillings and sealings.

List of publications

SCHMIDT, M. W.; WALLMULLER, R., et al., Untersuchungen zum Versatz und
VerschluB von Kammern und Strecken in einem Endlager im Salz.
Abteilungsbericht IfT 10/88 (1988)
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CRUSHED SALT BEHAVIOUR UNDER EFFECT OF A HEAT SOURCE IN
BOREHOLES DRILLED IN A SALT MINE

Contractor : ANDRA, PARIS, FRANCE
Contract n°® : F I11W/060

Duration of contract : 24 months

Period covered : 01/10/86 - 01/11/88
Project leader : R. ANDRE JEHAN

A - OBJECTIVES AND SCOPE

The study concerns the final stage of a nuclear waste disposal in deep salt
formations : the partial or complete closing of a site. Sealing of drifts
and shafts must be performed as tight as possible to set up a barrier as
similar as possible to the natural geological barrier.

As crushed salt backfilling corresponds to one of the considered concepts a
research program is actually developped on the basis of the following
axis

- thermomechanical behaviour of crushed salt during thermal climax and
during cooling, '

- mechanical interaction between crushed salt and rocksalt,

- evolution of fluids, especially trapped air in crushed salt pores.

This study led to performing an in-situ experiment by heating crushed salt
in several boreholes drilled in a salt layer in the Alsace Potash Mine
(MDPA) .

ARMINES (Association pour la Recherche et le Développement des Méthodes et
Processus Industriels) is contractor for ANDRA to support the experiment
which is conducted by LMS (Laboratoire de Mécanique des Solides) and the
Engineering Department of MDPA (Mines de Potasses d'Alsace).

B - WORK PROGRAMME

1. Preparation of the test site
Drilling of the boreholes
- six 240 mm diameter boreholes destined to be heated,

- small measurement boreholes : four around each of the heated
ones.
2. Instrumentation

2.1. Setting up of the computer controlled system developped by LMS for
data acquisition and data transmission (from the test site to LMS).
2.2. Equipment of the borehole :
- heated holes
+ introduction of the framework supporting the electric wires
and several transducers (for measurement of temperature,
interstitial pressure of trapped air, total pressure of
crushed salt, borehole closure),
+ backfilling of crushed salt in five of them, the sixth one
leaving without backfill in order to check natural closure
of heated salt and to compare its behaviour to the others’.
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- Small holes : introduction of the temperature and extensometry
measurement transducers.

3. Modelling
3.1. Preliminary calculations in order to define the following points
- thermal power to be supplied in each borehole to reach a wall
temperature of 110° C,
- geometrical shape and position of the heating sources,
- heating process,
- range of the transducers.
3.2. Interpretation of the in-situ results.

4. Laboratory experiments

The following experimental study has been conducted in order to determine
mechanical and thermal properties of crushed salt

- physico-chemical analysis,

- mechanical properties at ambient temperature,

- mechanical behaviour under temperature (up to 100° C),

- thermal study.

C - PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The technical difficulties occured at the beginning of heating in Borehole
n® 1 were related in the former annual report. Here we just mention that
they required the substitution of electric wires in the other boreholes and
involved an extention of about six months for the duration of the
experiment.

1988 was basically devoted to instrumentation of Boreholes n° 2 to 6 (fig.
1) and to analysis and interpretation of the first results. Heating was
entirely stopped at the end of the year, in order to observe cooling until
end of March 1989.

Progress and results

1. Analysis of the firts results

Analysis of the first results lead to the following observations

- because of its wvariations between about 3° C and 28° C, ambient
temperature in the galleries of the test site appears to be an

important parameter, which must be taken in account

- in the heating boreholes

+ a steady state temperature was established very rapidly in
backfill materials, within less than 10 hours

+ temperature of backfill 1is homogeneous at the wall of the
boreholes all along the heated zone

+ evolution of diameter closure, mesured in several directions,

show a good axial symmetry of displacements.
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- in the peripheral boreholes

+ in spite of complex geometry of the site, temperature
distribution in the rockmass appears to be isotropic inside a
radius of one meter around the heating boreholes

+ security restrictions of the mine implied possibility of a1r
convection in not backfilled Borehole n® 6 ; this resulted to
uncontrolled heat input and thermal distribution ; therefore the
measurements in this borehole cannot be considered as
representative for the behaviour of rocksalt without backfilling.

2. Modelling

Modelling has been conducted at two levels, using finite elements codes
first thermal to determine temperature distribution in the rockmass, then
thermomechanical, on the basis, of previous results, to evaluate in-situ
stress distribution besides heating -effects, boreholes closure in
particular.

2.1. Thermal calculations

Thermal properties taken in account were defined as follows

- for crushed salt : thermal conductivity was measured, using laboratory
tests ; heat capacity was evaluated with respect to porosity,

- for rocksalt : the characteristics are based on laboratory tests as
well as on published results

- all the characteristics are supposed to be constant ; this allows to
use the 1linear Tlaw of Fourier according to which the resulting
temperature field can be determined by adding initial temperature to
temperature increase.

The calculations were performed in three steps

a. Variation effect of ambient temperature in the galleries

- Temperature in the galleries, measured since their excavation seven
years ago, appears to be a sinusoid with a period of one year ;

- Cross sections of the galleries are represented in a mesh using plane
assumption (fig. 2a)

- Initial temperature for the whole points of the mesh is considered to
be equal to rock temperature at the depth of the site, that is 35° C ;

- Several cases of thermal exchanges at the walls of the galleries are
considered, such as forced convection, imposed temperature

- Temperature applied to transient state calculations is
+ average simusoidal evolution during the first seven years,
+ effective temperature measured in the galleries during the
experiment.
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- The following results have been obtained : a satisfying representation
is given for measured temperatures in the peripheral boreholes sealed
in the rockmass around Boreholes n® 2 to 5 between day 110 and day
260, that is before start of heating in these boreholes (fig. 2Zb).

b. Thermal interaction of the heating boreholes

- The boreholes are considered to be points in a mesh plane chosen
normal to the borehole axis (fig. 3a), therefore they are assumed to
have an infinite 1length : moreover thermal exchanges due to the
galleries cannot be taken in account : that is why only qualitative
results may be considered.

- The average measured temperature at the wall of each borehole is
applied to the representative points according to the time table shown
in figure 1.

- Transient state calculations lead to the following results

+ interaction of a hole on its neighbour one is significant (fig.
3b). but

+ the temperature field can be considered as of revolution inside a
radius of more than one meter around each hole ; this is in
agreement with the experimental measurements

+ in conclusion, it 1is possible to perform an accurate thermal

study of a borehole using axisymmetric assumption.

C. Thermal study of a borehole

- The backfilled borehole is represented in an axisymmetric model, which
dimensions are 50 meters radius and 100 meters hight (fig. 4a)

- The electric wires near the wall are modelised 1like a torus

- Initial temperature is supposed to be equal to zero for all the points
of the mesh

- Increase of temperature is determined through this calculation : as
shown on figure 4b there is a satisfying agreement between modelling
and measurements.

2.2 Thermomechanical calculations

Interpretation of borehole <closure and pressure measurements in the
backfilled holes required to perform creep tests on rocksalt from the
experimental site wunder wvarious stress and temperature levels. The
laboratory tests allowed to identify a constitutive law which parameters
are introduced in finite elements computations ; modelling is undertaken in
the following maner

- Stress field around the boreholes before heating is evaluated through
a plane modelling of the galleries

- Initial stress field at the beginning of heating is obtained by
axysymmetric modelling (fig. 5)

- 131 -



- Thermal field calculated previously is introduced into
thermomechanical calculations wusing assumption of axial symmetry
mechanical behaviour of crushed salt is considered to be non linear
elastic, characterized by pressure - void ratio relationship.

The results are in good agreement with measurements (fig. 6) ; an important
pressure increase 1in the backfilling material 1is found without any
significant effect on borehole closure. This phenomenon is explained by
rheclogical properties of rocksalt, highly sensitive to temperature.

3. Future prospects

Analysis and interpretation of the measurements will be «carried on
especially to examine evolution and effects of cocling. On the test site
the boreholes will be dismantled in order to observe the state of their
wall, of the backfill and the instrumentation, especially the electric
wires.

List of publications

/1/ CEC workshop on "Backfilling and Sealing of radioactive waste
repositories" 2 nd meeting, january 18th - 19th, 1988 in Fontenay aux
Roses (France)

/2/ French Comittee of Rock Mechanics (CFMR), december 8th, 1988 in Paris.
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Study of the thermal behaviour of clay-based buffer materials on reduced
scale mock-ups and in an underground laboratory

Contractor : CEA, CEN Fontenay-aux-Roses
Contract n° : FIIW - 0061 F

Working period : July 1986 - Necember 1989
Period covered : January 1988 - December 1988
Project leader : M. DARDAINE

A. OBJECTIVES AND SCOPE

Clay materials could be used as components of engineered barriers
placed between high-level waste canisters and host rock.

The purpose of this work 1is to compare the behaviour of different
types of materials, both homogeneous and heterogeneous, simultaneously
subjected to heat and humidity gradients. Only the 1initial stage of
storage, the so-called "dried stage", is simulated.

The study, which 1involves instrumentation, first involves the desifg
and construction of an experimental device to reproduce the actual physical
conditions of waste disposal : temperature and water content. Subsequently,
in collaboration with CEN/SCK, an in-situ heat transfert experiment will be
carried out in the Mol wunderground experiment facility. An electrical
heater will be surrounded with buffer and backfill materials. The entire
system will be instrumented with temperature, moisture and pressure
sensors. The test will be supported by heat transfer modelling.

B. WORK PROGRAMME

B.1 Research and development work on water content sensors
thermal conductivity sensor,
capacitance sensor.

B.2 Design and construction of an experimental heat transfert device.
Experiments and modelling.
B.3 Properties of backfill materials, determined in the underground

experiment facility at Mol (Belgium). In-situ experiments on heat
transfer and modelling.
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C. STATE OF PROGRESS AND OBTAINED RESULTS

State of progress

In situ determination of water content for different Engineered
Barrier Candidates comes from the effective measurement of their thermal
conductivity with thermal shock probes. A series of twenty probes, so
called of second generation, has been made by a Manufacturer, specialised
in miniature probe making. Twelve of them have been used as instrumentation
of the BACCHUS in situ experiment.

The first step, laboratory study of a Engineered Barrier Candidate
submitted to a thermal gradient, exclusively made of selected natural
french clay 4a, has lasted for one and an half year. Taking into pieces the
clay crowns, in order to analyse them (water content measurement, cracking
amount) is planned for early 1989.

A first theoretical approach, transposition of an already developed
pattern designed for studying the tranfers of heat-mass couples inside
non-saturated porous environments, allowed to record relevant thermophysic
parameters and to determine some orders of magnitude.

A simple experiment allowed to study the cracking coming from thermo
mechanical stresses induced inside the material through a heat flux, and
its filling up under hydration effect.

At last, a large part of the work was dedicated to realise the
instrumentation and to built a mock-up, which is an element of the BACCHUS
experiment. It has effectively been put in 1its place, 1inside the
underground laboratory of Mol, during November. Heating up the mandrel is
planned 1in early 1989. This experiment is made in cooperation with CEN/SCK
(EC contract FI 1W/0055).

PROGRESS AND RESULTS

B.1 Research and development work on water sensors

Height of the twelve thermal shock probes, radially embedded into the
middle crown of thermal bench, allowed the thermal conductivity measurement
during the whole duration of the experiment, either at ambient temperature
or with thermal gradients.

Twelve shock probes, of second generation, industrially manufactured,
have been embedded inside the BACCHUS experiment. Important delays, due to
the delivery of miniature thermistors, have not allowed to perform, up to
now, a sufficient number of preliminary measurements.

B.2 Design and construction of an experimental heat transfer device.
Experiments and modelling.

Laboratory study of the behaviour of a Engineered Barrier Candidate,
submitted to a thermal flux without external water supplying has been
continued over the whole year with a mandrel temperature of 130°C.

As an indication, figure 1 shows the respective temperature profiles
ploctted for different temperature values of heating mandrel.

Observed variations of thermal conductivity, but mainly radial samples
made at regular time intervals, bring out a slow evolution of radial
distribution of water content inside the clay. This can be due, on one
hand, to water migration from hot part to cold one, but also and mainly, to
evaporation at mandrel level.
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A simple experiment consisted to create an orthocylinder of composite
clay of 10 centimeters, with an electric resistor introduced in its center,
and whose periphery was water-tight. Knowing the dilatation coefficient of
clay versus temperature, this allowed to explain cracking phenomena which
appear, either very quickly (due to thermomechanical stresses) or more
slowly (due to hydromechanical stresses). A simple calculation allowed to
determine their direction and intensity, as well as the 1induced
deformations.

B.3 In situ experiment on heat transfer
and modelling BACCHUS experiment (figure 2)

The BACCHUS experiment (BACkfill Control for Hlw Underground Storage)
consists to study the behaviour evolution of a Engineered Barrier Candidate
placed to the bottom of a 14 meters depth well, drilled in the old gallery
of the underground laboratory of Mol (Belgium), which will be submitted to
a heat flux given by an electric mandrel, and to a possible hydration of
its surrounding field.

It is covered up by 4 crowns of BOOM clay, recompacted over 1.45 m
height, then, in the tubed part of the drilling, by a stopper made of 50 cm
of thermohardening resin and, at last, by a cement stuffing.

Instrumentatin of the experiment is formed of 4 Gloétzl cells (stress
measurement) embedded into two metal flanges bound up with internal tubing,
of 34 Pt 100 ohms probes, and of 12 thermal shkock probes, radially arranged
in different directions on several levels.

All sensors are connected to a measuring frame through 25 meters
cables grouped inside the supporting tube.

The drilling and instrumentation of surrounding field have been done
by CEN/SCK. Effective installation of the whole equipment, wiring and
connection checking to the measuring frame and to the computer, and first
reference measurements, have been performed during the last quarter.

It has to be noted that, once installed to the bottom of the well, the
natural convergence was not sufficient to restore a close contact between
the experiment and the surrounding earth.

Accordingly, it has been decided to fill in, at best, the free space
with powdery BOOM clay.

For a configuration including a well and a proximity engineered
barrier, designed for a clay site, it is admitted the effective deposit of
a vitrified block of High Level Waste (HLW) will only be done ong there is
a close contact between the barrier and the natural environment.

That is the reason why the power increase of the heating mandrel is
only planned in early 1989. With natural convergence and BOOM clay
addition, it is expected such a condition will be met.
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Development of effective concepts for attenvating the near-field
effects of HLW in argillaceous rocks

Contractor : SCK/CEN, Mol, Belgium

Contract No : FI1W/00145-B

Duration of contract : From July 1987 to December 1989
Period covered : January 1988 to December 1988

Project leader : A. Bonne, L. Noynaert

A. OBJECTIVES AND SCOPE

In the earlier designs and concept developments of mined
repositories of HLW in argillaceous formations, the main post-closure
functions of the backfilling of disposal galleries are to provide
mechanical stability of the system and to obstruct preferential pathways
for radionuclide release.

In the recent years realistic and actual data about waste characte-
ristics, waste arisings and potentially favourable argillaceous formation
becoming available, and also in view optimization a need arises to develop
more specific concepts which provide a 1limitation of the near-field
effects and thus improve the performances of the individual structural and
barriers components.

The aim of the study is to develop backfilling concepts specific for
mined repositories in a stratiform argillaceous formation, which also
participate in the attenuation of the effects of heat release, radiation,
oxidation, wetting and corrosion, and provide all at the same time
mechanical stability, chemical compatibility and emplacement feasibility.

B. WORK PROGRAMME

1. Definition and quantification of near-field effects around HLW-packages
in a clay environment for selective representative emplacement
configurations of mined repositories (in-gallery and in-floor concept).

2. Settling of disturbance allowances for the various components in the
near-field, glass matrix, container material, concrete and in situ
surrounding clay).

3. On the basis of the results of 1 and 2, definition of the attenuation
factor to be achieved by engineered barriers with a particular
attention to the thermal effects the radiation dose and the oxidation
effects.

4. Definition of complementary requirements of these interface materials
regarding their chemical compatibility with the waste packages and the
clay environment, their mechanical stability, their permeability, water
saturation level and their emplacement feasibility.

5. Selection of appropriate materials on the basis of heat transfer and
shielding properties, radiation resistance hydraulic properties,
chemical buffering, and radionuclide retention capabilities, mechanical
characteristics, longevity, available methods of application and costs.

6. Design and dimensioning concept which meet the above set of
requirements and etablishment of appropriate emplacement techniques and
procedure for the selected emplacement configurations.
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C. DPROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

A critical study of the two proposed configurations for mined high
level waste repositories in argillaceous formation allowed the definition
and the quantification of the near-field effects to be expected int he
engineered barriers and the immediate surrounding host rock. This allows
to formulate criteria for the selection of potential material to be used
in the engineered barrier components.

PROGRESS AND RESULT

The materials considered in this study are the glass matrix, stainless
steel canister, concrete, precompacted clays or clay based mixtures and
the local Boom clay with modified properties due to mining and waste
disposal.

The main results are for :

a) glass matrix :

- thermal stresses exist into the glass matrix due to the thermal
gradient created by its own heat production and due to
difference between the thermal expansion coefficients of glass
matrix and stainless steel. This may influence the 1lixivation
surface,

~ the'lixivation rate reaches a minimum value at pH = 7 ;

b) stainless steel canister

- the stainless steel container will fail as soon as the
engineered envelope 1is saturated and hydrostatically loaded.
This is due to the formation of a plastic zone (as soon as the
outside pressure on the canister reaches 1.37 MPa) and due to
the sensitivity of the material at stress-corrosion cracking ;

c) concrete

- concrete with a low hydratation heat and hydratation rate poured
in limited thicknesses are suitable to avoid thermal cracking,

- concrete at its early age (< 1 month) is not suitable to
withstand thermal load,

- the best candidates concrete to be used in an argillaceous host
rock are those without tricalcium aluminate (C3A = 0 %) and with
a molar ratio Al 03/Fe O3 lower than 0.64.

SRPC is suitable as weil,

- the radiation disturbances allowances (lE+19 n/cm? and 2E+08 Gy)

are not reached in a repository during the first 10,000 years ;
d) clay host rock

~ due to the high impermeability and the water mineral interaction
of the clay, a clay temperature increase has as consequence a
raise of the pore water pressure which take a long time to
dissipate. Those increase is accompanied by a reduction of the
effective stresses and the capacity of the clay to sustain shear
stress. A modification of the water flux escaping the disposal
formation is studied actually.
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TITLE: Studies of Historic Concrete

Contractor Taylor Woodrow Construction Ltd
Contract No : FIIW/0158.UK

Duration of Contract: January 1988 to June 1989
Period Covered: January 1988 to December 1988
Pro,ject Leader: Mr. T.P. Lees

A. OBJECTIVES AND SCOPE

Durability of concrete materials, either as matrix for low and
intermediate level waste, or as backfilling/sealing materials for
repositories, is a major concern in the preparation of both
design and safety assessments.

The objective of this study is to examine ancient concretes, and
modern ones with proven durability; to identify the parameters
which contribute to their durability. The work is an extension to
that previously undertaken (’An  Historical Examination of
Concrete’ ( EUR 10937 ) reported March 1986) in which a number
of factors which appeared to be significant in relation to
durability were identified. The results will be used to provide
data to enable life predictions on modern concretes to be made.

WORK PROGRAMME
1. Sample retrieval
The following sources of samples will be investigated:

1.1 Ancient Materials
Preference will be given to obtaining samples from concretes
containing natural pozzoloanic materials, where the sample is
partially buried and from zones of the concrete where
carbonation may be incomplete.

1.2 Medieval Materials (up to 1824)
Preference will be given to materials where a hydraulic
binder is likely to have been used.

1.3 Modern Portland Cement Based Concretes (1824 - present)

Preference will be given to securing samples from large
masses of underground concrete located in a moist environment
and with a likely pozzolanic content.

2. Examination & Testing

The procedure set out below will be followed where

appropriate, depending on the size and nature of the sample

and the outcome of previous tests:

Visual examination

Assessment of depth of carbonation

Optical microscopy of thin sections taken at positions

representing fully carbonated material, the carbonation front

and uncarbonated material.

2.4 Scanning electron microscopy of polished sections and
fracture surfaces in the same zones.

2.5 Individual phases identified above analysed by electron probe
microanalysis.

2.6 Chemical and XRD analysis of portions representative of the
different zones of the sample.

[NCR AC I A
W N —
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Pore structure analysis of similar portions.

Analysis of pore fluid expressed from the portions used in
2.7

2.9 Other tests may also be made to resolve issues arising from
the results of the above procedure.

Q0

PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

Additional funding for this project had been promised by the U.K.
Department of the Environment. However, after a protracted period
of negotiation, this offer was withdrawn. As a result very little
progress was made with the study until October 1988. A sixth
month time extension has been granted so the study will now be
completed in June 1989.

A criticism of the work undertaken previously was that not enough
ancient samples were studied, and that these samples were small
and so possibly unrepresentative. Therefore it has been decided
to concentrate on ancient concrete samples for this study.

A total of twenty eight samples have been obtained from sites in
the United Kingdom, Italy and Austria. Apart from initial
documentation, no analytical studies have been completed.

Progress and Results

1.1 Ancient samples obtained are detailed in Table I.

With the exception of the sample retrieved from Hadrian’s

Wall, coring has not been used as the method of retrieval.

This 1is because either a) site directors were not prepared to

risk unnecessary damage to ancient structures from core

removal (It must be remembered that the samples have been

obtained from ancient monuments) or b) coring was not

practical in the excavations concerned.

As coring was not used the samples are not as large as

intitially desired. The large majority of samples have been

retrieved from the interior of structures as well as from the

visible surface material.

Medieval samples obtained are detailed in Table II,

the Modern Portland cement based samples obtained aredetailed

in Table III.

2.1 Visual assessment and photography of the samples has begun
but is not yet completed.

2.2- No further analyses have been completed.

2.9

w N
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TABLE 1

: ANCIENT CONCRETE SAMPLES

Type Approximate Origin
construction
date
Core taken through 120 A.D. Hadrian’s Wall, Northumberland

rubble and mortar
infill

Interstitial mortar
from wall of
amphitheatre

? 100-300 A.D.

Roman Carnuntum; near
Petronell, Eastern Austria

Waterproof cement
bath lining

2 x wall foundations

4 x interior rubble
and mortar filled
wall cavity of

1 x interior rubble
and mortar filled
wall cavity

Interstitial wall
mortar

200 A.D.

200 A.D.

150 A.D.

200-300 A.D.

150 A.D.

Roman Vicus - a small town
consisting mainly of bath

houses; on Castelporziano

estate 24km south-west of

Rome, Italy.

2 x wall mortar

2 x floor mortar

Roof mortar

100-300 A.D.
100-300 A.D.

100-300 A.D.

Roman baths at the junction of
Huggin Hill and Upper Thames
Street, City of London.
(Recent excavation)

2 x wall mortar
Foundation mortar

3 x mortar from wall

100 A.D.

150-200 A.D.
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Matrice Roman villa, 160Km
east of Rome, near Campobasso,
Italy

Tor Paterno, a large Roman
villa, probably imperial, on
Castelporziano estate 24Km
south-west of Rome, Italy



TABLE 11 : MEDIEVAL CONCRETE SAMPLES

Type Approximate Origin
construction
date
Foundations of apse 900~1100 A.D. |Rebuilding of Roman town of
Vicus; for details see Table I
Mortar from wall core
3 x wall mortar 800-1900 A.D. |Rebuilding of Tor Paterno

villa; for details see Table I

TABLE III MODERN CONCRETE SAMPLES (1824 ONWARDS)

Type

Approximate
construction
date

Origin

Cores taken through
foundations

marked on
1872
Ordnance
Survey Map

Large warehouse in Thomas More
Street, London E1 which has
since been demolished
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TITLE: The Development and Application of Mathematical
Modelling approaches to interactive effects for
concrete backfill in hard rock and argillaceous hosts

Contractor: Taylor Woodrow Construction Limited
Contract No: F1 1W/0159. UK

Duration of contract: April 1988 to June 1989

Period Covered: Period to December 1988

Project Leader: Dr G Storer

A. OBJECTIVES AND SCOPE

The main objective of this study is to develop a mathematical model
utilising the ADINA CODE which can predict interactions between
concrete backfill and host geologies for underground radwaste
repositories.

B. WORK PROGRAMME
The work programme shall comprise:-

1. Literature review of recent international work to ensure that
the mathematical models developed using ADINA represent a
reasonable state of the art in terms of both analytical
approach and representation of the physical phenomena.

2. Investigations of the newly available features provided in
the latest release of the ADINA code and consideration of
their appropriateness to modelling repository interaction
behaviour.

3. Agreement, in consultation with Community partners, upon
appropriate generic disposal scenarios in both hard rock and
argillaceous hosts.

4. Study of mechanical and thermal interactions between the host
material, the backfill and canistered waste, including
long-term creep effects.

5. Assessment of the development of damage in and adjacent to
the backfilling material, and how the damage may increase
with time both short-term from early thermal effects arising
from cement and waste and very long-term from lithostatic
creep effects.

C. PROGRESS OF WORK AND OBTAINED RESULTS
Contractual agreement with the UK Department of Environment, who
have agreed in principle to fund the balance of monies to complete
the project, is now being actively progressed by their supervising
agent, the Building Research Establishment (BRE). This follows a
period of prolonged delay. It is hoped that a lst March 1989
commencement date will be agreed with UK DoE. No technical
progress within the project can be reported for 1988 therefore
although some of the investigations into the ADINA code have been
carried out independently.
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QUALITY ASSURANCE ASPECTS OF WASTE EMPLACEMENT AND BACKFILLING IN ILW AND
LLW REPOSITORIES

CONTRACTOR Bullen and Partners
Consulting Engineers
188 London Road
Croydon CR9 1PT

England
CONTRACT FI 1W - 0161 - UK
DURATION OF CONTRACT From February 1988 to July 1989
PERIOD COVERED February 1988 to January 1989
PROJECT LEADER Dr JA Allison

A OBJECTIVES AND SCOPE
The objectives of the study are :

o To critically examine existing conceptual design proposals for the
deep underground disposal of ILW and LLW in water-bearing
(non-saliferous) host rocks, with particular reference to the
quality control/quality assurance aspects of waste emplacement and
backfilling.

o To examine the extent to which existing proposals enable effective
monitoring and remedial action to be achieved.

o To identify the parameters which are most effective in describing
backfill material properties and waste unit characteristiecs, both
before and after placement.

o To identify appropriate measurement techniques and the means of
application of such measurements in the development of a coherent

quality control system.

o To examine the ways in which repository design details, methods of
waste unit/backfill placement and the sequence of operations
involved may be adapted to ensure that an effective quality
assurance system can be established.

B  WORK PROGRAMME

1 Phase 1 will comprise a brief review of the following aspects of the
ILW and LLW disposal concepts developed in member states of the
European Community :

o The types of waste units envisaged for deep underground disposal and

the quality control/quality assurance systems currently adopted or
envisaged for the pre-disposal stages.
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o The waste emplacement systems currently proposed and the extent to
which quality control/quality assurance procedures have been
specified.

o The range of backfill materials under consideration, and the
properties which relate most effectively to their intended
functions.,

Phase 2 will concentrate upon the generic deep-level repository design
concepts for ILW and LLW disposal (including plutonium-contaminated
wastes) which are incorporated within the current UK waste disposal
strategy.

Consideration will be given to a range of backfill materials,
reflecting the scope of current community research and development.

For these reference conditions, more detailed evaluation of quality
control/quality assurance measures will be carried out, itemising the
procedures and measurements required at each stage of development.

Where appropriate, the need for repository design modifications is to
be considered as a means of improving the exercise of quality control
in the waste emplacement/ backfilling processes.

The following are among the factors to be considered :

o The extent to which backfill materials can be prepared in solid
'f111 block' form or as pre-batched 'fluid form' fills at off-site
production centres, or at an adjacent surface facility.

o The scope for palletising waste units in appropriate spatial arrays,
with partial interstitial filling, prior to emplacement and final
sealing.

o The scope for exercising control over the geometry of waste unit
arrays such that required full volumes are accurately known and
directly comparable with volumes actually emplaced.

o Means of separate monitoring for groups or 'cells' of emplaced waste
units/backfill, such that the origin of defects may be identified,
and recovery or appropriate remedial action achieved.

o The extent to which the emplacement processes for different
categories of waste (incorporated in a single repository) may
require different approaches in exercising a consistent level of
control,
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The study will include recommendations concerning the development of
quality control/quality assurance procedures for waste emplacement,
backfilling and monitoring to complement and extend those which are
being (or have been) developed in relation to the pre-disposal stages.
Supplementary recommendations concerning the correlation of readily
measured quality control parameters and specified performance
properties will be provided.

PROGRESS OF WORK AND OBTAINED RESULTS
State of Advancement

A literature study covering the aspects outlined in Phase 1 has been
completed. Limited information has been published and in consequence
the study is being extended to cover non-member European states and
North American countries,

o Several different types and sizes of waste unit have been identified
and the quality control/quality assurance aspects of their
production ascertained according to country of origin.

o Apart from the Swedish proposals concerning waste emplacement
systems, detailed information of which i1s still being sought, the
proposals of other countries are only known 1in outline. Waste
emplacement systems are clearly under development, but details have
yet to be published. Enquiries are in hand.

o Backfill materials, which are taken to include overpacks, buffering
and repository linings in addition to the mass infill materials, are
quite widely reported. Mass infill materials are found to be site
specific and to vary according to host rock type, groundwater regime
and depth of burial. Some further work is still to be completed
prior to commencing Phase 2 of the study.

PROGRESS AND RESULTS
Waste Emplacement Systems

The waste emplacement systems proposed internationally are linked to
site specific or host rock specific conceptual repository designs. As a
result, the proposals of each country are being examined individually.

Quality control and quality assurance considerations relevant to waste
emplacement and backfilling may need to include :

ground stabilising measures

preparation of engineered backfill materials

preparation of disposal chambers prior to waste emplacement
preparation of waste units prior to disposal

placement of waste units

sealing of disposal chambers

sealing of access-ways and shafts

monitoring performance of completed construction
contingency plans for retrieval of waste units.

© 000000 O0OO0
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Reports defining specific quality control/quality assurance measures
associated with the above aspects are generally 1lacking in the
literature, with the exception of the outline proposals published by
Sweden. Further enquiries are in hand.

Backfilling Materials

Repository backfill materials identified by various countries vary
widely in composition, and include :

o reconstituted spoil

o cementitious-based material

0 clay-based material

o compressed bentonite (pelletised or in block-form)
o bitumen

o zeolites

o

magnesium oxide

The prime purposes of the backfill are to :

o 1inhibit the development of preferential groundwater flow paths

o buffer the pH/Eh regime of the repository near-field environment

o provide physico-chemical retention of radionuclides

o control mechanlical interaction between the geological host and the
enclosed waste

o control the dissolution of any gases generated within the vaults

o provide physico-chemical stability to the projected geochemical
environment of the repository.

o provide a heat conduction medium in the vicinity of certain
categories of waste.

The choice of backfilling material depends on a variety of factors,
including :

o geological host formation

o hydrogeological features including groundwater perturbations during
the construction and closure of the repository

o layout of the access-ways, shafts and vaults of the repository

emplacement arrangements of the waste within the repository

o radionuclide inventory and its time-related impact on the
geochemical environment

o0 heat generatlion characteristics of the wastes

o swelling and consolidation characteristiecs.

o

Hence, backfill materials must be designed to cover a variety of
purposes leading to the development of 'mix designs' pertinent to their
function within a repository. 'Mix designs' are site specific and many
countries (eg France, Belgium, Sweden, Switzerland, US and Canada) are
now employing the use of underground research laboratories within
potential host rock formations. One of their purposes is to obtain
information on the desired characteristics of the backfill material and
to evaluate placement techniques: for example, 1injection with or
without pressure, air entrainment, gravity filling, rolling, vibration,
ete.
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The civil and mining engineering industries have wide experience in
placing materials to achieve specific performance characteristics.
However, further development work is required in order to formulate
quality control systems capable of meeting the more stringent
requirements of repository backfilling and sealing.

A quality assurance programme in a repository backfilling operation
must include :

o controls on the production of the backfill components, eg chemical
composition, particle shape and size

o environmental controls on the storage of the individual components
prior to mixing

o controls on mixing operations prior to emplacement

o controls to be exercised during the emplacement operation

o monitoring after completion of the emplacement operation.

Effective quality control procedures are likely to be based on index
measurements which correlate with relevant engineering performance
characteristics, e.g. particle size distribution, density, moisture
content, porosity, void ratio, viscosity, ete. It is thought that
simple mass-balance relationships will also provide a particularly
useful means-.of regulation.
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RESEARCH ON SWELLING CLAYS AND BITUMEN AS SEALING MATERTALS FOR UNDERGROUND
REPOSITORIES FOR RADIOACTIVE WASTE

CONTRACTOR Bullen and Partners
Consulting Engineers
188 London Road
Croydon CR9 1PT
England

CONTRACT FI 1W - 0162 - UK
DURATION OF CONTRACT From February 1988 to July 1989
PERIOD COVERED February 1988 to January 1989

PROJECT LEADER Dr JA Allison

A OBJECTIVES AND SCOPE

Work previously carried out within the CEC's research and development
programme indicates that swelling clay together with bitumen could be
used to form a highly effective waste containment barrier for use in
deep underground radiocactive waste repositories.

This project seeks to identify relevant material properties and sealing
mechanisms, Its objectives are :

o To assess the potential behaviour of combinations of swelling clays
and bitumen, and the potential effectiveness of synergistic
combinations of these materials for sealing underground repositories
against groundwater ingress, radionuclide release and gas release.

o To assess the potential 1level of confidence in the long-term
behaviour of such seals in the perspective of the quality assurance
procedures that could be associated with the emplacement of backfill
and seal materials.

B WORK PROGRAMME

The work programme consists of the following activities :

1 A review of available information on properties and behaviour of
swelling clays (including bentonite and magnesium oxide) and
information on bitumens as used in engineering structures.

2 Control tests on samples of swelling clays and bitumen to establish

the range of compatibility between clay swelling properties and the
rheological properties of bitumen.
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3 Construction and operation of a test rig to monitor water uptakes
and swelling pressures in combinations of swelling clay and bitumen.

} Examination of combinations of the materials to establish whether
seals are formed and the nature of the seals.

5 Calculation of the water, radionuclide and gas permeabilities of the
seals: with particular reference to the radionuclides iodine,
technetium and neptunium and to the gases hydrogen, methane and
carbon dioxide.

6 Assessment of test results in the context of material properties and
free swelling space that could be achieved in practice with current
quality control systems in potential repositories.

PROGRESS OF WORK AND OBTAINED RESULTS
State of Advancement

A literature survey has been conducted into the physical and chemical
properties of the candidate materials, with particular emphasis on the
swelling pressures generated by confined compacted bentonite blocks,
and the rheological behaviour of bitumen under sustained compression.
Little information is available concerning the swelling properties of
magnesium oxide and further enquiries are being made.

Samples of all candidate materials sufficient to satisfy the test
programme have been obtained. Lack of detailed information about
bentonite testing apparatus and discrepancies in reported test methods
and results, has led to the manufacture and development of apparatus
especially for this study. Control testing of compacted bentonite is
approximately 50% complete.

Conventional tensile test methods for bitumen as used in the road
pavement industry were found unsuitable. In consequence, casting and
trimming techniques have been developed to produce true cylinders for
compressive tests. Prismatic holes and slots have been successfully
formed in bitumen specimens. Control testing of bitumen is
approximately 20% complete.

A pilot test conducted on combined cylinders of bentonite and bitumen

containing a preformed imperfection has been completed with promising
results.
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PROGRESS AND RESULTS
Literature Review

Bentonite - Differences occur in reported values of swelling pressure
for similar bentonites and these are attributed to differences in the
apparatus and method of pressure measurement. However, insufficient
information is provided for the apparatus and test procedures to be
replicated. The literature has also been researched to establish the
influence of the following specimen variables on equilibrium swelling
pressures :

sample thickness

dry density

elastic and creep rebound movements after compaction
direction of irrigation (top/bottom/both)

irrigation water pressure

free expansion movement permitted in the swelling chamber.

0O 00O0O0OO

Due to scarcity of detailed published information, it has been found
necessary to expand the control testing of bentonite to examine the
influence of the above variables.

Bitumen - The use of bitumen as a building material, especially for
road construction, 1is well documented and a series of tests are in
commercial use to characterise its behaviour for these purposes.
Unfortunately, these rely on penetration and tensile properties and are
unsuitable for determining rheological behaviour and self annealing
mechanisms in compression.

Magnesium Oxide - Indirect reference has been found to work conducted
in Canada for KBS in 1979-80 using magnesium oxide in combination with
silica sand as a potential repository lining. Further enquiries
concerning the swelling behaviour of magnesium oxide are being pursued.

Control Testing of Candidate Materials

Bentonite - Samples of powdered natural sodium bentonite (MX-80),
activated sodium bentonite (Fulgel) and natural calcium bentonite
(Surrey Powder) have been obtained. Relationships between weight of
material, compacted density and specimen thickness have been
determined, to facilitate the production of 50mm diameter specimens of
predetermined thickness and differing densities.

Fully confined swelling tests on highly compacted MX-80 sodium
bentonite indicate maximum axial pressures of up to 30 MPa for samples
of 15mm thickness. Fulgel (activated sodium bentonite) is found to
generate similar pressures, whereas those generated by Surrey Powder
are about 20% of those developed by the other two types.

The influence of time delay between compaction and commencement of
irrigation has been examined. Instantaneous elastic rebound is found to
be about 10% and creep rebound about 1% of sample height respectively.
Creep rebound 1s negligible after 24 hours. Restraint of creep
movement, after permitting elastic rebound, generates negligible
loading.
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The irrigation route (via top, base or both) was found to have
negligible effect on the final swelling pressure. However, time to
equilibration is significantly reduced where both ends of the specimen
are irrigated. Increased porewater backpressure was also found to speed
up equilibration without affecting the final swelling pressure. The
influence of specimen height 1s currently being investigated, and tests
to study the influence of the other variables are in progress.

Bitumen - Lack of published material on the rheological properties of
bitumen in compression and its ability to anneal has necessitated the
development of handling, casting and trimming techniques in order to
obtain true cylindrical specimens of 38 and 50 mm diameters. Samples
of bitumen grades R85/40, R105/35, R75/30, R85/25, R115/15, HB80/90 and
H100/120 (to British Standard 3690 Pt 2) have been obtained.
Difficulties have been encountered 1in casting these into small
cylinders free from entrapped air.

Temperature control is particularly critical and has to be sufficiently
high to permit pouring without risk of overheating to cause chemical
alteration due to 1loss of volatiles. As the small size of the
specimens promotes rapid solidification, a progressive casting
technique has been developed to overcome this difficulty. Removing
specimens from moulds and casting in prismatic bars to form inclusions
has required experimentation with different types of release agent.

Creep tests using modified oedometers and unconfined compression tests
on cylindrical specimens are in progress. These are being used to
determine maximum loadings and load/deformation behaviour, to identify
ductile or brittle failure modes, and to assist in the matching of
bitumen and bentonite grades. Pilot annealing tests have Jjust
commenced on laterally confined specimens containing either triangular
or long rectangular slots. The former represents edge damage to a
bitumen block, whereas the latter simulates an imperfect vertical joint
between adjacent blocks as built into a repository wall. Techniques
have yet to be developed to identify closure of the imperfection.

Magnesium Oxide - The test programme on magnesium oxide has been held
in abeyance until further enquiries are completed.

Construction and Operation of a Test Rig

Two test rigs have been constructed and are in use to determine the
swelling pressures developed by compacted bentonite on irrigation.
Water uptake was found to be instantaneous and occurs whilst de-airing
is in progress. Release of air trapped in valves and fittings has also
been problematic during testing, and modifications are in hand to
overcome this problem. Manufacture/construction of two further rigs is
in progress to bring the total number of rigs to U. Photographs of a
completed test rig are appended.
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EMPLACEMENT FEASABTILITY OF OPTIMIZED ATR PLACED MORTARS

Contractor : CEA, Fontenay-aux-Roses, FRANCE
Contract_n° : FI 1W/0166

Duration of contract : October 1987 - December 1989
Period covered : December 1987 - December 1988
Project leaders : A. BERNARD, R. ATABEK

A. OBJECTIVES AND SCOPE

Air placed techniques - Gunite and Shotcrete - are commonly used in
civil engineering for wall reinforcement with cement based materials.
Gunite 1is a trade name to designate a mixture of PORTLAND cement and sand
thoroughly mixed dry, passed through a cement gun and conveyed by air
through a flexible tube, hydrated at a nozzle at the end of such flexible
tube and deposited by air pressure. In the case of shotcrete, a
proportioned combination of PORTLAND cement, aggregates and water is mixed
by mechanical methods and pumped in a plastic state to the nozzle where air
is added to expel the material.

These techniques are 1likely to be wused for engineered barrier
emplacement due to the facts that

- spraying machines are commercially available and easily automatized

for nuclear applications,

- their delivery (2 10 m3/h)v is compatible with the french needs of

gallery filling up.

The research program, developed within the framework of this contract,
is devoted to test air placed mortar ability to fill up the voids between
the waste packages and the host rock. Materials and techniques will be
optimized taking into account air placed mortar properties such as density,
permeability, water transfer, radionuclide retention, etc...

B. WORK PROGRAMME

2.1 Literature survey : choice between the two processes (dry or wet) ;
recommendations for the selection of the most appropriate equipment ;
definition of the test specifications.

2.2 Feasability tests : choice between different types of materials,
taking into account cement types, additives (clays, silica fume),
plasticizers, aggregate granulometry distribution.

2.3 Full scale study of the selected material : spraying cycle definition,
rebound influence on air placed material homogeneity.
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C. PRQGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The literature survey allows the selection of the dry process
technique and of two air placed machine manufacturers : ALIVA S.A and
MEYCO. Feasability tests are wundertaken, starting with cement-based
materials. Other experiments are planned using swelling clay-sand mixtures
and materials containing salt as aggregates.

Progress and results

2.1 Literature survey

The air placed techniques differ from one another in the stage at

which water is introduced ; the mixture could be conveyed in dry or wet
state (Table I). Taking into account the emplacement constraints
(distance : 300 m, flow : 10 m3 /h) and the different types of materials

(hydraulic binders as well as swelling clays), the dry process is selected
as the most appropriate technique, considering the characteristics given in
Table II. The main disavantage of this process is the production of dust,
which may be prevented by material moistening before mixing. The inventory
of the air placed machine manufacturers, performed by SOLETANCHE, heads to
the choice of ALIVA S.A and MEYCO equipments mainly based on a) a rotor
machine (Figure 1), b) a compressor, «c¢) metallic pipes and d) a nozzle
(Figure 2).

2.2 Feasability tests

Feasability tests have been performed in the case of cement-based
materials. Six different types of mortar are studied, made respectively of
Portland cement (OPC), blended cement (CLC) and blast furnace slag cement
(CLK), with and without silica fume. For each test, roughly 500 1 of dry
materials are needed, with the standard following composition

Sand (0/4 mm) = 1000 kg
Cement = 300 kg
Silica fume £ 0 or 15 kg

MEYCO equipment with a rotor machine of 12 cells, a 50 mm in diameter
and 20 m in length pipe and a compressor of 25 m3/mn were used for these
first feasability tests. The different mixtures were deposit into 150 1
boxes (A.F.T.E.S type) specially designed to allow the core-sampling of
four cylinders, 11 em in diameter and 22 cm high. The nozzle flow was
estimated between 1 to 2 m3/hour.

The main properties of the air-placed materials (mechanical strength,

permeability porosity, water diffusion coefficient) will be compared,
leading to the choice of the best mixture for full scale experiment.
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TABLE I : DIFFERENT TYPES OF AIR PLACED TECHNIQUES

Dry
conerete

Mixing

Vet
concrete

Compressed
Air

Transpory

Concrete
pump

Water
Nozzle
Compressed

Air

Air placed techniqueg

D Wet
Ty process
process Diluted
flow

Wet
process
Dense

flow

TABLE II : CHARACTERISTICS OF THE AIR PLACED TECHNIQUES

Dry Wet process Wet process
Process Diluted flow Dense flow
Transport
distance i o *
Delivery ok ) N
Compaction Pk Mok oK
Dust (o} (*) M **
Maintenancq
Cleaning ok o o
0] Pass
* Average
halad Fairly good
e Good
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UNDERGROUND 1ABORATORY VALIDATION OF VITRIFTIED WASTE DISPOSAL IN A GRANITIC
MEDIUM

Contractor : CEA, Fontenay-aux-Roses, FRANCE
Contract n° : FI 1W/0207

Duration of contract : August 1988 - March 1990
Period covered : August 1988 - December 1988
Project leader : M. JORDA

A. OBJECTIVES AND SCOPE

The objective of this research 1s the underground validation of the
plugging back of a vitrified waste disposal pit in a granitic medium. The
scenario selected, which 1s similar to that adopted in other studies
carried out by the European Community, involves the stacking of twenty
vitrified packages in a pit 30 m deep and 1 m in diameter.

The engineered barrier between the waste and the granite is composed
of clay material, in the form of high density, compacted elements. Gaps are
required to enable the lowering of the packages and of the barrier into the
pit, but these gaps have the effect of reducing the density of the material
introduced into the pit.

The wuncertainty existing with regard to the definition of the minimum
size of the residual gaps required for satisfactorv installation can only
be removed by performing an in-situ test. A demonstration pit will
therefore be made in the mining region of Fanay-Silord, wusing
state-of-the-art drilling technology, and then the pit will be plugged with
the engineered barrier and the simulated glass containers.

B. WORK PROGEAMME

2.1 - Sinking of two demonstration pits, 1 m in diameter and 30 m deep,
using the raise boring technique (one of the pits will be used as a
reserve)

2.2 - Detailed characterization of one of the two pi:zs bored, with
verticality check and checks for surface condition, circularity
faults and diameter variations

2.3 - Plugging back of the characterized pit using baskets filled with

blocks of compacted clay, followed by testing of the installation of
the glass containers.
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C. PROGRESS OF WORK AND RESULTS OBTAINED

State of advancement

The barrier installation studies which form the basis of this research
require the boring of a demonstration pit of 30 m depth minimum. Work
authorisations have been granted by the local authorities of the mining
region of Fanay and boring work proper will start in April 1989.

Improvements in manufacturing techniques for the uniaxial compacting
of bricks of the type which make up the barrier should enable an increase
in the pit filling rate.

Progress and results

2.1 Boring of the demonstration pit

The tests will be carried out at the mining center of Fanay, near
Razes in the Haute Vienne Department (Silord Site). Figure 1 shows a
detailed view of the underground site selected. The site is separate from
the mine, with accesses via galleries a) to the upper level and b) to the
lower level 40 m below the upper level.

The wupper level where the CEA work will take place, is enlarged and
arranged so as to enable

- the boring of two holes of a diameter of 1 m. The holes will be
spaced 4 m apart, center line to center line.

- about ten visitors to be received in order to monitor the
installation tests under acceptable conditions.

- storage of about 20 dummy containers without hindering the free
passage of personnel, the containers being 0.43 m in diameter .nd 1 m high
approx.

- insta.lation, over the holes, of a 3 tonne winch for the baskets and
the containets.

- perfoimance of the installation tests.

Primary aeration of the work gallery is provided by a 1 m dia. shaft
leading to the surface. The distance between the surface (entrance to the
shaft) and the test gallerv (upper level) is 250 m. Figure 1 also shows
the location of the niche which will be used by ENRESA for its own studies.

The 1last quarter of the year 1988 was given over the compiling of the
administrative dossier, required to obtain the different authorisations for
the boring work.

2.3 - Back plugging of the pit - fabrication of the compacted clay blocks

The compacted blocks are made from powdered material (of optinised
particle size) and form the barriers which are installed using baskets. The
technique wused 1s compacting by wuniaxial pressing. An assembly of six
bricks (figure 2) forms a <crown piece which does not require any further
finishing work. Design of the mould used and of the compacting techniques
have been improved, with

1) Modification of the rate of descent of the wupper piston and

de-aeration of the powder
2) Height check of the pressed parts
3) Improvement of the mould release techniques.
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FIGURE 2 : Assembly of compacted bricks
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FIELD TEST FOR DEMONSTRATION OF EMPLACEMENT FEASIBILITY
OF CLAY BUFFER MATERIALS AS ENGINEERED BARRIERS IN GRANITE

Contractcr: ENRESA, Paseo de la Castellana 135, Madrid (E)
Contract o, p1y1y/0231
Duration of centract:

Period ccvered:
Project leader: C. del Olmo

Progress repcrt not yet available.
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4.3. RADIONUCLIDE MIGRATION IN THE GEOSPHERE (MIRACF)






4.3.A. Actinide and fission product geochemistry in natural
acquifer systems

- 169 -



Characterisation of the Boom clay and its multi-layered
hydrogeological environment with a view to radionuclide migration

Contractor : SCK/CEN, Mol (B)

Contract n® : FI1W/0055/B

Duration of contract : October 1986 to December 1989
Period covered : January 1988 - December 19E&8
Project leader : A.A. Bonne

A. OBJECTIVES AND SCOPE

The effectiveness of the geological barrier is a key function for
the long-term safety of the disposal of nuclear wastes. The assessment of
its barrier performances can only be done by modelling, provided that
reliable in situ data is available.

The underground experimental HADES-laboratory in the Boom clay at Mol
allows to sample the clay according to various procedures and to perform
experiments aiming at characterizing the clay in situ and at determining
in situ migration parameters. The hydrogeological observations and
sampling network around the site enable to verify if the local site data
is in agreement with the regional groundwater flow regime and hydro-
chemistry. Research previously carried out has shown that organic matter
and compounds in clay are of prime importance for trapping various radio-
nuclides in the argillaceous barrier. The characterisation of the organic
substances in the Boom clay, their specific retention capabilities and
stability with regard to irradiation are therefore of particular interest
in the near-field. A collaboration in this matter with the University of
Louvain (KUL, Prof. Cremers) is on~going.

The research 1is backed by migration tests simulating in situ
conditions (diffusion experiments on reconsolidated clay plugs) and by
hydrogeological studies, both not being part of the contract, but the
results of these will be made available for sake of confirmation or
completion.

B. WORK PROGRAMME

1. Study of the organic substances in the Boom clay, with emphasis on
their affinity for Eu and Tc.
2. In-situ short-term migration experiments in the Hades-URL

3. Application of isotopic techniques and hydrochemistry for the
characterisation of a multi-layered aquifer system
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The characterisation of the organic substances in the Boom clay and
their retention specificities continuing on the 1line of the research on
that matter already started in the previous multi-annual programme. For
the in-situ migration experiments, emphasis was on a precise understanding
of the very local hydraulic conditions of the test. For the various
possible experimental set-ups the mathematical formulations have been
worked out. Several in-situ migration experiments are running and a few
have been completed. Carbon-14 groundwater dating is continued on the
line of the previous work.

Progress and results

1. Study of the organic substances in the Boom clay, with emphasis on
their affinity for Eu and Tc.

Since no method could adequately be devised to measure the diffusion
parameters of small humic molecules in the Boom clay pore 1liquid,
measurements, kK were carried out on sub%pitute molecules like sucrose and
lactose (M.W  343), phenylalanine (M.W 169) and triiodothyronine varying
the consolidation pressure applied to the clay. The general conclusion is
that a flux of actinides carried by the small humic acetors could be
characterized by a product RDa egqual to 5.10 ~ cm?sec - in Boom clay
under in situ conditions.

In parallel, migration tests including forced convection, were
conducted from the underground laboratory, obtaining results for Eu and
Sr. For the last element the influence of convection cannot be detected
in spite of a Darcy velocity exceeding the natural conditions by a factor
12000. For Eu, two successful tests have <clearly indicated an
irreversibility in the exchange of Eu between mobile and immobile humic
complexing molecules.

The possibility of exchanging Eu between small and large humic
molecules has been the object of a separate laboratory investigation, and
has led to the conclusion that weeks may be needed to reach an equilibrium

distribution of Eu in an homogeneous solution. The kinetics of exchange
may be less favourable still in a compacted clay. In conclusion,
"accelerated" migration tests reveal features of the retardation

mechanisms but do not directly provide migration parameters suitable for
safety assessments.

The Tc reduction by Boom clay porewater and the subsequent
distribution of Tc on the humic material has been investigated by Gel
Filtration Chromatography. In absence of a solid phase the reduction step
of Tc is extremely irreproducible. However tow facts have emerged

- the organic complexation is not quantitative ; inorganic Tc (not

TcO _) remains in the solution ;

- the fraction of Tc present 1in the porewater shows a definite
preference for the smallest humic molecules.

In the 1long run though, the humic complexation may well not
constitute the ultimate sink for Tc. A brief examination of the system
FeS_. - HA - Tc indicates that ultimately all the Tc could well end up on
the” surface of the micropyrite in the clay. TcO_, 1is excluded as too
soluble. The formation of TcS on th pyrite™ surface 1is however
thermodynamically favourable.
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2. In-situ short-term migration experiments in the HADES-URL

Two types of in-situ migration experiments are actually performed in
the underground laboratory : percolation experiments with labelled clay
cores emplaced in self-sealing boreholes and direct injection of tracers
in the clay formation.

The main purpose of the percolation experiments is to verify the
laboratory data for a few isotopes in conditions closely approaching a
repository far-field environment. The availability of real porewater
constitutes a definity advantage for this type of "in-situ" experiments.

Results obtained with Sr-85 are in close agreement with those from
purely  diffusjve laboratory _gxperigfnts in consolidation cells (D =

6,9x10 cm?s versus 4,6x10 cm2s ~) /1/. A very small fraction of
europium is mobile upder gﬂg conditions of the test and is almost not
retarded (D = 1,5x10 cm2s ~) /2/ while the bulk of the tracer behaves as

a concentration source. Laboratory studies have been initiated in order
to check the existance of a mobile europium species. Problems associated
with experiments in self-sealing boreholes are related to :
- time lag between emplacement and porewater flow ;
- complexity of the experiments : drilling of a Dborehole for
emplacement of the experiment and overcoring for its retrieval.

In view of overcoming the above-mentioned problems, a korehole has
been equipped with a stainless steel receptacle for retrievable (re-
changeable) labelled clay cores. Testing of this much simplified concept
is actually underway.

Due to the strong retardation and the low hydraulic conductivity of
the Boom clay, migration experiments with adsorbed tracers are necessarily
limited to very short distances in the clay. For the validation of the
transport model in the Boom clay at greater distance, large scale
3-dimensional in-situ experiments with non-retarded tracers have been
started. On 20.01.1988, one gigabecquerel of HTO has been injected in
filter No. 5 of piezonest CPl. The purpose of this experiment is to
monitor the migrating tritium by periodic sampling at the neighbouring
filters situated at one meter intervals from the point of injection.
After a period of several years the tracer is expected to be detected in
the two adjacent filters on both sides of filter 5. At this time the
tritiem will have diffused in a sphere with radius of 2 m (volume =
33,5 m3), which means an wupscaling of 10 compared to laboratory
experiments run on clay cylinders with a diameter of 3,8 cm and 3 cm in
height (volume = 34 cm3).

3. Application of isotopic techniques for the characterisation of Boom
clay porewater

The dating of clay porewater by carbon-14 measurements 1s progressing
very slowly but this is inherent to this type of work. Preliminary
results obtained on porewater samples abstracted rom piezometer SSW
situated in the silty layer at =257 m gave positive C values as measured
by LSC (Liquid Seintillation Counting). In view of establishing a C
profile as a function of depth, a series of improved piezometers were
installed at different horizons in the clay. After developing a procedure
for the preparation of small amounts of CO from porewater, several
samples were sent to ETH-Ziric or C measurement by TAMS.

The preliminary positive C results for SSW could NOT be confi ged
and also the samples from the higher horizons in the clay yielded C-
contents below the detection limit. The initial high values obtained from
SSW are probably due to contamination induced during drilling and piezo-
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meter construction. During drilling of a borehole the clay is inevitably

exposed to modern carbon ! All recent available data disprove the
existance of a measurable carbon-14 content ip_the clay porewater.
Sampling is actually in progress for Cl measurement by TAMS at

ETH-ZGrich. A procedure has to be developed for the preparation of pure
AgCl samples. The sulphur content in these samples should not exceed a
few ppm for reason of interference with the isobar S. This problem of
potential sulphure contamination is very important for Boom clay porewater
as its chlorine content (+ 25 ppm) is lower than the DOC (+ 100 ppm)
containing several percent of sulphur. An analytical method for
controlling the content in AgCl has to be found before the samples can
be analysed for Cl by TAMS.

PUBLICATIONS

P. HENRION, M. MONSECOUR, A. FONTEYNE, M. PUT and P. DE REGGE
Radiocactive Waste Management and the Nuclear Fuel Cycle
Volume 6 No. 3-4, pp. 313-359, (1985)

M. MONSECOUR, A. FONTEYNE, M. PUT, H. YOSHIDA

In-situ experiments in the Boom clay at Mol

12th Int. Symp. on the Scientific Rasis for Nuclear Waste Management,
Berlin, Oct. 10-13, (1988)
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The Role of Organics in the Migration of Radionuclides in the

Geosphere
Contractor: Risg National Laboratory, DK
Contract N°: FITW /0066
Working Period:  july 1986 - december 1989
Project Leader: Lars Carlsen

A. Objectives and Scope:

A review on the possible role of organics species in the ground water
on the migration behaviour of radionuclides in the geosphere is required.
Considerable amounts of data are available. They are, however, rather
scattered throughout the literature.

An experimental study as well as theoretical considerations on the
influence of organic complexing agents on the sorption, and hence
migration behaviour of radionuclides are of fundamental interest in
attempts to evaluate the possible transport of released radioactive waste with
ground water.

Charagcterization of naturally occurring organics, e.g. humic and fulvic
acids is of general interest, due to the omnipresence of these polymeric
species in the terrestrial environment and to their known complexing
abilities towards metal ions.

B. Work Programme:
1. Review of available literature on the influence of organics compounds
including experimental and theoretical data obtained at Risg.

o]

B.2. Batch-type experiments to elucidate the influence of organics on
radionuclide migration.

B.3. Column-type experiments to elucidate the influence of organics on
radionuclide migration.

B.4. Theoretical study to elucidate the effect of complex formation on
radionuclide migration.

B.5. Characterization of humic acids partly within the frame of the joint

european programme on humic acid characterization.
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C. Progress of Work and Obtained Results
Summary.

The review paper on the role of organics on the migration behaviour
of radionuclides in the terrestrial environment has been completed and will
be published by the Commision in due course.

The theoretical study on the influence of complexation on
radionuclide migration has been completed. The work has been extended
compared to the originally proposed, and the results will be published
separately in Waste Management. The results are furthermore incorporated
in the above mentioned review paper.

The laboratory has during 1988 invested considerable effort in
participating in the joint european intercomparison and characterization
study of humic acids.

Progress and Results
1. Review (B.1.)

The review report summarizes factors of importance concerning the
role of organics on the migration of radionuclides in the terrestrial
environment.

Following some introductory remarks (chapter 1), chapter 2 describes
the occurrence of organic compounds in the geosphere, taking both naturally
occurring as well as artificially introduced compounds into account. The
behaviour of organic compounds in the terrestrial environment is
summarized (chapter 3) with special emphasis on sorption and persistence
in the environment. Both chemical and microbiological degradation
reactions are discussed. Chapter 4 describes the fundamentals of complex
formation in relation to migration. Stability constants for the interactions
between relevant metal ions and low molecular weight ligands as well as
with humic- and fulvic acids are summarized. Chapter 5 is devoted to an
evaluation, based on theoretical considerations, of the influence of organics
on the migration behaviour of radionuclides in the terrestrial environment.
Additionally, the behaviour of two special elements, i.e. technetium and
iodine, is discussed. An overall summary is given in chapter 6.

The report contains a comprehensive list of references.

2. Theoretical work (B.4.)

The results of the theoretical investigations has been in detail been
reported in the paper The influence of complexation on radionuclide
migration. A theoretical study.

The paper describes a theoretical evaluation of the influence of
complexation on metal ion, e.g. radionuclide migration in environments
containing an excess of complexing agents, i.e. the equilibrium between the
free and the complexed metal ions can be regarded to follow pseudo
first-order kinetics. It is shown that as long as the rate of interconversion
between the free and complexed metal ions is rapid relative to the residence
time in the system studied, the two species will migrate with the same speed,
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controlled by an "effective retention factor". It is clearly demonstrated that
approaching zero complexation the effective retention approaches that of the
more retarded species (the free metal ion), whereas the effective retention
approaches that of the less retarded species (the complex) for increased
complexation. The implication for the distribution of radionuclides :n the
terrestrial environment is discussed.

The described calculations unambiguously demonstrate the influence
of complexation on the migration of metal ion in the terrestrial
environment. Increasing the apparent stability constant of the complex,
either as a results of high true stability of the complex or by increased ligand
concentrations, significantly decrease the effective retention of the
equilibrium system. Hence, it is concluded that the naturally occurring
organic ligands, i.e. humic- and fulvic acids, which form strong to very
strong complexes with metal ions, apparently must be expected to exhibit a
pronounced influence on the migration behaviour of radionuclides, leading
to an increased migration speed. Similarly the possible presence of artificially
introduced potent ligands, as e.g. EDTA, forming stable complexes with most
polyvalent metal ions, certainly should be avoided, due to the dominating
role such compounds, even in very minor concentrations, will play in
controlling the migration of the metal ions.

3. Humic Acid Characterization (B.5.)

The work in this area has been concentrated on the study of europium
- humic acid complexation. The complexation of europium with different
humic acids has been studied based on the conventional ion-exchange
technique. The originally proposed dialysis-approach appeared less
advantageous due to the fact the the different humic acids contained low
molecular weight fractions, which could pass through the dialysis
membrane.

Humic acids of different origin were studied: a) commercially
available (Aldrich) humic acid and b) Humic acids isolated from Gorleben
ground water. Further humic acids from Fanay Augeres and possibly from
Mol will be studied.

The studies were carried out in 0.1 molar NaCl solutions. Surprisingly
it was found that nearly pure 1:2 complexes were formed, in contrast to the
expected 1:1 complexes, as reported by other groups. The two studied humic
acids both form rather stable complexes with europium. The logarithmic
interaction constants were found in the order of 5, the ligand concentration
being expressed in g/L.

The work on humic acid characterization based on isotope-exchange
has not yet been initiated.
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ACTINOIDE MIGRATION PHENOMINA IN GROUNDWATER: COLLOID GENERATION AND
COMPLEXATION WITH NATURAL ORGANICS

Contractor: Institut fiir Radiochemie, Technische Universitdt Miinchen
Contract No.: FI 1W/0067

Duration of contract: Sept. 1986 - Dec. 1989

Period covered: 1. Jan. 1988 - 31. Dec. 1988

Project leader: J.I. Kim

A OBJECTIVE AND SCOPE

Important geochemical processes that govern the migration of actinides
in deep geological aquifer systems are: hydrolysis reaction, redox
reaction, complexation with inorganics as well as organics and colloid
generation. The colloid generation and complexation with natural orga-
nics, e.g. humic substances, appear to be the most significant geoche-
mical phenomena with regard to actinide migration in a variety of aqui-
fer systems.

The contract research deals, therefore, with the colloid generation of
representative actinides in different groundwaters and the complexation
of Am and Pu with natural organics, particularly humic substances. The
results are expected to give an insight into the migration mechanisms
of actinides in the geosphere.

B WORK PROGRAMME

B 1. Actinide colloid generation in groundwater

- Characterization of colloids

- Generation mechanisms of actinide pseudocolloids

- Quantification of colloid generation in a migration medium for
actinides

B 2. Actinide complexation with natural organics

- Characterization and complexation study

Humic substances as organometallic colloids

Mobility of complex species and colloids in aquifer systems
Quantification of actinide mobility

B 3. Interlaboratory comparison exercise on complexation with natural
ligands (COCO-group: TUM, CEN/SCK, KUL, CEA-FAR, Risg, BGS, JRC-
Ispra and other new members)

- Intercomparison of characterization methods

- Separation and production of natural humic acids present in the
reference sites

- Intercomparison of stability corstants
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C PROGRESS OF WORK AND OBTAINED RESULTS

Statement of advancement

For the complexation study in the freme work of COCO-Club programme, a
commercial humic acid from ALDRICH Co. (Aldrich-HA(Na*)) has been puri-
fied, protonated and characterized, which is then taken as a reference
humic acid (Aldrich-HA(H*)) in the programme. The humic acid extracted
from one of Gorleben groundwaters (Gohy-573), chosen as the first site
specific humic acid (Gohy-573-HA(H*)), is also purified and characteri-
zed. These two humic acids are distributed to the COCO-Club members for
the interlaboratory exercise of characterization and complexation. From
400 mL pore water concentrate from Boom-Clay in Mol (CEN/SCK), humic
acid is extracted, purified and characterized. This is taken as the se-
cond site specific humic acid (Boom-Clay-HA(H*)) in the programme.

The complexation of Am(III) with different humic acids has been studied
by UV-spectroscopy, Laser-induced photoacoustic spectroscopy (LPAS) and
ultrafiltration. For the purpose of comparison, the humic acid from the
Lake Bradfqrd, Florida, USA (Bradford-HA(H*)) is also included in the
complexation study, since this humic acid has been used already by many
laboratories.

The colloid quantification has been investigated, using electron micro-
graphy as well as Tlight scattering measurements by LPAS. Groundwaters
from Grimsel and Gorleben are included in this investigation. The work
is still in progress.

Progress and results

1. Characterization of humic acids

A part of results is already given in the first report [1] and further
results are to be found in the second report [2]. The results of inter-
laboratory exercise are presented already in the review paper of the
MIRAGE plenary meeting 1988 [3]. In order to facilitate a gross over-
view, the elemental compositions of investigated humic acids are sum-
marized in Table 1, together with the ranges of values known in the
Titerature [3]. The elemental compositions of Aldrich-HA(H*) and Gohy-
573-HA(H*) resemble very closely, whereas the values of Boom-Clay-HA
(H*) differ considerably from the two other humic acids.

2. Complexation

The complexation study of Am(III) has been carried out with Aldrich-
HA(H*) and Bradford-HA(H*) by UV-spectroscopy, LPAS and ultrafiltra-
tion. The investigation with Gohy-573-HA(H*) and Boom-Clay-HA(H*) is
for the moment in progress. The important features observed in this
study are as follows: a tridentate complexation of Am(III) with the
functional groups of humic acid is predominant, 1:1 or 1:2 complexation
is not evident, the complexation constant does not appear varying with
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Table 1: Elemental composition of humic acids (in percent) normalized to 100 % of orga-

nic components

Element Aldrich Aldrich Gohy-573- Gohy-573- Boom-Clay- Lit. Values
HA(Na®) HA(H") HA(H )1 HA(H) 11 HA (H") (4]

C 48.93 (55.08) 55.23 56.25 57.32 62.36 50 - 60

H 5.13 (4.48) 4.48 4,52 4.76 6.05 4 -

N 0.29 (0.33) 0.32 1.69 1.77 2.94 2 -

0 43,40 (37.64) 37.64 35.80 35.72 26.98 30 - 35

S 2.20 (2.47) 2.33 1.73 0.43 1.66 0- 2

( ): Values normalized to the hydrogen and oxygen content of AIdrich-HA(H+); Gohy=573-HA
(H*)1 and Gohy-573-HA(H+)l| are two different charges separated from the same ground-

water in the different time span.

Table 2: Complexation constants of Am3+ with humic acids under different experimental con-

ditions

Humic Acid pH 1 (M) L Method log B (L/mol)

Aldrich-HA(H") 6.0 0.1 (0.651) LPAS 6.45 + 0.03
Bradford-HA(H+) 6.0 1.0 0.518 UV-Spectroscopy 6.28 + 0.34
Bradford-HA(H+) 6.0 0.1 0.650 Ultrafiltration 6.53 + 0,30
Bradford-HA(H+) 6.0 0.1 0.650 UV-Spektroscopy 6.20 + 0.36
Bradford-HA(H+) 5.5 0.1 0.400 UV-Spektroscopy 6.24 + 0,28
Bradford-HA(H+) 5.0 0.1 0.190 UV-Spektroscopy 6.13 £ 0.35

(L): Loading capacity of humic acid for Am(11!}; (1): lonic strength (NaClOQ)

increasing pH 3s indicated in the literature [4] and a loading capacity
of humic acid is limited in a given solution but increases with increas-
ing pH and with decreasing ionic strength. The complexation constants
of Am(III) determined for Aldrich-HA(H") and Bradford-HA(H*) are given
in Table 2.

3. Quantification of groundwater-colloids

The quantifiaction of groundwater-Colloids i.e. size distribution and
population, is for obvious reasons an important subject for the migra-
tion study of actinides. Much effort has been concentrated on the deve-
Topment of qualification methods, expecially, to establish a non-per-
turbing spectroscopic method. A new determination method is introduced
using laser-induced photoacoustic spectroscopy, which facilitates the
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measurement of scattered lights directly on a piezocrystall transducer.
The time difference in signal propagations between photoacoustic waves
and scattered lights enables the quantification of colloid population,
provided an average size of colloids is known. This method is further
in development. The preliminary quantification results for Grimsel wa-
ter and a number of Gorleben groundwaters are shown in Table 3. The
calibration has been made by measuring Latex solutions of different
concentrations with various particle diameters (40 nm ~ 300 nm). The
density of colloids is assumed to be one.

Table 3: Determination of colloid population in groundwaters by LPAS

Groundwater P.A, Signal Colloid content Population
(pv/mJ) (ppm) (N/L)
(1) (1)

Grimsel water . 0.166 0.095 1.7 x 100 5.2 x 10
Gohy=1011 0.176 0.101 1.8 x 1010 5.4 x 101
Gohy-214 1.445 ©0.830 1.5 x 10" 3.6 x 1012
Gohy-5105 3.175 1.824 3.3 x 10" 8.0 x 1012
Gohy-S104 7.645 4.393 7.9 x 10" 1.9 x 103

(1): evaluation based on the average diameter of colloids at 200 nm

(11): evaluation based on the average diameter of colloids at 100 nm

The electron microscopic scanning has been also applied for counting
colloid population in Grimsel water. The groundwater is filtered by a
Amicon XM50 filter of ca. 3 nm norminal pore size (from Dr. Degueldre,
PSI). From counting areas of 2431 um? and 2244 um? in 25 sigments, the
colloid population is evaluated to be

(0.6 ~ 1.5) x 10° particle/L

with an average diameter of ca. 100 nm. In comparison with the LPAS
determination (cf. Table 3), the electron microscopic counting gives a
considerably lower colloid population. The reason is still to be under-
stood. The electron microscopic scanning requires the manipulation of
groundwater, i.e. filtration and dryness, and counts a relatively small
area of the filter. Such methodical handicaps may result in the low
accuracy of measured values. The LPAS method includes measuring of very
small sizes of colloids which are for technical reasons neglected in
the electron microscopic counting (limitation at < 40 nm @). Further
comparison of the two methods is still in progress.

A typical size distribution determined by electron microscopic count1ng
is shown in fig. 1. The shaded area represents the total area (2431 um
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STUDY OF THE INTERACTIONS BETWEEN ORGANIC MATTER AND TRANSURANIUM ELEMENTS

Contractor : CEA-IRDI/DERDCA/DRDD/SESD/SCPCS - FONTENAY-AUX-ROSES - FRANCE
Contract n°® : FI1W/0068

Duration of contract : From 1985 to 1989

Period covered : 1988

Project leader : Mme MOULIN, Mr BILLON

A. OBJECTIVES AND SCOPE

The main objective of this programme is to study the importance of
natural organic ligands (humic and fulvic acids) as complexing agents of
radionuclides in their migration or retention behaviour in the geosphere
/1-2/. A second part of this programme 1is to emphasize the role of the
natural colloids (inorganic and/or organic species) present in deep or
shallow aquifers, which could have a major importance in the transport of
radiocelements./2-3/. The goals of this research programme are
- to define the characteristics and properties of the natural colloids
including, particularly the humic substances,

- to determine the formation conditions of organic complexes with
radioelements and the interactions with the natural colloids (sorption,
complexation, ...).

B. WORK PROGRAMME

B.1. Isolation and Characterization of humic substances

.1. Concentration of humic materials from natural groundwaters.

B.1.2. Characterization of humic materials by physical and chemical
methods.

o
(]

o~
[\

Interactions betwen humic substances and actinides
B.2.1. Development of the chromatographic method selected for the
complexation studies.

B.2.2. Determination of interaction constants by this method. Comparison
with other methods, particularly spectroscopy (application and
development) .

B.3. Studies on natural colloids

B.3.1. 1Isolation of colloids from natural waters by ultrafiltration
sampling, water analysis, development of the technique.

B.3.2. Characterization of the colloids : size, particle population,
composition. Use of Scanning Electron Microscopy.

B.4. Intercomparison exercice (CoCo group)
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C. PROGRESS OF WORK AND RESULTS OBTAINED

State of advancement

The 1isolation of humic materials of Fanay-Augéres from a granitic
water 1is finished : around 20 grams of humic and fulvic acids have been
obtained. Their characterization by physical and chemical methods has been
nearly achieved.

Complexation studies between humic materials and americium (III) by
chromatographic and spectrophotometric techniques have been performed and
formation constants values are presented.

The 1interlaboratory exercice on the isolation and characterization
of natural colloids from Grimsel water /4/ has been performed in the frame
of the CoCo exercice, with good results : ultrafiltration on membranes of
different porosities coupled with Scanning Electron Microscopy has been
used to determine the colloid population, their size and composition.

The general work progress status 1is as follows : B.1.1. is
finished, B.l.2.is nearly achieved ; B.2., B.3. and B.4. are progressing

normally.

Progress and Results

The concentration of humic substances from a natural granitic water
(Fanay-Augéres/ Massif-Central ; a borehole at 260 meters of depth) on an
anionic exchange resin DEAE-cellulose /5/ conducted to the isolation of 8
grammes of humic acids and 10 grammes of fulvic acids. A second step in the
purification of Fanay-Augéres humic acids has been reconsidered due to
their high ash content and has been performed with success : 5 grammes of
humic acids have been obtained after this procedure. The quantities
obtained (representative of a very long work in mine and laboratory due to
the rather low organic carbon content in Fanay-Augéres water) are suffisant
for the characterization studies (in particular for the intercomparison
exercice CoCo) and interactions studies with actinides. These natural humic
materials are considered as representative of a granitic site and hence,
have been distributed to the participants of the CoCo group for the
intercomparison work.

The humic substances in Fanay-Augéres water represent around 42% of
the total organic carbon (sorbed on the resin) with 19% of humic acids and
232 of fulvic acids. These results are quite in good agreement with those
obtained in the literature /6/. The characterization of the Fanay-Augéres
water in order to have a better understanding of the "origin" of the
organic materials is still in progress and development : water analysis,
application of geochemical codes, datation,

The characterization of Fanay-Augéres humic compounds by different
physico-chemical techniques (elementary, mineral, spectroscopic
(UV-Visible, 1IR), chromatographic and titrimetric analysis) showed that
these natural substances present the same characteristics of other aquatic
humic materials (elementary composition), a non negligeable mineral charge,
an aliphatic stucture more pronounced for humic than for fulvic acids
(infrared spectroscopy) and a low humification state for fulvic acids.
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Focus on the size is undertaken : development and comparison of the results

obtained by chromatography, ultrafiltration and photon correlation
spectroscopy /7/. This characterization study is still in development for
the "purified” humic sample, particularly for the size and charge

properties. Some properties for the fulvic acids from Fanay-Augéres are
presented in Table I.

The results obtained in the frame of the CoCo exercice on the
intercomparison of humic substances (from different sites) characteristics
will be presented together in a next report.

The study of the interactions between humic materials and Am(III)
by a chromatographic technique /5, 8/ 1is wunder progress : a typical
chromatogramme obtained with a Sephadex gel Gl5 is presented on Figure 1
where the two peaks, a positive (complexed Am) and a negative (deficient
Am) one, appear (proof of the complexation). In order to understand the
non-resolution of the two peaks (non-equilibrium or molecular size of the
entities), the same experience has been performed on a Sephadex gel G25
(Figure 2) : the peaks are separated. The values of the formation constants
determined by this technique are given in Table II. These values can be
compared with the formation constants obtained by spectrophotometric method
/9/ : they are quite in good agreement (Table II). The application of this
chromatographic technique to different humic materials 1is wunder
investigation. in the same pH range, and the study in alcaline pH range (in
carbonate medium) is under development.

The spectrophotometric study of the system Fanay-Augéres humic
substances-Am(III) has been performed and the interpretation is nearly
achieved. The comparison with other ligands will be made.

The characterization of Grimsel colloids in the frame of the
intercomparison exercice CoCo on colloids has been carried out by combining
ultrafiltration (in situ and in laboratory) of Grimsel water, and Scanning
Electron Microscopy (SEM). The ultrafiltration has been done on Amicon and
Millipore membranes of different porosities (450, 220, 100, 15 and 3 nm).
The results obtained with the CEA membranes are presented in Table III. The
observations of PSI membranes and AECL concentrate (production of membranes
in the laboratory) have also been made. The water analysis (cation/anion
content, U and organic carbon content) has also been investigated. A common
report with all the results will be published.

List of Publications

MOULIN V., ROBOUCH P., VITORGE P. and ALLARD B.
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Fulvic Acid
Elementary Composition
%C 47.5
ZH 4.6
%0 43,1
IN
ZAsh
Mineral Content
(in ppm)
Al 20
Si 1200
Fe 40
Mg 110
Ca 2200
K 1700
E4/E6" 17.5
Table I : Some characteristics of the fulvic acids obtained from

Fanay-Augéres water
absorbance ratio at 460 and 660 nm at 50 mg/L, pH8 , Tris
0.1M
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Formation Constant
(lg K ; K in L/g)

Chromatographic Technique

4.75 ¥ 0.15

G15 500ul ([HA] 0.5g/L s=0.02
4.85 % 0.15

Gl5 200ul [HA] O0.5g/L s=0.03
G25 200ul [HA] 0.25g/L 5.0 % 0.2

Spectrophotometric Technique 4.65

Table II1 : Formation constants values obtained for Aldrich humic acids at
I =0.1MNaClOo, in the following conditions
o chromatographic technique on G15
pH 5, [Citrate Buffer] = 2.5 10°3M, [Am] = 5 107" M
o chromatographic technique on G25
pH 5, [Citrate Buffer] = 10°3M, [Am] = 10°%M

0 spectrophotometric technique
pH 4.65, [Acetate Buffer] = 2 10°3M, [Am] = 3 10°M, [HA] from
0 to 50 mg/L

s = standart deviation

Membrane Cut-off|Particle Population
(in nm) (in particle/L)
> 3" 4.5 10°
> 15" 3.8 10°
4.4 10°
> 100 6.0 108
> 220 1.8 108
> 450 2.6 107

in reality > 80 nm due to the detection limit with SEM

Table ITI : Grimsel colloid population obtained by ultrafiltration and SEM
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Figure 1 : Chromatogramme obtained on Gl5 with the system
Am(III)-Aldrich humic acids
(same conditions as in Table 2)
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Figure 2 : Chromatogramme obtained on G25 with the system
Am(III)-Aldrich humic acids
(same conditions as in Table 2)
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DIFFUSION, SORPTION AND STABILITY OF RADIONUCLIDE - ORGANIC COMPLEXES IN

CLAYS AND CLAY-ORGANIC COMPLEXES.

Contractor : ICST, London, United Kingdom
Contract No. : FI1W/0147

Duration of contract : January 1988 - June 1990
Period covered : January 1988 - December 1988
Project leaders : L.V.C. Rees

A, OBJECTIVES AND SCOPE

Diffusion is likely to be the principle mechanism of the transport of
radionuclides in clay. In order to select clay formations suitable for the
disposal of radioactive waste, prior to site specific investigations, it is
necessary to understand the factors upon which the diffusion of radionucli-
des in clay may depend.

Several factors may influence the mobility of ions in clay systems.
We have chosen to concentrate on the following : clay mineralogy ; ionic
strength of the electrolyte solution ; the nature of the exchangeable ca-
tions on the clay surface ; and the presence of organic ligands both in
solution and adsorbed on or complexed with the clays.

As the clay system is modified both the degree of sorption of an ele-
ment, and its 'mobility in both the solution and the adsorbed phases will
vary. In order to elucidate the mechanism of diffusion it is necessary not
only to measure the diffusion coefficient of the chosen ion, but also to
assess the contribution of each species present, adsorbed or in solution,
its oxidation state, degree of complexation, hydrolysation etc.

The element chosen for this study is neptunium, in the form Np0+,
because of the considerable hazard posed by this element, and the stability
of the + 5 oxidation state in aqueous solution. The effect of simple orga-
nic ligands such as EDTA, citrate and saccharic acid and of humic acids
will be studied.

B. WORK PROGRAMME

1.1. Preparation of Ca and Na forms of the three chosen clays ; St Austell
kaolinite (two layers, nonswelling), Fithian illite (three-layer, non-
swelling) and Wyoming montmorillonite (three-layer, swelling).

1.2. Measurement of d-001 spacing using X-ray diffraction.

1.3. Diffusion coefficient of a non-sorbed ion, *®C1~, which does not form
organic complexes and the actinide, 2*’Np(V), through columns of the
different clays has been measured. Pore water composition covered a
range of ionic strengths.

2.1. Preparation of clay organic complexes with simple ligands such as EDTA,
citrate and saccharic acid, and with humic acids.

2.2. Measurement of d-001 spacing using X-ray diffraction.

2.3. Measurement of the rate at which the above radionuclides diffuse in
the complexed clays.

2.4. Measurement of the self-diffusion rates of the simple organic ligands
in the clays.

3.1. Preparation and characterisation of actinide-organic complexes star-
ting with the EDTA, then citric and saccharic acids, and finally humic
acid.
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The Na and Ca forms of each of the clays have been prepared, with a
background electrolyte of the perchlorate salt, molarity 0.01 M., The mont-
morillonite and kaolinites have also been prepared with a background
electrolyte solution of molarities 0.001 M and 0.1 M. Cells suitable for
the measurement of the tracer diffusion coefficient of 2°Cl (36C1‘ in per-
chlorate solution) using a pulse labelling technique, and of the diffusion
coefficient of 237Np using a half cell technique have been prepared and
tested. Clay organic complexes of the calcium forms of montmorillonite and
kaolinite have been prepared using the following ligands, EDTA, citrate
and Aldrich humic acid at two levels of ligand concentration. The diffusion
coefficients of °®Cl and 237Np have been measured in each clay preparation.
The time dependant and concentration dependant sorption of 237Np on each
clay has been measured. The adsorption isotherms and self-diffusion coeffi-
cients of the ligands EDTA and citrate have been obtained for each clay.

The characterisation of the radionuclide organic complexes is about
to commence.

PROGRESS AND RESULTS

1. The diffusion coefficient of Cl is required to calculate the liquid
phase impedance factor of an ion in solution, f.. Unless further impeded by
geometric or electrostatic interactions this factor should be the same for
each species in solution. In order to minimize any interference from the
complexes CaCl | CaCl; and NaCl both in solution and adsorbed on the clay
surface, the isotope was purchased in perchlorate solution. It was not
possible to obtain *®Cl07,

36

Moist clays were packed into Perspex cells of internal diameter 0.95
cm and length 1.8 cm. They were allowed to come to equilibrium on a mois-
ture suction plate at a tension of 150 kPa uniform Eacking density and
moisture tension. Deposition of a trace amount of 3%C1 was achieved by
placing a nucleopore filter containing a solution of 36Cl, dried to the
same moisture tension to avoid moisture flux, on the surface for a short
period (< 1 7 diffusion period). The clays were then sealed and placed in
an incubator for a period of 4-6 hours. They were then removed and sections
of 370 pym progressively extruded and removed. The slices were extracted
into 0.01 M CaCl; solution and the activity in aliquots of the supernatant
solution measured and from the concentration profile the diffusion coeffi-
cient calculated. The results are shown in Table II. The clay mineralogy
and exchangeable cation influence the value of D(Cl), but the effect is
not great.

The adsorption of Npot by each of the clay minerals both in the Na and
Ca forms at each electrolyte concentration has been measured. No change in
concentration of the supernatant solution was found over a period of several
weeks ; the sorption was thus not time dependent. This strongly suggest that
fixation of Np by the clay minerals or penetration into slowly accessible
interlayer sites in the clay mineral does not occur. The distribution coef-
ficient, RD was measured at a clay : solution ratio of 1 : 20. The
sorption was measured at a range of concentrations of Np 3 x 10° - 7 x 10°®
CPM dm™*, The adsorption isotherms were found to be linear, R, obtained
from linear regressions on these isotherm are shown in Table ?I. These
values were used to calculate the proportion of the element in solution as

a time average, and hence along with f,, the calculated contribution of the
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liquid phase to the measured diffusion coefficient. This term, denoted by
D.. would be the value of D expected if diffusion occurred in the liquid
p%ége only. A value of D, the diffusion coefficient of Npot in an ideal

solution was taken to be 6 x 10-1%p?s-1,

The diffusion coefficient of Np was calculated from the fraction of the
isotope having diffused from an initially labelled half-cell to a half cell
which did not initially contain Np. The labelled clay was prepared by
mixing dry clay with a solution containing 237Np, the unlabelled clay was
otherwise identical. Both half cells were equilibrated on a moisture suc-
tion plate as for Cl diffusion. When equilibrated the half cells were
clamped together, and stored in an incubator for an appropriate diffusion
period. The ratios D/D.. are plotted in Figure I. For the kaolinite sam-
ples D is greater than D.. which might be taken to indicate that surfa-
ce diffusion of the adsorbe&lgpecies occurs. However the reverse is obser-
ved for the montmorillonite samples. There are two explanations for this,
firstly that the value of D, is not accurate, which invalidates all calcu-
lated values DLi or that t%e liquid phase diffusion pathway of NpO:
differs considergbly from that of C1~ due to its greater size so that fL
(Cl) may not be applied to NpO;.

2. The clay-organic complexes were prepared by mixing air dry clay with a
solution made 10> or 10~°M in the organic compound, and 107?M Ca(Cl04) 2.

The procédures for the measurement of D (3®Cl), D (?*’Np) and R, were
exactly as described for the uncomplexed clays. The results are presented
in the same way in the same Tables and Figure.

It should be noted that the formation of clay-organic complexes did
not have a significant effect on the liquid phase impedance factor of cl1
as the moisture content and the packing density were unchanged this is not
surprising. The adsorption isotherms of Np in the complexed clays were
linear, and not significantly modified. The presence of organic comple-
xing ligands €hus did not modify the adsorption of neptunyl on the three
clays studied.

A definite change in the measured value of the diffusion coefficient
of Np is observed, particularly in the clays complexed with humic acid.
Given the uncertainty surrounding the value of D i it is unfortunately not
possible to attribute this to a change in the propgrtion of surface diffu-
sion or to greater impedance in the liquid phase due to the different size
and charge of the complexed forms of neptunium in solution. A more
thorough interpretation of these results may be possible when the neptunyl-
organic complexes have been characterised, in the presence and absence of
clay.
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Table I

Distribution ration of Np (v) for each clay preparation

Na 0.001 M
Na 0.01 M
Na 0.1 M
Ca 0.001 M
Ca 0.01 M
Ca 0.1 M
_5
EDTA 10_3
EDTA 10
_5
Citrate 10_3»
Citrate 10
_5
Humic Acid 10_3
Humic Acid 10
Average of Ca 0.01

including organic ligands

2R R XX

M

68.35
82.79
79.55

143.38
81.81
18.84

65.12
59.25

55.58
77.37

68.15
92.04

65.43

[+1+1+

[+1+ |+]+1+

[+14+ |+|+

|+

Montmorillonite

12

13
15

12

P dP P dP oP oP 0P oP

16
14

20

\O
o dP P JP oF
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Kaolinite
18.37 + 6
5.02 + 16
4.05 + 28
3.48 + 94
1.74 + 61
1.40 + 64
0.92 + 96
5.34 + 28
2.06 + 166
32.38 + 14
3.75 + 59
20.06 + 26
2.65 + 28

P dP 0P P P P P OP oP IP dP oP oJf

Illite

64.39

21.96

15.33
12.72

13.96
34.13

20.98
36.31

16.54

|+

[+1+ [+]+

[+ ]+

| +

24

15

12

14
16

10
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Diffusion coefficient o

Na
Na
Na

Ca
Ca
Ca

OO O O0O0

EDTA
EDTA

001 M
.01 M
.1 M
.001 M
.01 M
.1 M
_5
10 M
100 M

5

Citrate 10_3M
Citrate 10 M
* 5

Humic Ac.10-5M

Humic Ac.10 M

Na O.
Ca 0.

01 M
01 M

Table II

Cl in each clay preparation

£ 237Np and 26
Montmorillonite
D(“7Np)1 D§;6Cl)
10~ m?s” 10~ m2s”
14.89 + 10% 7.14 + 2%
11.58 + 24% 5.67 + 2%
15.75 + 14% 6.68 + 10%
4.80 + 16% 4.15 + 6%
8.14 + 3% 5.80 + 3%
11.60 + 16% 5.61 + 4%
5.89 + 6% 6.26 + 16%
6.39 + 37% 6.75 + 3%
4.21 + 29% 6.36 + 9%

5.65 + 31% 6.69

1.05 + 20 % 4.80 + 16%
1.34 + 31 % 5.48 + 1%

Table II cont.

D(%*"Np) D(36c1)
11 _1 _10 1

10 m2s 10 m?2s
3.34 + 113 3.36 + 13%
0.447+ 173 3.72 + 2%
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10

(200! D ~J W ww N w N

237

.94
.57
.95

.00
.08
.27

.95
.24

.16
.96

1.37
1.28

Kaolinite

Np) D( %c1)
m?s 10 m2s
+ 3% 4.66 + 7%
+ 37% 4.65 + 6%
+ 12% 4.49 + 9%
+ 21% 5.34 + 20%
+ 2% 4.94 + 5%
+ 25% 5.11 + 5%
+ 8% 5.29 + 6%
+ 12%  5.31 + 10%
+ 2% 4.03 + 9%
+ 9% 4.09
+ 30% 4.47 + 4%
+ 3% 4.47 + 5%
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FIGURE 1
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EFFECTS OF NATURAL ORGANIC SUBSTANCES ON THE GEOCHEMISTRY OF A
RADIOACTIVE WASTE REPOSITORY

Contractor : UKAEA, Harwell Laboratory, UK
Contract No : FI1W/0156

Duration of Contract : January 1988 - December 1989
Period Covered : January 1988 - December 1988
Project Leader : F T Ewart

A OBJECTIVES AND SCOPE

A significant proportion of the dissolved organic carbon in natural
groundwaters consists of humic and fulvic acids. There is evidence that
these may form complexes with some radionuclides which may result in
increased aqueous concentration either due to increased solubility or
decreased sorption on to surfaces. Previous work in this laboratory has
involved the completion of a literature review /1/, an investigation of
possible methods of characterisation and some preliminary studies of the
effect of humic acid on the sorption of americium on cementitious
materials. This programme is for a continuation of that research in those
areas relevant to a radiocactive waste repository.

There are four main objectives in the programme. Limited humic
characterisation forming part of the "CoCo" intercomparison exercise will
be made on groundwater samples obtained from geological structures which
are typical of reference repository sites. The effects of humic acids on
the solubility of Pu, Am and Np in waters representative of a cementitious
repository will be investigated and the influence on sorption studied for
these elements. A study will be made of the feasibility of including the
effects of natural organic compounds in geochemical modelling codes,

WORK PROGRAMME
.1 Characterisation of humic substances
.2 Effects of humic acids on Pu, Am and Np solubilities.
.3 Effects of humic acids upon the sorption of Pu, Am and Np on cement
grouts.
B.4 Modelling studies.

B
B
B
B
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C PROGRESS OF WORK AND OBTAINED RESULTS

Statement of advancement
In the period covered by this report the sample of reference humic
acid supplied as part of the CoCo club intercomparison exercise has been
characterised by ultracentrifugation and gel permeation chromatography.
The molecular weight was determined to be between 2,600 and 4,000. Calcium
at concentrations greater than 10-3M has been shown to cause flocculation
of humic acid extracted from Boom clay. This concentration is comparable
with those found in waters equilibrated with cement formulations. Humic
acid has been shown to maintain high levels of americium at high pH in
solutions defined by filtration through 0.45um filters. Some enhancement
of americium solubility may also be observed in sodium hydroxide solutions
after filtration through 30000 molecular weight cut-off filters.
The current state of the programme is as follows:
B.1 Work for the intercomparison exercise completed, other work
progressing normally.
B.2 Progressing normally.
B.3 Scoping experiments in progress, slightly delayed from original
programme.
B.4 Not started, current experimental data insufficient.

PROGRESS AND RESULTS

Characterisation of humic substances (Bl)

As part of the CoCo club intercomparison exercise we have determined
the molecular weight of a sample of the reference purified humic acid
(ex-Aldrich) by ultracentrifugation. All determinations were made on
samples of humic acid dissolved in sodium hydroxide solution.

Sedimentation velocity experiments yielded a weight-average molecular
weight, M, of 4,000 whilst sedimentation equilibrium studies gave values
of 2,600 for M, and 2,800 for M, the z-average molecular weight. Gel
permeation studies under alkaline conditions show some polydispersity to be
present and give an average molecular weight of approximately 3,000.

The flocculation of humic acid by calcium ions has been studied; these
experiments give an indication of the behaviour of humic acid in the
near-field of a cementitious repository. Humic acid was extracted from
samples of Boom clay by contact with 0.1M sodium hydroxide solution under
nitrogen and the resulting leachates filtered through a 0.45um filter. The
leachates contained up to 200 pg.ml-! Total Organic Carbon (TOC) and were
2.5 x 10°*M in calcium. Portions of the leachates were equilibrated with
added levels of calcium for seven days and then filtered through 0.45um or
0.22pum filters prior to TOC analysis. The results are shown in Table I and
show that flocculation occurs at calcium concentrations above 1 x 10-3M.
This value can be compared with a concentration of approximately 4 x 10-3M
found in water equilibrated with a 9:1 Blast Furnace Slag/Ordinary Portland
Cement mix.

Effect of humic acid on americium solubility (B2)

Initial studies of the solubility of amercium were made in the
presence of humic acid extracted from Boom clay with sodium hydroxide
solution as for the flocculation studies above. The solubility was
approached from oversaturation using inventories of americium-241 of
4 x 10°%M or 4 x 10°¢M and the concentration of the radionuclide determined
by gamma counting or alpha spectrometry. Solid/liquid separation was
achieved by filtration through 30,000 molecular weight cut-off (MWCO) or
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0.45um filters and the pH was 12.7. Results are presented in Table II for
a range of humic acid concentrations. Most of the americium is in solution
as defined by 0.45um filtration for both inventories when humic acid is
present. Solubility is enhanced by a factor of 1,000 for 30,000MWCO
filtrates at the higher americium inventory. No similar enhancement is
seen with the lower inventory of radionuclide.

Solubility measurements in solutions of Boom clay humic acid in 9:1
BFS/0PC equilibrated water have also been made. The humic acid
concentration is controlled by the calcium level and the maximum attainable
is therefore lower than for sodium hydroxide extracts. Only one americium
inventory of 4 x 10-8M has been used. Table III shows that no trend is
discernible in the 30,000MWCO filtrates but that the inventory of americium
is in solution for the 0.45um filtrate at a humic acid level of 13 pg.ml-!
TOC.

REFERENCES

/1/ EWART, F.T., and WILLIAMS, S.J., Harwell Laboratory Report AERE R12023
(1986).
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TABLE I: EFFECT OF CALCIUM ON HUMIC ACID CONCENTRATION

TOTAL ORGANIC CARBON/upg.ml-!
(Ca)/M
O0.45um FILTRATE 0.22um FILTRATE

9.4 x 10-2 25 -
9.7 x 10-3 20 -
8.3 x 10-3 24 38
5.3 x 10-3 31 40
4.3 x 10-3 70 63
2.3 x 10-3 98 97
1.2 x 10-3 160 -
3.4 x 10-+* 180 -
2.5 x 10~ 165 -

TABLE II: AMERICIUM CONCENTRATIONS IN SODIUM HYDROXIDE EXTRACTS OF
BOOM CLAY HUMIC ACID

HUMIC ACID/ [Am] IN 30,000MWCO (Am] IN O.45um
pg.ml-1! TOC | FILTRATE/M FILTRATE/M
(a) Inventory 3*1Am = 4,1 x 10-8M
241 9.1 x 10710 3.8 x 10~
24 2.5 x 10-9 3.8 x 10-#
2.4 4,5 x 10-9 3.7 x 10-¢
0 2.7 x 10-9 3.4 x 10-¢
(b) Inventory %“!Am = 4.1 x 10-%M
240 1.0 x 10~ 3.8 x 10-¢
24 3.8 x 10-9 3.9 x 10-¢
2.4 1.4 x 10-9 3.5 x 10-¢
0 9.2 x 10-13 2.1 x 10-9

TABLE III: AMERICIUM CONCENTRATIONS IN 9:1 BFS/OPC WATER EXTRACTS OF
BOOM CLAY HUMIC ACID

HUMIC ACID/ (Am] in 30,000MWCO [Am] in 0.45um
pg.ml-1 TOC | FILTRATE/M FILTRATE/M
13 7.4 x 10-11 3.1 x 10-8
1.3 1.4 x 10-10 4,0 x 10-9
0.13 1.7 x 10-10 8.3 x 10713
0 4,1 x 10-11 1.7 x 10-10
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SIMULATION OF RADIONUCLIDE EXCHANGE BETWEEN AQUEQGUS AND MINERAL-
ORGANIC PHASES.

Contractor : Université de Nantes, Republique Frangaise
Contract No : FITW-0187-F

Duration of conirart January 1988 - December 19883

Period covered : January 1988 - December 1388

Project leaders : Prof. J. PIERI,

A. OBJECTIVES AND SCOPE

Humic and fulvic acids are important transfer vectors of
radionuclides in the geosphere, particularly in the porous sedimentary

systems. Such systems are obliged ways between the geological
formation of the nuclear waste storage sites (salt or clay options)
and the biespher. In the case of the granitic formation, weathering

materials of fractures or mined cavities have a similar behaviour.
Indeed these acids ,always present in the underground waters, have
complexation properties which can induce high mobility species in the
water-table.

These are the goals of the project:

- measurments of humic acids molecular weight by means
of ultracentrifugation and ligquid chromatography
(intercalibration exercise).

- fractionation and isolation of humic and fulvic
species.

- measurements of the competition between the dif-
ferent species 1in the sorption of 156 Eu, 98 Tc,
7241 Am, 23B Pu by means of a specially-built
dialysis display.

B. WORK PROGRAMME

1 - Construction of a polydlalys1s reactor, derived from an existing
model. The chosen material is P.T.F.E.

Z - The tested samples originate in Boom (Mol, Belgium), Gorleben
(F.R.G.), and Fanay-fugeéres (France).

3 - Estimation of the competition at equilibrium conditions is ob-
tained by sorption cinetics.

4 - Taking part in the intercalibration exercise on the humic and ful-

vic acids.
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C. PROGRESS OF WORK AND OBTAINED RESULTS
STATE OF ADVANCEMENT

The aim of +the fourth 1tem, in the wmain outline of the
intercalibration exercise in which the Co-Co-Club associated
Laboratories took a part, was to give data on the molecular weights of
some polymers (humic and fulvic acids). The natural tested sample
originated i1n the experimental deposit site cf Boom (Belgium). A humic
acid, commercialized by the Aldrich firm was also studied.

Two metods were used: ultracentrifugation on preformed sucrose
gradients, and gel-filtration low-pressure chromatography.
PROGRESS AND RESULTS
1 - ULTRACENTRIFUGATION ON PREFORMED SUCROSE GRADIENTS
1.1 - METHODOLOGY

The determination of the Svedberg’'s sedimentation coefficients
have been carried on by the method of the linear preformed gradients
(sucrose @-15%, BUCHLER Auto Densi-Flow II C) in a high gravitation
field (110,000 g, 8 hours. BECKMAN L5-75B Ultracentrifuge, SW 41-Ti
rotor). The gradients are then divided 1nto 25 fractions (Fraction
collector LKB Superrac 2211) and the optical density measured for the
following wavelenghts: 254, 465 and 665 nm.

The Svedberg's coefficient is calculated from the classical
formul a:

w

"
ELIEL

x

in wich x represents the migration of the fraction which has the
higher optical density. From GOSH and GSHNITZER (198@) /i1/, +the
structure of the humic and fulvic acids own a fibrillar, more or less
fold up ("spheroceolloids”"). Therefore, the estimation of the molecular
weight has been estimated by an interpolation using +two globular
proteins: the Catalase (MW = 230,000, S = 11.3) and the horse spleen
Ferritin (MW = 449,000, S = 17.6). The solvent used to make the
gradients was a sodium hydrogenocarbonate - sodium perchlorate buffer
(NaHC03 @.91 N 15%, NaCl04 @.01 N 85%, pH 9).

1.2 - RESULTS
1.2.1 -~ The Boom Humic Acid

The initial concentration of the studied sample is @.35 g/l.
After the run, a maximum optical density is found for the 5th fraction
(figure 1 B). The sedimentation coefficient is 2.62.10-13 sec. and the
extrapolated molecular weight 1s 54,000. The examination of the figure
| C shows a soft decrease of the E4/E6 ratio (except for the pellet-
fractions 22 to 25 ,containing 1insoluble substances) indicating a
separation of the bumic acids from the fulvic acids whose molecular
weights are less (CHEN et al. (1977) in STEVENSON (1882) /2/).

1.2.2 -~ The Aldrich Humic Acid

This substance is sold by the Aldrich firm in a salt-form. In

order to remove the excess of sodium salt, a dialysis of a 1 g/l
solution has been made, in a sodium hydrogenocarbonate - sodium
perchlorate buffer. The result is a loss of 1little molecules,

indicated by the variation of the E4/EG ratio (from 2.52 to 2.28). fis
1t 13 shown 1n the figure Z B, the final distribution of the studied
acid is mainl located 1n the 4 - 7 fractions. The calculated
Svedberg' s coefficient and the estimated molecular weights values are
contained i1n Table I
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Fraction number 5 sec MW g
4 1.32 x 10-13 27,000
S 2.62 x 10-13 54 000
6 3.94 x 10-13 81,000
7 5.23 x 106-13 107 . 000

Table I. Svedberg s coefficients and associated
molecular weights of Aldrich Humic Acid

This sample appears hence very polydispers. The E4/EB ration evolution
proves a high separation of the fulvic species on the top of the
centrifuge tube (figure Z C).

1.3 - DISCUSSION

The linear preformed gradients technic 1s proving effective in
the determination of the Svedberg s coefficient. The lack of usable
molecular structure data obliges wus to do an analogy with well knoun
proteins (Catalase and Ferritin) in order to estimate the molecular
weights. The results are vyet in barmony with those obtained by
ultrafiltration (KIM, 1988) /73/. On the other hand, 1f the hypothesis
of a fibrillar, partially coiled structure 1is retained, the WALES and
VAN HOLDE formula /4/ will be applied:

24 3/2 _ 1/2 rm7J
Mc, = 8.2 x 10 x M x V, x S0 x Ks with Ks = 1.B66.
= / SO Ry A D
in wich: )
« = 1.,7558 x 10 poises : solvent viscosity

Ml = 0.5 io0 5 poises : intinsec viscosity (VISSER, 1964) /5/
Vo = 0.75% ml/g : partial specific volume

Q; = | : solvent density

So = 2.BZ x 10 sec it sedimentation coefficient
The molecular weights range calculated in this way stretches from

14,000 to 43 ,9090. The E4/EB ratio shows the condensation degree of the
aromatic woof (CHEN et al., 1977) /6/.

Z - GEL-FILTRATION LOW PRESSURE CHROMATOGRAPHY
2.1 - METHODOLOGY

The selected ges was Sephacryl 6-3¢¢, in spite of increased
ionic interactions. The packing and eluting solvant was a sodium
hydrogenocarbonate - sodium perchlorate buffer (NaHC03 0.0! N 15%,
NaCl04 @.1@ N 85%, pH 8) added with @.05%% sodium azid. The column was
6@ cm high, with a @.9 cm inner diameter, the bed height was 58 cm,
the flow rate was 8 ml/h. The column calibration has been made with
the substances caracterized in Table II.

Substance My abs. nm
Dextran Blue 2,000,000 (V@) 66O
Aldol ase 158,000 289
Albumin 67,000 280
Chymotrypsinogen 75,000 280
A-Ribonuclease 13,709 280
K-Hexaferrocyanate 329.3 (Vi) 429
Table II - Physical characteristics of column standards
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The MW determination is obtained by the classical formula:

KD = Ve - VO where Ve : elution volume
Vi - VO V@ : void volume
Vi : inner volume

and a linear correlation betueen log(MW) and KD.
The samples were centrifugated before deposit and the only supernatant
was chromatographied.

2.2 - RESULTS

ol ol

2.2.1 - The Boom Humic Acid

One adsorption peak 1s displayed at 2@ ml elution (figure 3
A), corresponding to a @.251 KD value and to a 123,000 molecular
weight value. Between this peak and the Vi volume, the acid
concentration decrease to a threshold, beyond wich small molecules
with high 10onic 1nteractions are eluted. The evolution of the E4/EB
ratio i1ndicates a humic enrichment 1n the content of the latest eluted
molecules, and the ionic-interacting molecules (figure 3 B).

2.2.2 - The Aldrich Humic Acid

The sample has been first dialyses as shown in 1.Z2.2. The
chromatogram present a single peak (figure 4 A) for a 31 ml elution
volume (KD = ©.926, MW = 7, 00@) corresponding to a monodisperse
solution. The E4/Eb ratio indicates very clearly an enrichment in
humic species with increasing elution volumes (figure 4 B).
In%eractlons with the gel bed are lesser than those described in
2.2.1.

2.3 - DISCUSSION

The general sight of the elution curves agrees with the one
given by DUBACH et al. (1963) /7/. The elution curves have aluways a
single maximum and an asymmetrical shape. Thje tailing is very
important 1n the case of the natural Boom sample (with large
interaction effects), 1n spite of a high pH value (9). A separation of
the humic and fulvic species is always observed.

3 - CONCLUSION

The two methods give similar results only in the general
behaviour of the molecules. The estimated molecular weights are widely
different because of the fundamental analogy made on the molecular
shapes (ultracentrifuged gradients) and the various molecular
adsorption (gel-filtration chromatography). Nevertheless, both methods
are usable for size division and puraification.

Further experiments 1n gel-filtration are in progress to
define a more adequat elution buffer.
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ASSESSMENT OF BASIC MIGRATION PHENOMENA OF ACTINIDES: COMPILATION,
VERIFICATION, DETERMINATION OF THERMODYNAMIC CONSTANTS AND SPECIATION
IN NATURAL AQUIFER SYSTEMS

Contractor: Institut fiir Radiochemie, Technische Universitdt Minchnen
Contract No.: FI 1W/0202

Duration of contract: Oct. 1988 - Dec. 1989

Period covered: 1. Jan. 1988 - 31. Dec. 1988

Project leader: J.I. Kim

A OBJECTIVES AND SCOPE

The first part of the research is to obtain reliable thermodynamic con-
stants of hydrolysis reaction and carbonate complexation for actinides
of different oxidation states, whose data are not well known or known
with large uncertainties. This concerns Am, Pu, Np, Th and U ions. The
species assumed for the evaluation of thermodynamic data will be veri-
fied with the help of spectroscopic or other methods.

The second part of the programme aims at the speciation of actinides in

various aquifer systems. The conditions would be those of the Gorleben

aquifers as a MIRAGE reference site. The elements to be studied are Np,

Pu and Am. The speciation will be carried out using laser-induced photo-
acoustic spectroscopy (LPAS) with the help of ultrafiltration and ultra-
centrifugation. The indirect chemical speciation will be included for

extremely low concentrations: < 10°% molar. A new spectroscopic method

using laser-induced fluorescence (LFS) will be tested for actinides of

tri- and hexavalent state with an expected speciation sensitivity up to

10" "% mol/L.

B WORK PROGRAMME

B 1. Compilation, verification, determination of thermodynamic con-
stants of hydrolysis reaction and carbonate complexation

- Critical assessment and compilation of thermodynamic data of
An(II1), An(IV), An(V) and An(VI)

- Experimental determination and verification of uncertain thermo-
dynamic data

- Verification of species assumed for the evaluation of thermo-
dyramic data

B 2. Speciation of actinides in natural aquifer systems from the
MIRAGE reference site (e.g. Gorleben)

- Speciation under various geochemical conditions of different
aquifers

- Comparison of experimental speciation with theoretical specia-
tion based on thermodynamic data

- Development of a new spectroscopic method
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C PROGRESS OF WORK AND OBTAINED RESULTS

Statement of advancement

The literature survey of thermodynamic data for hydrolysis reactions
and carbonate complexation of Th, U, Np, Pu and Am has been completed.
The compilation and assessment of individual data are in progress. In
the mean time, the carbonate complexation of Am(III) and hydrolysis
reactions of Am(III), Am(V) and Np(V) in different ionic strengths have
been reinvestigated. Particular emphasis is given to the characteriza-
tion of solid compounds used for their solubility measurements. The
solubility product of a well crystallized Pu02 is redetermined. Veri-
fication of the literature data by own experiment or by theoretical
correlations is in progress.

Speciation of actinides in Gorleben groundwaters has been carried out
by Laser-induced photoacoustic spectroscopy (LPAS). In the mean time,
Laser-induced fluorescence spectroscopy (LFS) is set up for the specia-
tion study of An(III) and An(VI). LFS provides sensitivities for Cm(III)
and U(VI) over 1000 times better than to be attainable by LPAS.

Progress and results

1. Hydrolysis reactions of Am(III)

Using a radiometric pH titration, hydrolysis reactions of Am(III) in
NaC10, and NaCl have been investigated. At first the solubility product
of Am(OH)3 (amorphous) is determined spectroscopically at pH = 6.0
measuring absorbance at 502.9 nm. Hydrolysis constants are then deter-
mined in the pH range of 6 ~ 13. The results are given in Table 1. The
solubility product of Am(OH)3 (am) becomes increased by 0.7 in logarith-
mic unit, when the specific a-activity in the solution is changed from
0.1 Ci/L to > 1.2 Ci/L.

Table 1: Solubility products of Am(OH)3(s) and hydrolysis constants of Am(1!1) in NaCl10
and NaCl solutions

y

log Ksp Tog 51 Tog Bz log 53 Medium
-25.7 £ 0.3 6.3 + 0.3 12.2 t+ 0.4 14.4 + 0.5 0.1 M NaCIOQ, 0.1 Ci/L
-25.0 + 0.3 6.3+ 0.2 12.2 £ 0.3 14.4 + 0.2 0.1 M NaC10,, 1.2-5 Ci/L
-25.1 t 0.5 6.0 £+ 0.4 12.2 £ 0.5 14.8 + 0.5 0.1 M NaC10, 2-5 Ci/L
-25.0 + 0.1 5.6 ¢+ 0.3 11.6 £ 0.4 14,1 £ 0.5 0.6 M NaC10, 2-5 Ci/L
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2. Verification of hydrolysis constants by speciation

Based on the hydrolysis constants given in Table 1, the Am(III) species
that might be present in the solution are speciated by calculation as
shown in fig. 1. Following this calculation, at pH = 7 ~ 8, three spe-
cies, i.e. Am**, Am(OH)2* and Am(OH)!, are to be present. Whether or
not such a calculated speciation is relevant to the real solution has
been verified by laser-induced photoacoustic spectroscopy (LPAS). The
spectra are shown in fig. 2. The first spectrum from the upper part re-
presents the Am3* jon with its absorption at 5.03 nm and the second

=]
o

o
o

o
o

relative concentralion in %

n
o

Fig. 1. Relative amounts of Am(111) species
in 0.1 M NaC]Ou as a function of pH. Calcu-
lation is made by the solubility product
and hydrolysis constants determined in 0.1
M NaC]O4 with the specific a-activity of
0.1 Ci/L (cf. Table 1).
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for the hydrolysis reactions of Am3+ in 0.1
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speciation given in Fig. 1.
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one, being a mixture of Am®* and Am(OH)%*, shows broadening of the ab-

sorption peak. The third spectrum reveals the appearance of a peak at

504.5 nm which is attributed to Am(OH)%* and at the same time the growth
of a shoulder at 510 nm which is assigned to Am(OH);. The last spectrum

shows distinctively two peaks at 504.5 nm and 510 nm indicating the

presence of Am(OH)?* and Am(OH); at pH = 7.7. The spectroscopic specia-

tion has thus verified the accuracy of the thermodynamic data given in

Table 1.

3 Speciation of Am(III) in groundwater

The Am3* idon in 0.1 M NaC]Oh (pH = 6) 1is introduced in a Gorleben
groundwater, which is kept under inert gas atmosphere (Ar + 1 % CO,).
The groundwater contains about 5 mg L™" DOC (dissolved organic carbon),
of which a substantial fraction is humic and fulvic acids. After 3
months of natural conditioning, the groundwater is filtered by a Nucle-
pore filter with pore size of 400 nm. The LPAS speciation of the fil-
trate is shown in fig. 3 (spectrum (a)). The absorption peak observed
at 506.0 nm indicates either the carbonate or humate species, while the
FWHM value of 4.8 nm suggests the Am carbonate. In consideration of the
total carbonate concentration (approx. 3 x 10°* M) and the humic/fulvic
acid concentration (approx. 5 x 107° equiv. mol L™") and, taking ac-
count of their complexation constants of Am(III), both carbonate and
humate (also fulvate) species of Am(III) can be present in this ground-
water,

In order to verify the actual chemical state, the solution is trans-
fered from the Ar + 1 % CO, atmosphere to Ar atmosphere and, at the
same time, the pH is lowered to 4.0 in order to decrease the carbonate
concentration in the solution. By this process, the Am carbonate spe-
cies are decomposed to produce the Am** ion. Upon releasing the partial
pressure of COZ, the colloid generation takes place in the solution,
which is then filtered at 400 nm pore size. The Am concentration is de-
creased about 16 % to 4.3 x 10" mol L™'. The photoacoustic spectrum of
the filtrate is shown in the spectrum (b), which illustrates the peak
shift to 503.2 nm, suggesting the production of the Am3* ion from decom-
position of its carbonates. The high shoulder at 506.0 nm indicates the
coexistence of another chemical state of Am(III). Since the carbonate
concentration in the solution at pH = 4.0 becomes negligibly small
(<10'7 M), the shoulder peak is suspected to indicate the presence of
Am humate species. To confirm the presence of Am humates, the solution
is further filtered with the smaller pore size of 1.3 nm. The Am concen-
tration in the filtrate is decreased about 47 % to 2.3 x 1077 mol L™
and the spectrum (c) shows the unambiguous identification of the Am**
ion with the better pronounced peak at 503.2 nm. The relative height of
the shoulder peak is decreased by filtration at 1.3 nm pore size but
the peak does not disappear. This remaining shoulder peak may be ascri-
bed to Am fulvates which are much smaller in size and remain more
stable over a wider range of pH than Am-humates.
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From the systematic follow-up of the spectral work with the aid of
ultrafiltration, as well as the change in the partial pressure of CO2
and pH, the original chemical state of Am(III) in the given groundwater
is confirmed as being the Am(CO_)* ion (or Am(OH)C03) mixed to some ex-
tent with both Am humates and fulvates.
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COMPLEXATION OF RADIONUCLIDES WITH NATURALLY OCCURRING

ORGANIC COMPOUNDS IN GROUNDWATER

Contractor : British Geological Survey, Keyworth, Nottingham
Contract No. : FI-1W-0203 (UK)

Duration of contract : from October 1988 to March 1991
Period covered : from October 1988 to December 1988

Project leader : G.M. Williams

A. OBJECTIVES AND SCOPE

The broad objective of the programme is to study the ability of natural
organic compounds present in groundwater to form mobile complexes with
radionuclides. The work involves development of techniques to extract
natural organic material from groundwater with minimal alteration, the
separation of those organic fractions that complex with cations, and the
development of geochemical speciation models to describe or predict
metal binding. The modelling approach will be tested by applying it to
the study of the mechanisms which enhance the migration of nickel from a
disposal lagoon into which a wide range of organics and heavy metals
have been discharged. Liaison with Loughborough University of Technology
has been established to develop appropriate techniques to determine
radionuclide speciation directly and to separate organic fractions.

B. WORK PROGRAMME
The project is divided into the following research areas

1. Assessment and development of techniques to extract and separate
natural organic material from groundwater.

2. The separation, characterisation and quantification of those organic
fractions which complex with radionuclides.

3. Development of a model to describe metal binding capacity based on
the characterisation of natural organic compounds.

4. Investigation of the mobility of nickel which has apparently migrated

over 100 m in groundwater organically contaminated with industrial
wastes, in an attempt to apply and validate the modelling approach.
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C. PROGRESS OF WORK AND RESULTS OBTAINED

STATE OF ADVANCE

The work has only recently commenced. A review is in hand of methods to
extract organic material from groundwater. Attention is also being given
to the separation of nickel complexes from groundwater sampled from the
Villa Farm site, using gel chromatography. Equipment is being assembled
to carry out on site ultra-filtration of groundwater and on site
characterisation wusing anionic and cationic exchange resins, in
conjunction with DEAE-cellulose for removal of "humic" material. A
review /1/ has been completed of existing approaches for modelling
interactions between natural organic compounds and cations which has
refined the cobjectives for future model development.

PROGRESS AND RESULTS

Detailed results are not available at present.

D. REPORTS

/1/ Falck W E 1988. Modelling the interaction between natural organic
matter and metal cations : a review.

British Geological Survey Fluid Processes Research Group
Report No. WE/88/49, 62 pp. (DRAFT).
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Role o0f Coulloids in the Transport of Radionuclides in Geological
Formations

Contractors: UKAEA, Harwell, UK/CEA, Fontenay aux Roses,
France.

Contract No: FIIW/0204

Duration of Contract: from July 1988 to December 1989

Working Period: July 1988 - December 1988

Project Leaders: J D F Ramsay, A Billon

A, OBJECTIVES AND SCOPE

Recent research has emphasised the potential importance of colloids
in the migration of radionuclides from a waste repository into the
geosphere /1,2,3/. Thus, if radionuclides are associated with colloids
their fate may be different from that of simple ionic species in
solution. In particular, depending on the size and charge of colloid
species retention effects may occur due to filtration, or in contrast
there may be enhanced migration due to differences in flow mechanisms
and a reduction in the interaction with mineral surfaces.

Our objective here is to improve the understanding of the role of
colloids in radioactive waste disposal. This is being achieved firstly
by detailed characterisation of natural colloids derived from
groundwaters, typical of those in a granite geology proposed for waste
disposal, and secondly by investigating the interaction of natural and
synthetic colloids (as model systems) with granite surfaces which have
been characterised petrographically. This should provide an insight
into retention mechanisms and would lead to subsequent investigations of
the transport and hydrodynamic behaviour of colloids in these and other
geological systems. Here expertise and techniques developed at both
Harwell and Fontenay are being applied in a collaborative
investigation.

B. WORK PROGRAMME

B.1 Preparation and characterisation of synthetic colloids.
B

B

—

.1 Preparation of silica, iron oxide, alumina and humic materials.
.2 Characterisation by 1light scattering, electrophoresis and
electron microscopy.

.
—

B.2 Characterisation of natural colloids occuring in groundwaters.

B.2.1 Characterisation of host rock.

B.2.2 Characterisation of groundwater.

B.2.3 Characterisation of natural <colloids by 1light scattering
techniques, ultrafiltration and electron microscopy.

B.2.4 1Isolation of organic colloids.

B.3 Studies of radio-colloid retention processes:

B.3.1 Association (incorporation, sorption) of actinides and rare earth
elements with natural/synthetic colloids.

B.3.2 Interactions of <colloids with well <characterised mineral
surfaces.
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

The characteristics (size, concentration) of natural colloids in
groundwaters have been established by light scattering techniques
(static light scattering and photon correlation spectroscopy).
Investigations have focussed on samples from Grimsel and Fanay Augeéres
within the Co Co interlaboratory exercise. These techniques have
highlighted unforeseen artefacts which may arise during the collection,
concentration and storage of natural waters containing colloids. State
of the art equipment for photon correlation spectroscopy and
electrophoretic light scattering has been installed at Fontenay. This
has been used together with apparatus at Harwell in a detailed
characterisation of a range of humic acids.

Model colloids (silica, ceria, iron oxide) have been prepared and

characterised. The interaction of these colloids (ceria dispersions)
and pseudocolloids (ceria-coated silica) on mineral surfaces (mica,
untreated and prehydrated silica) has been studied. Preliminary

investigations using an ion beam technique (RBS) to establish the
different mechanisms involved in colloid retention are very promising.

Progress and results

1. Preparation and characterisation of synthetic colloids

Model colloids have been prepared for detailed investigations of
sorption and retention mechanisms (see 3). These include silica, iron
oxide (haematite) and ceria. These systems contain relatively

monodispersed particles with diameters of ~80 and 6nm respectively.
Colloidal silica particles containing actinide and rare earth tracers
(U(VI) and Ce(IV)) have also been prepared as 'pseudocolloid' analogues.
These systems have been characterised by light scattering and
electrophoresis.

2. Chracterisation of natural colloids occurring in groundwaters
2.1 Groundwaters

Light scattering techniques have been used to characterise
natural colloids derived directly from granite groundwaters from the
Grimsel site in Switzerland and from Fanay-Augeres, Massif-Central.
More detailed investigations have been conducted on humic acid colloids
extracted from the water of the latter site (B.1.1).

Based on static light scattering intensities (which are ~103cps
above background) it 1is tentatively suggested that particle
concentrations are 1019 particles dm-?. This value is broadly
comparable to that which has been reported for Grimsel water by others
using SEM and LPAS /4,5/. The Grimsel and Fanay groundwaters were
filtered through 1.0pm and O.lpm nucleopore polycarbonate membrane
filters. The 1.0um filter reduced scattering from the Fanay water to
background levels whereas for the Grimsel water a O0.lum filter was
necessary to produce the same effect. From photon correlation
spectroscopy (PCS) measurements values of particle translational
diffusion coefficients in the range of 10-%cm?s-! have been obtained,
corresponding to hydrodynamic diameters of 2 to 3um. Although the
polydispersity of samples has not been quantified, these values are
significantly larger than particle sizes derived from SEM (<lpm).
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This difference may be attributed to the presence of weak or
transient particle aggregates in groundw.ters, and hence indicates the
importance of in situ measurements. Cther artefacts which arise in
groundwaters on storage and concentration by ultrafiltration (where
colloids are retained on membrane surfaces) are also evident from light
scattering.

2.2 Humic Acids

Both static light scattering and PCS measurements on different
humic acid solutions are in accord and show evidence of aggregation of
smaller units in solution. This is evident from values of radius of
gyration (Rg ~100nm) on samples from Aldrich, Fanay Augéres and
Gorleben. About ten humic acid samples were studied by photon
correlation spectroscopy. They all contained a variable but always
significant amount of particles in the 50-200nm hydrodynamic equivalent
diameter range (Table 1). Such particles are absent in blanks and in
"synthetic” humic acid samples; they were isolated by ultrafiltration
and confirmed by scanning and transmission electron microscopy. The
influence of pH and ionic strength on the size of particles from a
number of HA samples was investigated, and found to be minimal.

The effect of increasing Ca(II) concentration on particle size
was remarkable. No variation was apparent up to a critical
concentration ([Ca] ~5x10-3 moldm-3), at which point coagulation
occurred yielding larger stable particles, or aggregates, with a size of
n2um as derived from PCS. This finding is significant because the
transport behaviour of metal humates will depend on the physical
properties of these larger particles.

Preliminary investigations of the electrophoretic properties of
humic acid scatterers indicate negative surface charge. Increasing
Ca(II) concentration reduced the absolute charge with no apparent
discontinuities at the precipitation discontinuity (Fig 1).

3. Studies of radio-colloid retention processes

The mechanisms of colloid retention on mineral surfaces have been
investigated using Rutherford back scattering (RBS) techniques /6,7/
using model colloids of ceria and silica coated with ceria as prepared
in Cl. Thus on contact with both mica and silica surfaces only
colloidal particulates of pure ceria are sorbed. The lack of any
retention with tle ceria coated silica particles can be ascribed to the
similarity between the negative charge of both colloid and mineral
surface which results in electrostatic repulsion. The same effect is
evident for both untreated and prehydrated amorphous silica. However,
it is evident from the RBS spectra for Ce that with untreated silica the
Ce0, colloids are only fixed on the very surface (adsorption) whereas
the depth extension is larger on prehydrated silica indicating possible
penetration into a gel layer at the interface. Deconvolution to obtain
quantitative depth profiles is underway and investigations are being
extended to iron oxide and silica colloids with presorbed uranium.
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TABLE 1 Average particle diameter (z-weighted) and scattered intensity
of humic acid samples

Sample Average Diameter (M,) (nm) / Scattered Intensity (kcounts sec~1)

non centrifuged centrifuged 5' centrifuged 30°'
Aldrich purified 123 / 492 122 / 495 110 / 415
Aldrich (Na salt) 129 / 533 141 /(711) 123 / 556
Lake Bradford 94 / 127 94 / 121 83 / 102
Podzol 246 / 769 181 7/ 651 156 / 474
Sediment 216 / 469 le4 / 367 138 / 295
Rendzine 340 / 172 330 / 116 125 / 58
Fanay 808 / 697 433 / 347 203 / 194
Gorleben 123 / 19 132 /7 16 72 / 11

non filtered filtered 0.45 um
# Mol Water 250 /(370) 143 /(147)

# Mol water has a humic acid content of about 200 mg/L, ionic strength
0.02 M (mainly due to NaHCO,), and pH 8.5. It was collected, filtered
and transported under rigorously anoxic conditions.

All other samples were prepared by dissolution of solid humic acids to
give: [HA} = 100 mg/L, [NaClO,] = 0.01 M, pH = 7.0.

Laser power was 0.5 W, except Mol water (0.15 W. Reported value is
normalized to 0.5 W). Observation angle is 90°,

Electrolyte scatter (6.3 Kcounts/sec) was subtracted.
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FIGURE 1. DEPENDENCE OF ZETA POTENTIAL OF PURIFIED ALDRICH HUMIC
ACID SOLUTIONS (pH 7) ON Ca?* CONCENTRATION.
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ASSESSMENT OF EXPERIMENTAL RESEARCH TECHNIQUES FOR THE
INVESTIGATION OF RADIONUCLIDE MIGRATION IN AQUIFERS

Contractor: GSF, Neuherberg, Federal Republic of Germany
Contract No.: FI1W/0210

Duration of contract: August 1988 - July 1990

Period covered: August 1988 - December 1988

Project leaders: P. Fritz, C. Wolfrum

A. OBJECTIVES AND SCOPE

Knowledge of the potential migration behaviour of radionuclides
from repositories in deep geological formations is a prerequisite for
the safety analyses of the entire disposal scheme. It requires detailed
information about geochemical processes and reactions which may be im-
portant if a given radionuclide is released and migrates from the dis-
posal site. Thus, much of the research which has to be undertaken con-
centrates on the geochemistry of selected elements. These investiga-
tions are usually performed as laboratory batch, column and diffusion
tests. The experimental conditions can then be strictly controlled and
varied with respect to a number of chemical and physico-chemical ef-
fects. The objectives of this work are to contribute to a better under-
standing of the transport behaviour of actinides as well as to present
a critical review of the different laboratory techniques used in migra-
tion studies. The experimental work is focused on the radioisotopes of
Tc, Eu, Pu, and investigates the essential influences on the transport
beshaviour and which are exerted by redox conditions, the formation of
complexes with natural humic ard fulvic acids as well as the formation
and/or presence of colloids.
In the initial stage of the project samples from the Gorleben site, the
planned German repository, are under investigation.

B. WORK PROGRAMME

1. The work was started with a literature study of sorption data
obtained from various experimental techniques in comparison with
own results and previous experience.

2.1 Samdy and clay sediments and corresponding groundwater samples
from Gorleben with extensive mineralogical, chemical and physi-
cal characterisation were selected.

2.2 Sorption data were obtained by batch and diffusion procedures
with special efforts to standardize experimental techniques (e.q.
preconditioning, phase separation).

2.3 Kinetic and eguilibrium experiments were started with Tc, Eu, Pu.
In addition Sr (simple chemism) and Zr/Nb (complex/colloid for-
ming properties) were investigated.

2.3.1 To assess the influence of different Eh conditions on the mobili-
ty of Tc, batch and diffusion tests are carried out using repre-
sentative samples from Gorleben.

2.3.2 Effects of nuclide sorption on colloids and colloid formation for
diffusion and sorption data are tested with tri- and tetravalent
ions (Eudt, zrdt).

- 216 -



C. PROGRESS OF WORK AND OBTAILNED RESULTS
State of advancement

Available practical experience from preceeding projects dealing
with samples from Asse, Konrad and Gorleben sites permitted the imme-
diate start of investigations using Sr, Zr, Nb. Preliminary tests with
Bu and Tc were undertaken and experiments with Pu have been initiated
at the beginning of 1989, Gorleben sediments and corresponding water
samples (listed in Table I with mention of depth and lithology) are
stored in a controlled atmosphere glove box (99% Ar with 1% COjp)
where as many as possible of the necessary manipulations will be
carried out. In well-known standard batch and diffusion procedures
sorption (Rs), desorption (Rd) respectively diffusion (D) coefficients
are determined. These experiments are performed under ambient atmos-
pheric conditions as well as urder reduced oxygen levels in solution.
Sorption/desorption behaviour is studied with respect to redox condi-
tions, pH aml contact time between solid and liquid phase at constant
temperature, solution volume to solid mass ratio and initial radio-
nuclide concentration. The central element of the project - the dis-
cussion about the dependance of sorption data on various experimental
techniques (column, batch, diffusion) - should based on the program
item 2 (laboratory studies) and therefore adjusted in the end of this
report.

Progress and results
2.1, 2.2 SEDIMENTS, GROUNDWATERS AND EXPERIMENTAL PROCEDURES

For attainment of a realistic geochemical equilibrium system it is
necessary to equilibrate snlid and liquid phases before the real sorp-
tion experiments. About 1000 g of the sediment were put into 2000 cm3
of corresponding groundwater, whereby the water samples were previously
filtered using 0.45 um cellulose acetate filters. The contact time was
about three months and the samples were storaged in darkness to prevent
photosynthetic activities. After this procedure the radionuclides of
interest (for Aetails see Table II) were added to these equilibrated
water samples. Aerobic tests were prepared under laboratory atmosphere,
anaerobic tests in glove boxes (0 content less than 0.1%).

2.3, 2.3.1 SORPTION EXPERIMENTS WITH REGARD TO KINETIC, EQUILIBRIUM
AND THE EFFECT OF REDOX CONDITIONS

A large number of sorption data were produced in a preceeding
project using material from the Asse for both oxic and anoxic atmos-
phere. Under oxidizing conditions Tc exists in solution as the anionic
species TcOZz, in the 7+ valence state and shows weak sorption on
geological materials (results: Rs = 0-2 cm3/g, RA = 0-5 cm3/g). Al-
though the reduced forms of Tc form a variety of slightly soluble or
cationic species, which consequently exhibit much lower mobility, in
our former investigations differences in the Rs/Rd values varied by at
most a factor 10 if compared with data obtained in the presence of oxy-
gen. Sorption/desorption behaviour of 929Tc was studied in seven 4if-
ferent sediment-groundwater-systems (sand, clay, marl) from the Gorle-
ben site (Table I) with respect to redox conditions (Eh), pH and con-
tact time at a constant temperature (2142 °C), V/m=2.5 cm3/g and ini-
tial 99Tc concentration of 107® mol/l. After an experimental time
of two months first results (Table III) show that within this time no
remarkable sorption of Tc was observed (Rs = 0.1-1 cm3/g, RAd = 0-1.6
cm3/g). Parallel 99Tc-batch-experiments with pyrites (FeSp), we
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performed under identical conditions in contact with water of high
salinity (Golly 1092), yield a strong sorntion (Rs = 840-1520 cm3/g,
pH = 4.5, electrical conductivity o = 35000 mS/cm). For four Gohy
systems diffusion experiments were performed under Ar-atmosphere. Dif-
fusion behaviour was investigated from spiked groundwater through un-
spiked samples into unspiked groundwater. Diffusion coefficients were
calculated from break-through curves (Ficks first law: Dg) and on the
basis of Ficks second law (Dpg). In Table IV diffusion coefficients
evaluated from both methods and hence following the sorption coeffici-
ents are compared.

2.3.2 SORPTION EXPERIMENTS WITH REGARD TO THE EFFECT OF COLLOIDS

Migration of colloid forming elements in natural systems is ex-
pected to be as fast as natural groundwater flow through aquifers not
considering possible mechanical filtration effects. Thus, colloids are
of special importance in a safety analyses. Here, experiments concen-
trated on Eu which constitutes as a model ion for the trivalent acti-
nide ions. Experiments were undertaken to study colloid formation in
groundwater under natural pH conditions by filtration (two examples in
Figure 1) and in parallel, under the same experimental conditions, at-
tempts were made to determine equilibrium values for sorption and de-
sorption of 152mu (Rs = 57-2385 cm3/g, R4 = 51-6210 cm3/g). In a
series of experiments the formation and behaviour of colloids are
investigated by using radicactive Zr, Mp and Eu compounds which are
added to natural groundwater samples in concentrations of 10-8 mol/1
(9521:, ]-52Eu) and 10710 mol/1 (95Nb) (see Table II). In fixed
time intervals small sample volumes were filtered through 0.45 and/or
0.22 pm. The decrease of the y-activity in the filtered in contrast to
the initial solutions indicates a time dependant formation of colloids.
Calculations with the computer code "Mineql" will be undertaken to
yvield information about the behaviour of Zr, Nb and Eu in the natural
GoHy water samples. However, substantial differences between calculated
and experimental solubilities were noted in some cases and require
further attention.

1. CQVPARISON OF DIFFERENT EXPERIMENTAL, METHODS

The central element of the project will be a discussion of the
dependance of sorption data on various experimental techniques (column,
batch, diffusion). As indicated above, chemical equilibration of sedi-
ments with corresponding waters requires substantial time and, there-
fore, not all experiments can be terminated within the present time-
frame. Where this is the case it will, nevertheless, be possible to
present preliminary results. In addition it must be noted that the
complex geochemical behaviour of Pu makes it difficult to compare di-
rectly the results obtained through different experimental methods. In
the case of Tc the behaviour was so far found to be that of ideal ele-
ments, because only weak sorption (no reduction) occurs and the diffu-
sion coefficients are in the same range as for Sr. Fu may exist in two
different species. As colloid with a usually negative charge it is ex-
pected to diffuse very fast because of negative charges on sediment
surfaces, although it may show some filtration effects, anmd as cation
the diffusion is influenced by sorption and ion exchange processes.
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TARLE I: SAMPLE DESCRIPTION AND SUMMARY OF REALIZED EXPERIMENTS
GoHy batch diffusion
sedi- | water|}litho- depth Tc Eu Pu Sr Zr Nb|Tc Eu Pu Sr Zr Nb
ment logy (m)
3 2131 |clay, | -14/-14.3 [x x x X X X |Xx X - X X X
silt
5 1281 | sand -45 X X X X X X|[|[- - - ~ = =
6 1281 |clay [-49.3/-49.6/x x X x X X |- - - - - -
8(1)| 1092 [marl -85.8 X X X X X X |- - - - - =
8(2)| 1281 |[marl -85.8 X X X X X X|- - x - - -
9(1)| 1281 |marl -109.5 X X X X X x|- - x - - -
9(2)| 1341 |marl -109.5 X X X X X X J|x x X X X X
13 1092 | sand -187.5 X X X X X X|[X X - X X X
17 641 | sand +3.9 X X X X X X|[Xx X X X X X

marl: calcerous boulder clay

TABLE II: DETAILS OF RADIONUCLIDES USED IN BATCH AND DIFFUSION TESTS
radio- | half-life |emis-| compound specific |added conc.
nuclide t1/2 sion activity (mol/1)

85gr 60 4 v |srcl, 100 GBg/g| 1078
95zr 65 d v (3) |2r(ox)) 90 GBg/g| 1078
95Nb 35 4 7(B8) [Nbp(0X)s 2 TBq/g| 10-10
997 2.1-10% | B  |NH4TcO4 630 MBq/g| 1076
152py, 12.4 a |v(B) |EuClj 140 GBq/g| 1078
238py 87.75 a| a |Pu0, (NO3)p 634 GBg/g| 10-10
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TABLE III: SORPTION (Rs)- AND DESORPTION (Rd) COEFFICIENTS FOR 29Tc IN
GORLEBEN SAMPLES UNDER AMBIENT (Eh:+280 to +570 mV) and
Ar-ATMOSPHERE (Fh:-180 to +245 mV)

GoHy ambient atmosphere | Ar-atmosphere
samples Rs/Rd (cm3/g) Rs/Rd (cm3/g)
4 < 0.1/0.4 0.2/0.5
5 0.1/0.2 0.1/1.2
6 < 0.1/ 0.1 0.5/1.6
8(1) 0.1/0.3 0.2/0.9
8(2) 0.1/0.4 0.7/2.7
9(1) < 0.1/0.2 0.5/2.0
9(2) < 0.1/0.3 0.05/0.3
13 < 0.1/0.3 0.5/2.4

17 < 0.1/0.4 0.1/0.5

TABLE IV: DIFFUSION (Dg/Dpg) AND SORPTION (Rs) COEFFICIENTS FOR
99Tc DETERMINED UNDER Ar-ATMOSPHERE

GoHy Dg/Drl§ Rs (cm3/g) |[Rs (cm3/g)
samples | (107° cm4/s) (diffusion) (vatch)

4 0.6/ - 0.3/ - 0.2
9(2) 1.0/1.0 0.02/0.02 0.05
13 1.2/1.5 0.6/0.8 0.5
17 1.1/1.6 0.3/0.5 0.1

- not evaluable
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FIGURE 1l: STABILITY OF 152Ey IN GOHY WATER 1281 (SEDIMENT 5) AND 2131

(SEDIMENT 4)
Co: radionuclide concentration added
c : radionuclide concentration after filtration by 0.45 am
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CHARACTERIZATION OF ACTINIDES, COMPLEXES AND COLLOID MIGRATION 1IN
GRANITE (EL BERROCAL)

Contractor: ENRESA, MADRID, Spain

Contract No.: FI1W230

Duration of contract: December 1988-November 1990

Period covered: December 1988-November 1990

Project leader: Julio Astudillo

A. OBJECTIVE AND SCOPE

The objective of the study is to characterize the migration processes
in a fissured granitic formation by means of in situ and comparative
laboratory experiments.

The studies will be conducted at El Berrocal uranium mine, located
in a granitic batholith of the "Sistema Central" of Spain.

After an extensive characterization of the El1 Berrocal batholith,
the natural migration processes of uranium from the intergranitic uranife-
rous veins and its desintegration products will be studied by sampling
and analysing the natural colloids and the groundwaters. The objectives
of this phase are to clarify the migration processes which have naturally
occurred, as well as the system explanatory model, so that the sensibility
of all different parameters involved in the radionuclides transport can
be elucidated.

Granite and fissure material samples will be used in laboratory
columns, under oxic and anoxic conditions, to investigate the migration
of uranium in fissures and its diffusion through the rock matrix. The
results will be compared with those of the in situ observations.

In parallel with the natural migration studies in the Berrocal,
stability complexes and colloids enalysis will be developed with natural
uranium-humic acid complexes obtained from uraniferous lignites.

B. WORK PROGRAMME

1. Characterization of the Berrocal granitic Batholith: Full geological
characterization; sampling from boreholes, galleries and mineralized
fissures; physical parameter and natural radionuclide analysis and
mineralogical and geochemical characterization.

2. Characterization of the 1liquid and colloidal environment: Sampling
and analysis for ionic and colloidal phase (filtration, dyalisis,
size distribution and in situ measurements of the physico-chemical
parameters.

3. Stability analysis of actinide humic acid colloids and complexes:
Isolation and characterization of uranium humic acids of other spanish
sites, detailed characterization and stability analysis.

4. Laboratory migration experiments: Development of column migration
apparatus, with preliminary experimentation, migration experiments
in oxic and anoxic conditions in rock matrix and fissures in several
physico-chemical conditions.

5. Data analysis using conventional models for chemical equilibrium and
transport, to compare laboratory and in situ migration results.
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C. PROGRESS OF WORK AND OBTAINED RESULTS
State of advancement
The site preparation work: 4 Km. of access road to the site, cleaning
of the existing gallery and excavation of 40 meters of new gallery into
the fresh rock, away from the mineralized zone, have been completed.
The tasks of the research work in progress are:
Characterization of the batholith near by the mineralized vein.
Set up of the analitic techniques for both the in situ and laboratory
measurements with respect to the sampling and characterization of the
organic and colloidal phases.
Stability analysis of the humic-organic complexes, starting by the
sampling of wuraniferous 1lignite deposits with different degrees of
metheoric alteration (oxidation), and the subsequent lixiviation of
the organic fraction and humic acids.

Progress and results
1. Characterization of the Berrocal site

Geology: The Berrocal is a calc-alkaline two micas granite (mostly
muscovite) stock. Microlyne crystals are also present. The grain size

is medium to coarse.

The Berrocal granite intrudes the adamellitic granite of the region.
It is cross-cut by an 80 meters wide by 20 Km. long aplitic dike, older
than the Berrocal granite.

Some leucocratic outcrops can be observed in the topographic heights
of the area.

Petrology and mineralogy: The mineralogical composition of the fresh
granite is: Quartz (35%), Plagioclase (31%), Potash Feldspar (27%), Musco-
vite (4%), Biotite (3%). The altered granite, near the mineralization,
shows a lower content in plagioclase and an increase in sericite (28%).

Geochemistry: The geochemical composition 1is shown in Table 1I.
The Berrocal granite may be classified in an alkaline peraluminic granite
or hipocalcic granite. The altered granite shows an increase in KO
and H,0* and a decrease in ONap content. With regard to trace elements,
the high content in Li confirms the highly evolved nature of this granite.
The altered granite presents an important increase in Ba and Zn and a
decrease in Li.

The geochemical background of wuranium (17,6 + 2,21 ppm, and 8,6
+ 0,8 ppm for thorium (U/Th ~ 1,80)

Near to the ore vein, the concentration of uranium ranges between
S and 17 ppm. The uranium lixiviation in the minerals is: 5-42% in refrac
tory minerals, 10-70% in clay minerals and 70-100% in iron minerals.

Tectonic: The remote sensing analysis of the =zone, supported by
field checking, shows a major system of fractures striking N1102, a less
developed N-S trending system, and a third one with N50Q to N70Q orien-
tation.

2. Characterization of the liquid and colloidal environment

The liquid phases characterization shows an uranium content of 100
ppb in the water 1in contact with the mineralization and 1 ppb in the
water of the granite not affected by mineralization. The uranium in
the water 1is present mostly as uranil carbonated complexes and also as
uranium hydroxides.
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3. Stability analysis of actinide humic acid colloids and complexes

The results of the characterization of the uraniferous 1lignites
sampled and the analysis of the humic acids lixiviated from those lignites
are shown in Table II.

4, Laboratory migration experiment
Permeability and porosity analysis have been done in samples of

granite taken in the gallery. The results of porosity obtained with
water, mercury and helium indicate two types of rock as related to the
degree of alteration. A systematic sampling of granite cores, 20 cm

long by 2 cm in diameter, has also been done to test the design of the
column migration experiments.
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TABLE I: BERROCAL GRANITE COMPOSITION
MAJOR FRESH ALTERED TRACE FRESH ALTERED
COMPON. GRANITE GRANITE ELMTS.| GRANITE GRANITE
(%) (%) ppm ppm
sio, 75,2 75,4 Ag =5 <5
ALO, 13,5 13,5 As 25 <25
Fe 0, 0,39 0,50 Ba 34 50
Fe O 0,69 0,52 Be <5 <5
Tio, 0,078 0,08 Ce 24 26,5
MnO <0,03 <0,03 Co <5 <s
MgO 0,16 0,38 Cr 17 15,85
CaO 0,48 0,40 Cu <5 -
K0 4,30 4,78 La 5,8 7,62
Na 0 3,3 1,82 Mo 5,2 5,04
PO, 0,26 0,29 Ni 5,7 5,07
S0, 0,03 0,02 Sr 5,8 8,58
Hzo+ 0,90 1,37 v 5,5 5,78
HZO— 0,27 0,52 W <25 <25
TOTAL 99,75 99,74 Y 6,5 7,7
Zn 89 135
Li 230 127
Zr 63 64
Rb 460 466
Th 8,6 8,9
U 17,6 18,4
TABLE II: BERROCAL LIGNITES COMPOSITION
HUMIC ACIDS
TYPE I TYP
COMPONENTS E II TYPE I
H O (%) 13,1 12,6
AShes (%) 48,1 45,0 11,24
S (SO . T) (%) <0,1 0,198
Volatile Components (%) 39,0 38,8
Fel*(%) 0,87 1,06
C total (%) 26,6 27,8 45,96
C organic (%) 25,5 26,8
CO3= (%) 5,5 5,5
S= (%) <0,1 <0,1
Cl™ (%) 0,03 <0,01
U (ppm) 1180 134 566, 7
pH 5,5 6,9

- 225 .




IMPROVEMENT OF COLIOTD SAMPLTNG TECHNTQUES IN GROUNDWATER AND ACTINIDE
CHARACTERTSATTON OF THF _GROUNDWATER SYSTFM AT GORTL.EREN (FRG) AND
F1, BERROCAT. (F)

Harwell Laboratory, UKAEA, UK
Contract No.: FT1W/0234/UK

Duration of contract: October 1988-March 1990
Period covered: October 1988-December 1988
Project leader: M. Ivanovich

Contractor:

A. OBJECTTVES AND SCOPE

The apparent radionuclide solubilities in groundwater may be enhanced
by their association with colloids, so that a realistic model for the
retention of actinides by a radioactive waste repository requires the
knowledge of the radionuclide loading of the geocolloids as well as the
extent of their transport through the geosphere. Ultrafiltration
techniques have been developed to collect groundwater samples in the field,
and their component phases, particulate, colloid and aqueous solution
phases. The research described hereafter is concerned with uranium studies

of natural colloids designed to quantify the
association'on the past and future migration
(FRG) and E1 Berrocal (Spain). The aims are

To sample natural colloids from several

effects of actinide/colloid
of radionuclides at Gorleben
as follows:

boreholes at the above sites

in collaboration with Technical University, Munich and ENRESA/CIEMAT
staff.

To characterize particulate, colloid and solute phases in terms of
their physical, chemical and actinide composition.

To use artificial colloids labelled by artificial radionuclides to
study in greater detail the uptake characteristics of the
ultrafiltering system used.

B. WORK PROGRAMME

Sampling and characterisation of Gorleben groundwater in terms of

1.
actinide inventory and physical, chemical characterisation of
geocolloids, with intercomparison exercise (Harwell/TUM).

2. Study of colloid uptake on tangential flow ultrafilters using model
colloids.

3. Characterisation of El Berrocal groundwater in terms of actinide
inventory and physical, chemical characterisation of geocolloids.

4. Active participation in CoCo club both in terms of defining future

actions and rarrying out future benchmark exercises.
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C. PROGRFSS OF WORK AND OBTATNFD RESITTS

Srate nf advancement

A field trip to the Gorleben site, FRG was carried out in the period
12-15 December 1988 in order to collect groundwater samples. Two boreholes
were selected for sampling on the basis that they represented extremes in
water chemistry, and had suitably high flowrates. Borehole 2227 had a high
organic content (~100 mg/T, DOC) while Borehole 1231 had a high chloride
content (7900 mg/L). Samples of unfiltered groundwater from a depth of
~130 m were collected in 50 L platinised aluminium barrels and samples of
aqueous colloid concentrate were obtained on site using tangential flow
ultrafiltration rigs (Amicon DL10LA and CH2PA) under anaerobic conditions
(N, + 1Z CO, atmosphere). Samples were returned to Harwell and Munich for
analvses.

Propress and results

1. Sampling and characterisation of Gorleben groundwater

A summary of samples collected is given in Table I together with an
indication of the analyses to be carried out. The analyses are currently
in progress at Harwell and Munich (TUM) and relevant measurements will be
subjected to an intercomparison exercise by the two teams in the early
spring 1989.
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TABLE T: SUMMARY OF SAMPLFS COLLECTFD FROM BORFHOLFS 2227 AND 123t IN
DECEMRER 1988 FROM THE GNRLFREN STTF WITH DETAILS OF ANATYSFS
TO BE CARRIED OUT AT HARWFIT
SAMPLE DESCRIPTION QUANTTTY ANATYSES
(litres)

Unfiltered source 100 Laboratory study

Unfiltered source 20 ush, 1CP, TOC, SFM, MOB,
PCS, LIPAS

Prefiltered (1 um filter) 20 1sSh

Colloid concentrate 20 usph, 1CP, TOC, SEM, MOB,
PCS, LIPAS

Colloid concentrate 1 uym-0.1 um 6 1Sh, SFM, TCP, TOC

Colloid roncentrate 0.1 pm=5.4 nm 4 1sn, SFEM, ICP, TOC

Colloid concentrate 5.4 pm-1.5 nm 6 1'SD, SEM, 1CP, TOC

Ultrafiltrate 20 nsp, ICp, TOC, SFEM, MOB,
PCS, LIPAS

UInfilrered 5 222Rn and 226Ra rontent

Prefiltered 5 222Rpn and 22¢Ra content

USD = Uranium series disequilibrium measurement (1I/Th isotopic ratios)

ICP = Tndurtively coupled plasma optical emission mass spectrometry

TOC = Total organic carbon

SFM = Scanning electron microscopy

MOB = Colloid charge/mobility configuratinn by electrophoresis

PCS = Photo correlation spectroscopy

I.IPAS = Taser inducred photoacoustic atomic spectroscopy
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4.3.8B. In situ migration experiments and development of
measuring techniques
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IN SITU DETERMINATION OF THE EFFECTS OF ORGANICS ON THE
MOBILITY OF RADIONUCLIDES IN CONTROLLED CONDITIONS OF

GROUNDWATER EFLOW
Contractor: British Geological Survey,
Keyworth, Nottingham
Contract No: FI-1W-0064 (UK)
Duration of Contract: from July 1986 to June 1989
Period covered from January to December 1988
Project Leader: G.M.Williams

A. OBJECTIVES AND SCOPE

The broad objective is to verify by means of in situ field
tracer tests, predictions of the mobility of radionuclides in
a shallow glacial sand aquifer, having taken into account the
potential effects of organics (natural and introduced) on
radionuclide speciation and mobility. The results will be used
to improve the prediction of radionuclide migration in the
geosphere and the overall safety assessment of waste disposal
facilities. Liaison has been established with Loughborough
University (LUT) for direct speciation measurements, the
University of Wales College of Cardiff UWCC (formerly Institute
of Science and Technology (UWIST) for radionuclide speciation
modelling, and Delft Geomechanics for solute transport
modelling.

B. WORK PROGRAMME

(1) Aguifer characterisation and instrumentation - Involves
the determination of aquifer hydraulic properties, its
geochemistry, mineralogy and groundwater composition,
particularly the nature and amounts of natural organics
(humic and fulvic acids) and colloids.

(2) Characterisation of complexes and colloids -
interlaboratory comparison within the CEC, to
characterise, and determine stability constants with
selected radionuclides, for commercially available humic
acid and natural organics

(3) Laboratory sorption studies - includes various sorption
experiments to determine the effects of natural organics
on radionuclide sorption, kinetic measurements, and direct
speciation determinations of radionuclide complexation in
groundwater after equilibration with the sediment.

(4) Modelling - Speciation models will be used to predict the
speciation of radionuclides in the sorption experiments
and help to determine the important mobile species in the
field test.

(5) Eield tracer experiments - initial tracer tests will
compare conservative tracers (1311, Cl, and 3H) Subsequent
tracer tests will involve reactive radionuclide species
with organic solutes.
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C PROGRESS OF WORK AND RESULTS OBTAINED
STATE OF ADVANCE

Phase 2 of the work involving field tracer tests has continued
with a second experiment using !3!I and 3H. Natural organic
material has been extracted from Drigg groundwater but < 1 g
has been isolated. Work 1is progressing to extract a much
larger sample for distribution to the COCO participants for
characterisation.

PROGRESS AND RESULTS
(1) Aquifer characterisation and instrumentation (B1l)

The 1311 and 3H test was performed satisfactorily using an 1In
situ g detector attached to a winch controlled by a IBM-PC.
Comparison between multilevel samplers (which sample a small
volume of aquifer) and the in situ g detectors (which are
very sensitive and "see" a large volume) indicate the effect
of the sampling device on the form of the breakthrough curve
(BTC). The in situ g detector imparts a wide dispersion on
to the BTC and collimation is necessary to reduce the size of
the detection field. Two additional wich systems are now
being developed along with borehole collimation.

(2) Complexes and colloids (COCO excercise, B2)

A large volume of water (325 1) removed from the array has
yielded 60 mg humic acid and 800 mg of fulvic acid (FA). This
is equivalent to a recovery of about 60% of the TOC in the
water. Ultra filtration of the Drigg FA and GOHY HA shows
that 80% of the FA and 67% HA is retained by a 10,000 Dalton
membrane contradicting the idea that FA is generally smaller
molecular weight than HA. 97% of Drigg FA and 99.5% of GOHY
HA were rejected by a 500 MW membrane. In both cases the
ratios of measured uv absorbance at 300 and 254nm were
maintained before and after filtration, suggesting that the
filtrate and retentate were materials of similar structure. A
further anomaly was provided by work with oven dried Drigg
fulvic acid - on redissolution 52% of this material passes
through a 10,000 Dalton filter. Work 1is progressing to
evaluate other methods for extracting natural organics using
XAD and other resins, and ultra filtration extracts are being
characterised by HPLC with UV absorbance monitored by a
photodiode array detector.

AERE Harwell have sampled Drigg groundwater for colloids using
dia-ultrafiltration and a report on thsi work was presented
at the MRS conference in Berlin Oct 88 (Longworth et al.)

(3) Laboratory sorption studies (B3)

Cobalt migration has been studied in small-scale laboratory
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columns designed to provide a controlled intermediate test
between laboratary batch and field tracer experiments. In
particular the columns provide data on the stability of the
cobalt- FA complex in order to demonstrate the feasibility of
utilising cobalt in a field tracer test, as well as to
validate Ry values estimated from batch sorption experiments.

The Co was pre-equilibrated with the groundwater concentrated
to x 10 by rotary evaporatiocn. Only 6% of the input cobalt
concentration was recovered compared with 76% of the iodine.
At the end of this experiment the column was sectioned and the

core segments analysed; the cobalt concentration in the
sediment was found to decrease almost exponentially from the
input. Assuming that only uncomplexed cobalt, as Co?*, is

sorbed by the sediment, and that the rate at which the
cobalt-groundwater complex dissociates controls the rate of
production of uncomplexed <cobalt, the sorbed cobalt
concentration gradient along the column should be a simple
function of the dissociation constant for the groundwater
complex and the solute transport velocity. Initial estimates
for the rates of complex dissociation, are very fast, and
greater than those obtained from individual batch kinetic

experiments. It is thought that the difference in rates
between khatch and column experiments may be a reflection of
the differing solid:solution ratios. 1If the rates of complex

dissociation estimated from the BGS column experiments are
correct and the sorption coefficient for Co?* is of the order
of 200ml/g, it would take about 8000 hrs (i.e. about one year)
before cobalt was detected at the nearest sampling point in
the field array although a very low peak of Co-FA complex (4%
of initial concentration) would be expected after 10 hrs. This
rate of transport would make a fully-manned field experiment
imprtactical. As a result, column experiments are now in
progress with a Co/EDTA complex. Initial results show that the
free EDTA elutes with a slight retardation compared with 3H
but that the Co-EDTA complex is retarded by a factor of about
8. EDTA alsc complexes with other cations (Ca, Mg, Fe) and
the mobility of these complexes is also similar to Co-EDTA.

Work with Loughborough University has progressed using
Sephadex gels to develop non-invasive techniques to separate
bound from free radionuclides in Drigg groundwater. Chemical
analysis of uv-absorbing fractions collected during Sephadex
separation has been completed using ICP-OES and IC. Samples
of 10x concentrated groundwater eluted from Sephadex G10,
corresponding with the uv-absorbing peaks at 210nm, have been

analysed for major inorganic species. The Sephadex gel
excludes larger ions and complexes so that the larger ions are
eluted prior to the smaller. In order of elution the uv

absorbing peaks were found to correspond with (i) sulphate at
130mg/1, cf. 25mg/l in the input 10x concentrated groundwater,
together with minor Ca, Sr, Mg, Ba and Mn; (ii) chloride at
140 mg/l1 (32 mg/l input) and sodium at 40 mg/l (25 mg/l
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input), together with major amounts of Ca, Sr, Mg, Ba and Mn,
probably as chloro-complexes; (iii) silicon at 8 mg/l (2mg/1l

input) ; (iv) sodium at 60 mg/l (25 mg/l input) and (v)
potassium at 6 mg/l (1 mg/l input). The second sodium peak at
(iv) probably corresponds to the free ion. Iron

concentrations were below the analytical 1limit of detection
(ca. 0.01 mg/l) in all of the samples and TOC/TIC
determinations are awaited. The major cobalt peak resolved by
Sephadex G110 1lies at the uv peak (ii). Further work is
planned using G15. Further consideration had also been given
to the species separated by G15 which resolves the cobalt
(gamma) spectrum into two main peaks, rather than into a peak
and shoulder as seen with Sephadex Gl0. Studies have also been
undertaken into the effect of temperature and pH on Co
sorption. The rapid loss of Co complexing ability in Drigg
groundwater at pH < 6 suggests that the binding may be due to
a weak electrostatic surface interactions rather than true
chemical complexation.

4. Modelling (B4)

Geochemical modelling of Drigg groundwater has been undertaken
jointly by BGS/ UWCC. The results show (a) most of the
non-transition elements will be present as free ions; (b)
most of the trace elements are predicted to be present as CO;=

complexes; (c) CaCO; will not be oversaturated in the pH
range 5.5-8.0 although Fe(OH), precipitation is predicted at

high pH. The switchover point from Fe?* as the dominant
solution species occurs between pH 7 and 7.5, above Eh +170mV,
when Fe (OH);° becomes the major solution species, and

precipitation of amorphous ferric hydroxide becomes possible;
(d) the only other element which may change speciation over
the pH and redox range of 5.5 to 8.0 and -150 to +250mVv
respectively, 1is sulphur, althocugh sulphate is most likely to
dominate the solution phase. Modelling cobalt speciation in
Drigg groundwaters using preliminary pH (from 7.0-8.5) and Eh
(from -150 to +200 mV) data from pumping tests in the array
suggested that under natural conditions (pH 6.8-7.2) about 98%
of the total cobalt would be present as Co?*, with about 2% as
CoS0,°. From the standard potential of the Co(III)/Co(II)

couple it can be predicted that below +180 mV less than 1% of
the cobalt would be present as Co(III) species, if no organics
were present. This predicted speciation would be virtually
unaltered by the addition of 10-1°M EDTA at a cobalt
concentration of 10°°-10-1°M. A review of modelling cation
interactions with humic compounds has been produced by BGS.

Solute migration in the tracer test has been analysed using a
one-dimensional simulation of an exponential decay source,
formulated by Van Genuchten and Alves. Type curves had been
generated for various Peclet numbers, and R* values, where R*
is a function of tracer source decay rate, retardation
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velocity, distance and dispersion length. The breakthrough
data at various sampling points have been visually fitted to
the type curves to give characteristic solute velocities and
dispersion lengths. These showed that the longitudinal
dispersion values of D, ranging from 5 x 1072 to 1 x 1073 m.

None of the breakthrough curves, even in the main flow path,
showed peak heights comparable with those predicted by the
one-dimensional model, suggesting that tracer 'loss' 1is
occurring due to lateral dispersion. This shows that a
one-dimensional model does not describe the observed solute
migration behaviour adequately, and that account must be taken
of dispersion transverse to the direction of flow.

5. Tracer tests (B5S)

Following a tracer test with non active chloride a second
tracer test has been performed using 131 and 3H under exactly
the same hydraulic conditions. Results show that 1311 moves
approximately at the same rate as chloride although the
detection of the latter was associated with much more scatter.
3H however was slightly delayed relative to the 131I.

It is proposed that the next tracer test will be carried out
using Co-EDTA complex since sorption work with Eu, Np, and U
show that these elements are still strongly sorbed under most
conditions studied, and suitable short lived isotopes are not
available. Other organics derived from cellulose breakdown
are also being considered in addition to acetate and EDTA, to
determine wheteher they will significantly affect radionuclide
mobility and may be considered in a future field tests
although this would have to be the subject of a new proposal
to CEC/DOE.

D REPORTS

A large number of reports are in the state of advanced
preparation. :
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Warwick P, Shaw P, Williams G M and Hooker PJ, 1988.
Preliminary studies of cobalt complexation in groundwater.
British Geological Survey Fluid Processes Research Group
Report No.WE/88/12.

Peachey D and Williams G M, 1987. Characterisation of humic
material for inter-laboratory comparison. British Geological
Survey Fluid Processes Research Group Report No. FLPU 87-5.
19pp.

Wealthall G P, Hallam J R and Williams G M, 1988. Design and
installation of a borehole array for radiotracer experiments
at Drigg. British Geological Survey Fluid Processes Research
Group Report No.WE/88/17. (DRAFT)

West J M, 1988. The influence of microbial activity on the
degradation of Acetate and EDTA. British Geological Survey
Fluid Processes Research Group Report No.WE/88/19. (DRAFT).

Haigh D, Williams G M, Hooker P J, Ross CAM, 1988. The
influence of organics on the sorption of cobalt by glacial
sand in laboratory batch experiments. British Geological
Survey Fluid Processes Research Group Report No.WE/88/20.
(DRAFT) .

Falck W E 1988. Modelling the interaction between natural
organic matter and metal cations: a review. British Geological
Survey Fluid Processes Research Group Report No.WE/88/49,
62pp. (DRAFT) .

Falck W E, Quinn G W, Duffield J R, Williams DR, 1988 Chemical
speciation modelling studies on groundwater in a shallow
glacial sand aquifer. PART 1: General principles. British
Geological Survey Fluid Processes Research Group Report
No.WE/88/48, 25pp +appendices (DRAFT)

Higgo J J W et al, 1988. The influence of organics on the
sorption of Np, Eu, U, I, Sr, and Cs by glacial sand in
laboratory batch experiments. British Geological Survey Fluid
Processes Research Group Report No.WE/88/ . (DRAFT).
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Title : DEVELOPMENT AND APPLICATION OF A RETENTION PROPERTIES MEASUREMENT
SYSTEM IN A GEOLOGICAL ENVIRONMENT USING RADIOCACTIVE TRACERS 1IN
THE DRILL-HOLE (self-contained probe FORALAB)

Contractor : CEA/IPSN CEN CADARACHE
F 13108 St. Paul-lez-Durance

Contract No. : FI1W/065

Working period : November 1986 - November 1989

Project Leader : J. PORCHERON

A. OBJECTIVES AND SCOPE

Radionuclides from a subterraneous waste storage place have to force their
way through, and interact with, several barriers prior to reaching the
geological medium itself.

They are diluted by the suberraneous water which, by modifying their chemical
structure, settles them into a final balance with the medium.

The purpose of this study is to determine the delay term of the radionuclides
during their migration through the deep geological environment.

It became evident that it was preposterous to attempt in-laboratory
duplication of the prevailing parametric conditions of the natural medium,
whether physical, chemical or biological.

To avoid the uncertainties connected to laboratory experiments, the probe
"FORALAB", whose performances had already been ascertained during the
preceding contract (WAS 377-83-7), was developed to permit studying the
radionuclide sorption-desorption phenomena in a geological environment in a
condition of equilibrium with undisturbed subterraneous waters.

The probe need not simulate the environment as it is plunged into it.

The contract scope is the "in-situ” qualification of the probe, using a dual
tracing system, i.e. Tritium and Eu on the one hand, Pu and Np on the other
hand.

The probe will then be operated in 3 geological sites, of some interest for
the Community, i.e. AURIAT (granite), MOL (clay) and GORLEBEN (salt), in
order to assess the containment properties of these environments,

The probe is essentially composed of a pump, a syringe, a 20 mm dia., 200 mm

long test column and 40 sampling pots. Its double insulation is a safety
against drill-hole pollution.
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B. WORK PROGRAM
Bl. Probe Qualification

The probe will be checked for performance in the hole drilled in the
granitic site of AURIAT.

The column, filled with Fontainebleau sand, will be traced by means of
Europium and Tritium.

The drill-hole water will be circulated in the column for one day before
the tracer injection.

B2. Tests on the Reference Sites

The tests will be performed in the deep holes at AURIAT, MOL and
GORLEBEN.

The columns will be filled with a mixture of Fontainebleau sand and 1 to
3 % clay from the site.

The radionuclides used will be am, Pu and Np.

Each column will be Tritium-calibrated before each individual test.

B3. Finally the results from each individual test will be mathematically
processed to yleld the delay terms and the adsorption isotherms of each
pollutant used.

C. WORK PROGRESS AND RESULTS OBTAINED

Cl. Work progress

The development of the probe will be continued in_situ in order to
resolve the many problems associated with the behavior of certain
constituents which enabled the probe to operate for several hours but not
for sixty. The following modifications were carried out: an automatic
degassing system was fitted to the pump, the solenoid valves were
changed, a radiator was fitted and the instrumentation and control was
modified in order to make the probe independent of telluric interference.

The probe is now operational.

Injection tests into a column of Fontainbleau sand showed that the
Europium Oxide remained in the head of the column.

The characteristics of the columns filled with unweathered, crushed
granite were established in the laboratory.

C2. Drawings

The unweathered, crushed granite tests will be carried out in 1989.
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FIELD VERIFICATION OF ADVANCED TRANSPORT MODELS FOR RADIONUCLIDES IN
HETEROGENEQOUS SOILS

Contractor : Delft Geotechnics, Netherlands

Contract No. : FI1W/0083-NL

Duration of contract : from march 1987 to december 1989
Period covered : march 1987 to januari 1989

Project leaders : Dr. Ir. M. Loxham, drs. W. Visser

A. OBJECTIVES AND SCOPE

The retardation of contaminants by adsorption on soil components
such as clay and iron oxides is usually the most important mechanism
that has to be taken into account when making the safety assessment of a
toxic landfill, be it of radioactive components or other chemicals. The
mobilisation of the retardation capacity in any given soil profile is
not only a function of the mass of adsorption sites but also of the
availability in the flow situation considered. In other words, the
effective retardation capacity is a function of the structure or
heterogeneity of the soil on the length scales relevant to the problem.
Earlier studies by the present researchers, supported in part by the EEC
(phases I and II) have demonstrated the key importance of these
phenomena both theoretically and at the bench scales.

The objective of this study is to verify the concepts developed in
the earlier programs at a field scale using the data generated by the
communities investigation conducted by the British Geological Survey
(BGS) at Drigg in the United Kingdom. Whilst the study is directly
related to the problems associated with the geosphere safety assessment
technologies for the shallow burial of low level radioactive waste, the
problem definitions, solution methodologies and problem solving
experience are directly applicable to all toxic waste and contaminant
migration studies.

B. WORK PROGRAM

I. Data collation and critical review.

II1. Predictive modelling of the field experiment

II.1 Calculations at level 1 (Homogeneous Approximation)

IT1.2 Calculations at level 2 (Stratified Approximation)

II.3 Calculations at level 3 (Fully determinate case)

III Evaluation of the Modelling Exercise

II1.1 Inter-model level comparison

I1I1.2 Comparison with the results obtained from the Drigg experiments
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C. PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

Owing to some initial startup problems at the test site at Drigg,
field data from the BGS only became available to Delft Geotechnics in
the course of 1988. At a request from Delft Geotechnics an extension of
the duration period of the contract with 1 year (till 31-12-1989) has
therefore been granted by the Commission. At this moment data on
geological stratification, site layout, near- and local field
permeability and porosity distribution are available. Tracer-test data
with chloride are also available. After critical review the data in our
possession have been used for first and second level calculations for a
conservative tracer. Comparision of the results of the first calculation
with the chloride tracer test results indicate that the scale of the
experiment at Drigg is not optimal for meeting the original objectives
of the study. Presently a meeting is being set up between BGS and Delft
Geotechnics in order to discuss the possibility of optimising the tracer
array with respect to reaching the original goals of the project.
Possibly some of the objectives will have to be altered, of course in
close consultation with the Commission.

progress and results
I. DATA REyIEW
Available data can be grouped into 4 types:

- data on hydrogeologic setting and system dimensions.

- data on soil properties.
- data on flow conditions during tracer test
- data on tracer injection and breakthrough

The tracer array is situated in a thin sand aquifer wedged in between
glacial till deposits. The system can therefore be considered as
confined. Measured groundwater heads under undisturbed conditions show
there's normally virtually no groundwaterflow. The dimensions of the
system are given in Figure 1.

Main soil properties of interest with respect to groundwater flow and
transport of non-adsorbing (conservative) tracers are permeability and
porosity distribution. Besides content of clay, iron oxide and organic
matter are key parameters if adsorbing tracers are considered.
Permeability is known on a near field scale (5 - 10 m from the array) at
three points. This gives some idea about lateral distribution of mean
aquifer permeability. Furthermore the vertical distribution of the
permeabilities is known at two points about 2 m from the actual tracer
array. Averaging local permeabilities at these two points gives a value
of mean aquifer permeability which is well within the range of measured
avarage aquifer permeabilities at the near field scale. Local and near
field permeability distributions are reflected in Tabel I. The vertical
porosity distribution is measured in the tracer array. There's only a
relatively small variation. Mean aquifer porosity is 31.6 % (n=8,
s=2.73 %). At the moment there's no information on content of clay,
organic matter and iron oxides.

During the tracer test pumped volumes and groundwater heads were

monitored. Using these data the Thiem-Dupuit's well formula was used to
optimize with respect to the mean transmissivity of the aquifer in the
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sphere of influence of the test. This gave a mean permeability of
7.9%10-¢ m/sec, which is well within the range of the other measurements
(Table I). The calculated heads gave a good fit with the measured heads.
It showed that between tracer injection and furthest multi level sampler
(m.1l.s.) a constant gradient can be assumed (Ah/Ax=0.27).

Tracer injection was monitored by cloride concentration measurements in
the tracer injection well. Breakthrough of chloride was measured at 3
multi level samplers (for position see Figure 1). At each multi level
sampler groundwater samples were taken at 12 levels at a certain time
interval and analysed on cloride. Average breakthrough was not
monitored. The radioactive tracers will be monitored directly by way of
gamma-probes.

II. PREDICTIVE MODELLING OF THE FIELD EXPERIMENT
II.1 Homogeneous approximation

Using a best parameter estimate the breakthrough of chloride was
simulated analyticaly /1/ as well as numericaly /2/ (Tabel II). The
results are shown in Figure 2. The agreement between numerical and
analytical results is good.
II.2 Stratified approximation

To check whether the top and bottom clay layers are of any concern
for the tracer migration behaviour an analytical solution /3/ was used
which assumes only convection in the sand and only diffusion in the
clay. Dispersion in the sand is not considered. Due to the higher rate
of convection in the sand compared with diffusion in the clay the
results showed no influence of the clay on the calculated breakthrough
curve. For the given flow regime influence of the clay will only become
significant with tracers which show a very strong adsorption behaviour
on clay. Checking the use of fissure models /U4/ as a meaningful approach
in risk assessment of a toxic waste dump or shallow burial site using
data from the current tracer test setup will therefore be impossible. In
a second approach only the sand aquifer was considered. The system was
modelled as a series of horizontal strata with different permeabilities.
Because there is no information on the vertical permeability
distribution in the line of the tracer array itself the information had
to be obtained by way of interpolation between two points at some
distance from the array. Calculated chloride breakthrough was generated
at the position of the different minifilters.

III. EVALUATION QOF THE MODELLING EXERCISE

III.1 Inter-model level comparison

Using the stratified approach also an avarage breakthrough curve
was generated. This is compared with the homogeneous approximation in
Figure 3. The effect of preferent migration through the two most
permeable layers is evident, which indicates the shortcomings of the
homogeneous approximation in this case. At this stage the database is
not sufficient for attempting a fully determined approach.

II1.2 Comparison with the results obtained from the Drigg experiments
Unfortunately the avarage breakthrough was not monitored during the
experiment so it is not possible to compare the homogeneous calculations
with field measurements. For port 10 the calcultated breakthrough of
chloride in the stratified approach is compared with the measured
breakthrough (Figure 4). Considering the uncertainties in measured
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Title : IN-SITU STUDY OF RADIONUCLIDE DIFFUSION IN CLAYS BY MEANS OF THE
AUTOLAB PROBE

Contractor : CEA/IPSN CEN CADARACHE
F 13108 St. Paul-lez-Durance

Contract No. : FI1W/0144

Working period : January 1988 - July 1990

Project Leader : J. PORCHERON

A. OBJECTIVES AND SCOPE

The storage of nuclear wastes in a deep geological formation calls for that a
dependable knowledge of the site safety is gained. Significant data on the
radionucléide diffusion throughout argillaceous materials should be acquired
by in-situ observations and measurements in a drill-hole, provided that the
conditions of the receptor environment are safeguarded.

In the field of the in-situ measurements, two families of instrumentsl
presently exist or are under development

a) Equipment making it possible a direct measurement of the environment
characteristics, such as pH, Eh, catt content, temperature, radio-activity,
resistivity. Those probes make it possible to obtain a logging of the
previously-mentioned parameters in a drill-hole. A drill-hole chomatography
probe, for the indirect measurement of chemical elements present as traces in
the drill-hole, is presently being developed.

b) The second class of probes is related to the experimentation in a drill-
hole to obtain the velocity of radionuclide migration in the fourth barrier.
The velocity of the water which is the vector of the radioactive pollution
may vary in wide proportions.

First, there is the domain of the convection-disperson which is that of the
FORALAB probe presently used, second, the domain of the diffusion where the
very slow progress of the phenomena requires that the in-situ experiment
complies with special specifications.

c) Representativeness of the in-situ experiments

The representativeness of the in-situ tests is related to the drill-hole
water characteristics because, as the hole is being drilled, water is used
which is entirely foreign to the environment. Moreover, the hole may also
fill itself with water from a higher-lying water table.

From the chemical point of view, however, as chemistry is the criterion for
the radionuclide condition, an equilibrium is gradually gained between the
foreign water and the geological environment with which it is in contact.
There are two phases in the drill-hole, viz. the solid environment which is
"in excess" and the water ; the equilibrium is reached by dissolution, the
solid environment acting as a buffer.

1 CEA/IPSN - Cadarache Centre.
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B. WORK PROGRAM

Bl. AUTOLAB 1is a probe designed for measuring the delay term of the
radionuclide in-situ in the drill-hole clays.

B2. Specificity of the AUTOLAB probe

The probe is designed for diffusion measurements, which entails particular
characteristics for grappling the slowliness of the phenomena.

The specification data required from the probe are as follows

- operability in a drill-hole without time 1limitation (in practice,
6 months),

- complete autonomy, no supervision, no power feed,

- good exchange between the drill-hole water and the inside of the probe
under static conditions (no pump operating),

- no pollution of the environment,
B3. Description of the probe (Fig. 1)

The probe is composed of a reaction chamber, of 5 1. capacity (65 mm dia.,
1500 mm high), capable of containing 10 samples (approximately 10 mm dia.,
50 mm high).

The tracer is contained in a glass bulb which will be ruptured by a weight
(messenger) sliding along the carrier cable.

The reaction fhamber may be put in communication with the drill-hole by
windows (36 cm® surface) which may be actuated using the drill-hole pressure.
It suffices for this to lower the probe by a few meters, which acts upon a
hydraulic valve held closed by a spring set at a pressure corresponding to
the drill-hole depth ; the valve, when opening, permits the action of the
hole water on a piston opening or closing the windows.

B4. Experiment

The probe will be used for measuring the in-situ migration of radionuclides
in clays.

a) Equilibrium stage

In a first stage the argillaceous material samples (in 10 mm dia., 50 mm high
tubes) are left to come into an equilibrium with the drill-hole water. The
water diffuses into the material ; a diffusive front of equilibrium is formed
and will slowly progress for several months.

b) Experimental stage
When the foregoing stage 1s completed, the windows pget closed, the tracer

(double tritium-lanthanide or actinide marking) is released from the glass

bulb using the messenger (this also puts an electric cell-driven agitator
into action).
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The tracers are diffused into the clay. A second diffusion front is
formed, offset with respect to the first one and propagating in a zone
already settled to a chemical balance with the drill-hole water.

B5. Tests planned

- Qualification of the probe on the AURIAT site.

Samples are selected with various sand contents and various natures of
argillaceous materials.

The tracers will be Tritium and Europium.
The experiments will take place:

in the granitic site of PARTENAY,

in the saline site of GO RLEBEN,

in the argillaceous site of MOL.

Use will be made of Tritium, of an actinide or, if unavailable, of a
lanthanide.

The number 'and composition of the samples will be determined for each
particular case, filling materials may be used, as necessary.

C. WORK PROGRESS AND RESULT OBTAINED

Cl. The probe was successfully tested at Auriat (Limousin, France) in
December 1988. All the sequences were used. Given the simplicity of the
probe, we can reasonably expect that the final design will be perfected

with few if any problems.

C2. Drawings

An experiment in an argillaceous site will be carried out in March 1989
on a drilling kindly made available to us by CCR ISPRA (Italy).
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In-situ determination of the macropermeability of a clay formation in
view of assessing leakage and mass transfer in a deep
argillaceous formation

Contractor : SCK/CEN, Mol, Belgium
Contractor No : FI1W/0145-B

Contract period : July 1987 - December 1989
Period covered : January 1988 - December 1988
Project leader : A. Bonne

A. OBJECTIVE AND SCOPE

The objective of the experiment is to determine "in-situ" the
permeability of a clay formation at the mesoscale, the overall
permeability of an argillaceous host formation at that scale being an
extremely important parameter for the 1long-term and short-term
performances of a geological disposal concept. The experiment is of
particular interest because it will be performed into the Boom clay
formation. The permeability of this formation is determined on the
regional scale as well as on the hand specimen scale, and it is expected
that, from this macropermeability test, the relevance of possible
heterogeneities and discontinuities will be detected.

. WORK PROGRAMME

1. Design of the experimental set-up and development of research model
2, Emplacement of the experiment

.3. Operation of the experiment
4
5

. Model validation
. Final interpretation and restoration of the experimental location
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C. PROGRESS OF WORK STATE AND OBTAINED RESULTS

State of advancement

Due to reallocation of research resources within the broader
activities of SCK/CEN, the research power to be all located for this
particular experiment was temporarily suspended. A reexamination of the
proposed dimensions of the experiment and an assessment of the profit to
eventually combine the proposed macropermeability experiment with other
tests or experiments (e.g. the planned gallery heating test) is becoming
evident and are to be foreseen. For the period covered and since the
initiation of this particular experiment only efforts devoted to this
experiment concern the dimensioning and the development of a specific
research model for it.

Progress and results

A concept that has been evaluated up to now consist of a large
borehole lined with a metal tube, having a length of 10 m and is to be
emplaced into the clay near to the N-end of the HADES laboratory along a
horizontal direction. In order to avoid the zone where the clay might be
strongly influenced by a freeze/thaw cycle of the construction procedure,
the screened length should start 5 m behind the gallery lining, extending
over 5 m in the clay formation. The total screened surface is about 5 m3,.

To be able to estimate an optimal emplacement of the pressure gauges
surrounding the experiment, the expected distribution of the
potentiometric heads in the surrounding of such a drain has been
simulated by the METIS-code. In this simulation of course, the actual
pressure field, that is strongly determined by the small vertical
exploratory shaft, has been taken into account.

Several alternative simulations have been evaluated by varying the
permeability of the clay or the dimensions of the drain.

It was calculated that, regardless of the configuration (i.e.
dimensions of the drain, applied boundary conditions) or the admitted
permeability, the pressure sensors should be installed at distances of at
least 0.05 m, with intervals of about 0.1 m. Previous experiences
however indicate that such a small spacing is quite unrealistic and very
difficult to be realised because of difficulty to control deviations in
the drillings.

On the other hand, permeability has a decisive influence on both the
time needed to obtain a steady state regime and on the total discharge
rate expected (see table below).

TABLE I. INFLUENCE OF CLAY PERMEABILITY ON DISCHARGE RATE AND DURATION OF
TRANSIENT REGIME

a)

K transient regime Q

(m/s) (days) (1/day)

10:12 10 19.3

10 -lﬁb) 120 4.9

4x10 120 0.8
a) s =107

b) lowest permeability within 5 m around gallery lining
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LABORATORY AND FIELD TESTS FOR RADIONUCLIDE MIGRATION AND HIGH FLOW
PATHS IN CLAY

Contractor : UKAEA, Harwell Laboratory, UK

Contract No : FI1W/0154

Duration of Contract : 1 January 1988 - 31 March 1989
Period Covered : January 1988 - January 1989

Project Leader : Mr P J Bourke

A OBJECTIVES AND SCOPE

Two field programmes are contained within this task. Their
objectives are to investigate mass transfer in clay-rich geological
materials.

The principal investigation is at Culham Laboratory, where it is
proposed that water flow within the Kimmeridge Clay is measured. The
objective is to determine if silt-rich or carbonate-rich horizons within
the Kimmeridge Clay act to provide fast transport paths for water flow
through this unit.

A subsidiary investigation is to be undertaken at SCK/CEN Mol,
Belgium, where an in-situ measurement of solute transport by diffusion
will be made.

B WORK PROGRAMME

Culham

Bl Geological characterisation of Kimmeridge Clay unit, using cores
recovered from boreholes.

B2 Development of suitable techniques - for measuring water flow in the
Kimmeridge Clay.

B3 Measurement of hydraulic conductivity at different horizons in the
Kimmeridge Clay, in order to investigate potential fast flow
horizons.

B4 Comparison of in-situ and laboratory measurements of hydraulic
conductivity.

Mol

Bl Design and manufacture of suitable apparatus to install in Port B,
Underground Research Laboratory.

B2 Design and manufacture of automated, computer controlled collimated
radiation detection apparatus.

B3 Installation of apparatus in Port B, Underground Research Laboratory.

B4 Laboratory-scale trial tests to provide data for comparison with
in-situ test.

B5 In-situ test to measure diffusivity of Boom Clay using I-131 tracer.
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C PROGRESS OF WORK AND OBTAINED RESULTS

1 Culham

Planning permission for field work at Culham was granted in June by
the South Oxfordshire District Council. No progress has been made with
the work, Field investigations will begin at the Culham site early in
1989.

2 Mol

" The Underground Research Laboratory at Mol provides access to the
Boom Clay at a depth of approximately 220m below ground level. As part of
the characterisation programme undertaken at Mol, the diffusivity of the
Boom Clay has been measured in numerous laboratory tests. However, no
in-situ measurements of diffusivity have yet been made and it is,
therefore, intended to make such a measurement in order to provide a
comparison between laboratory and in-situ techniques.

The in-situ test will involve the injection of a small volume of a
non-sorbed gamma-emitting tracer (I-131) into the clay. The diffusion of
the 1!31!'T away from the point of injection will be monitored using a
collimated gamma spectrometer. The geometry of the experiment is
indicated in Figure la. As the radionuclide diffuses away from the
injection point, a small component enters the collimated beam of the
spectrometer. The effective diffusion coefficient of the clay, Deff
(Dgg¢= Dj/a) can be determined by monitoring the count rate as a function
of time. The count rate passes through a maximum (Figure 1b). From a
knowledge of the migration distance from the source, and the time at which
the maximum count rate is measured, it is possible to determine Defge

During construction of the URL at Mol, the clay surrounding the
gallery was frozen. Therefore, in order to reach undisturbed clay, it is
necessary to gain access to the clay face at distances greater than 4m
from the gallery walls.

In 1987-8 SCK/CEN have been performing a number of heater/corrosion
experiments in the clay surrounding the gallery. Retrieval of the heater
at the end of each experiment was required in order to monitor corrosion
rates of metallic components placed in contact with the clay. The
resulting excavations produced 5-6m long horizontal tunnels with diameters
of approximately 0.8m. These tunnels were stabilised by the insertion of
steel lining tubes designed to withstand the stresses exerted by the clay
at this burial depth.

A stainless steel end plate for such a tunnel was designed and
manufactured at Harwell (Figure 2). The end plate incorporates a hole
through which the injection of I-131 can be made, and a cross-like region
in which the 4cm thick steel has been reduced to a thickness of 1-2mm.
This cross produces a region where attenuation of radiation is minimal and
through which measurement of !3!I migration can be made using a gamma ray
spectrometer mounted on a two-axis stage.

In August 1988 a heater/corrosion experiment was removed from Port B

in the URL. Under supervision of staff from Harwell, the end plate was
successfully positioned against the clay face and steel lining tubes were
installed to prevent the tunnel from closing. The installation of all

components required for the in-situ migration experiment is now
complete.

To maximise the number of data points which will be obtained from
this experiment over a 30 hour duration, both the movement of the
collimator on the two-axis stage and the operation of the gamma ray
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spectrometer are controlled using & fully automated computerised system.
Two laboratory experiments have been performed to test the apparatus and
to measure migration of I-131 in a block of Boom Clay taken from the
URL.

In the first experiment, 150MBq of I-131 (as Nal in 5u litres of
solution) was injected into the clay at a depth of 1llcm. However, due to
attenuation of the photopeak and large Compton scatter, it was not
possible to monitor migration from the point of injection.

In a subsequent experiment, 150MBq of I-131 was injected at a
shallower depth in the clay block - approximately 3cm. Figure 3 shows
the diffusion of I-131 away from the point of injection as a function of
time. The injection point on the traverse is at the position -4mm.

The variation of count rate with time at position X = -8mm is shown
in Figure 4. An effective diffusion coefficient of 3.5 x 10-10¢ m? g-1 is
calculated. Assuming a porosity of 0.2, this value for D ¢y is
equivalent to an intrinsic diffusion coefficient of 7 x 10-1!! m?z g-1,
The effective diffusion coefficients calculated from this experiment are
in good agreement with laboratory data published by SCK/CEN, Mol, where
values of between 1.4 x 10710 m2 s-1 - 4 x 10-1°% m2 s-! are quoted.

Fig. la '
Collimated radiation detection experiment
Nal Mudstone sample
detector in perspex tube

R A
Tt - = /]

VR \\\\“////mmmwnm
/

) radionuclide
in expanding
spheres

/
Tungsten alloy
collimator

Fig. 1b

A small volume of highly concentrated gamma-active radionuclide solution
is injected into the clay. As the radionuclide diffuses away from the
injection point, a small component enters the collimated beam. A piot of
activity detected by the gamma-ray spectrometer versus time yields a
value for-Detf.

tmax = X2
activity 4 Deft

- where Deff = DV€+ { Fo

Tmax time
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FIELD INVESTIGATION WITH REGARD TO THE IMPERMEABILITY OF CLAY FORMATIONS

Contractor : ENEA, CRE Casaccia, Rome (Italy)
Contract No : FI1wW/00 63-I

Duration of contract : January 1987 - December 1989
Period covered : January 1988 - December 1988
Project leader : C. Polizzano

A. OBJECTIVES AND SCOPE

The main aim of this work is to assess surficial methods for detecting
the secondary permeability in clay and shale in sedimentary basins by
means of direct in situ observations and detection of some noble gases
in soil-gas as tracers of fractures, faults etc.

The chosen gases are helium 4 and radon-222. Both these gases are used
from several years for locating ore, o0il and geothermal fluids as well
as earthquake precursors.

In this report only helium will be discussed. The helium in the
atmosphere is a mixture of helium of different origin : radiogenic
helium mainly from the metamorphic basement, primordial helium from the
mantle. The rate at which helium escapes from the crust is lower than
the rate of its production so that the crust itself may represent an
accumulation zone for this element. Helium reaches the surface using
fractures and faults as preferential routes for escaping. The choice of
this element for detecting fractures relay on

- it is a chemically fully inert element;

- its atomic radius is very small, comparable with that one of hydrogen.

These characteristics make helium one of the most mobile element and
therefore it can behave as an excellent tracer of geological
discontinuities as well as of the primary permeability of the rocks.
This report presents the results of the survey done at Vasto and Val di
Paglia, as a continuation of preceeding researches carried out in Val
d'Era.

B. WORK PROGRAMME

1l -~ preliminary survey of helium in soil-gas at a regional scale in
sedimentary basins characterized by distensive tectonics and, for
comparison, by compressive ones;

2 - in situ observations and information from operators about the
hydrological meaning of fractures in clay.

PROGRESS OF WORK AND OBTAINED RESULTS

State of advancement

In the first annual report the scientific principles of the research
were reported together with the results of an helium survey conducted in
Val d'Era (Tuscany).
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The results obtained in Val d'Era (annual report 1987) showed
interesting relationships between helium leakage and structure features
of the local graben. In fact, helium positive anomalies (helium values
in soil-gas above the atmospheric content) were found in areas were
geological evidences of a recent tectonic activity exist. No significant
relationship was found between helium leakage and the lithology of the
outcropping formations (mainly flysch with a thickness of several
hundreds meters).

PROGRESS AND RESULTS

1 - For a better understanding of the results obtained in Val d'Era,
other helium soil-gas surveys were carried out in 1988 in Valle del
Paglia, a graben South~East of Val d'Era, and in Vasto basin. The latter
is a sedimentary basin, on the Adriatic coast, in an area characterized
by compressive tectonic stress.

During the two surveys about 1600 soil-gas samples were collected and
analyzed in the surveyed areas. Other samples (800) now in course of
elaboration were collected in the southern part of Valle del Paglia. The
surveys covered a total area of more than 1500 square kilometers, with a
sampling density ranging from 1 to 2 point per square kilometer.

In figures 1 and 2 some statistic data are reported. Figures 3 and 4
show the frequency distribution of the obtained results.

As it is possible to see the results show a significant difference with
those observed in Val d'Era. In fact, the helium positive anomalies are
much higher than those found in Val d'Era. Especially in Vasto basin
most of the samples show an helium enrichment in soil-gas greater than
10% of the reference standard.

According to the Val d'Era results, in both areas the helium leakage
does not seem related with the lithology of the outcropping formations
(clay and sand of Pliocene age) nor with their thickness. The highest
helium positive anomalies in Vasto were found in a zone where the
pliocenic clay formation reaches the maximum thickness (1400 m).

Finally the figures 5 and 6 show respectively the maps of the helium
distribution in soil-gas in Vasto basin and in Valle del Paglia.

As it is possible to observe in both areas the major anomalies are
aligned according to NS and EW directions. The mentioned directions
correspond to two of the major faults systems in Italy. In Vasto the
youngest faults are indeed aligned NS and EW. The data, so far
collected, strongly support the hypotheses of a possible use of the
helium as tracer of occurrence and relative age of tectonic features
even in clayey formations.

In the 1989 program, detailed surveys for helium and radon in soil-gas
will be carried out. These surveys will be conducted according profiles
crossing the areas of helium positive anomalies with a linear sampling
density of 5-10 sample per km.
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2 - Aside from helium distribution, direct in situ observations have
been pursued for a better understanding of the hydrological meaning of
fractures and faults in clay.

The research carried out, following in the steps of previous studies was
aimed at widening the panorama concerning the behaviour of clay
formations interested by discontinuities (either tectonic or
sedimentary). The new information appears to confirm data obtained in
the past years; in fact, excluding particular situations depending on
local factors, tectonic dislocations do not represent preferential
pathways to groundwater migration at depth. On the contrary, the effects
of sedimentary discontinuities on groundwater flow depend on a number of
factors and on local conditions (which can vary inside the formmation
itself) so that they are most difficult to define.

A second part of the study was represented by a nation-wide search of
sites suitable for the realization of experimental programmes and in
situ measurements; the search has been aimed at founding a situation in
which a true fault was recognized with certainty in a clay formation.
The site search has been aimed at three kinds of clay exposures
valleys, quarries, and tunnels. It seems, however, that the best sites
to perform field tests are found in quarries.
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MODELLING OF RADIONUCLIDE MIGRATION IN THE GEOSPHERE :
NATURAL ANALOGUE STUDIES

Contractor : Centre d'Etude Nucléaires de Fontenay-aux-Roses,
CEA/IPSN/DAS/SAED - FRANCE

Contract n°® : FI1W/0070

Duration of contract : January 1987 - June 1989

Period covered : January 1988 - December 1988

Project leader : P. Escalier des Orres

A. OBJECTIVES AND SCOPE

The study of the migraticn processes of elements in the geosphere
through natural analogues is one of the best way to validate the
calculation tools developped to predict radionuclides transfers on long
time periods.

It has for objective to quantify these phenomena with slow kine-
tics, to show the thoroughness of the mechanisms taken into account in the
models, or to permit their modification, if necessary.

The present study is based on the interpretation of the data
obtained by the British Geological Survey on different "natural analogues"
sites in the U.K.

B. WORK PROGRAMME

1. Modelisation of the elements transfers in the argillaceous
sediments from Loch Lomond.

2. Pre-modelisation of natural analogues sites on the first sets of
data gathered by the BGS.

3. Interpretation through models of the complete data sets
transfer in cristalline rocks (matrix diffusion), transfer in clay qua-
ternary sediments, for example.

C - PROGRESS OF WORK AND OBTAINED RESULTS

1l - State of advancement

During the year 1988, substantial progress has been made in the
understanding of the geochemical processes and the transport processes of
radionuclides on the Needle's Eye site.

Our British partners have extended the network of piezometric
observation and sampling thus making available a large number of water
samples from various depths. In the light of the chemical analyses of
these samples taken in August and November 1987 and in February 1988, we
have been able to work on their interpretation and draw conclusions

concerning both the geochemical processes and the hydrogeological beha-
viour of the site.
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Using the results of these studies, which will be explored in more
detail as we obtain new data from further analyses, and with the help of
the incomplete but valuable information on hydrogeological parameters
(permeabilities, porosities) collected in the field by the B.G.S. team, we
can now plan a serious modelling of the phenomena involved in the
movements of fluid in the ground. This in turn will clear the way for the
coupled geochemical-transfer modelling.

The tools used for the computations are the following codes
CHIMERE (geochemical speciation), METIS (transport in porous media) and
STELE (coupled model), all developped at the Centre d'Informatique
Géologique of the Paris School of Mines.

2 — Progress and results

The study concerns 40 water samples (23 taken in November, 17 in
February) on which complete analyses were made for major ions and certain
non-ferrous metals and uranium content. Each one of them was introduced
into the CHIMERE model which is able to calculate not only the respective
quantities of the dissolved aqueous species but also the saturation
indices of the minerals. This makes it possible to draw conclusions about
the active geochemical equilibria (those involving the minerals that
precipitate or dissolve) which concern the major ions as well as the
uranium. The locations were the samples were taken can be seen in
figure 1.

With the help of this simple, static analysis one can distinguish
on the site two distinct geochemical sectors, roughly separated by the
line of the E-W fault (ordinate line 14 on figure 1). This differentiation
is particulary evident in the saturation indices of calcite which 1is
clearly deficient in the hornfels zone to the North and balanced in the
sedimentary cover of the limestones to the South (figure 2). The contact
at the lower end with carboniferous limestones even contribute to the
appearance of oversaturation with a clear tendency to a state of equili-
brium from the bottom toward the top of the piezometers in question
(figure 3). The equilibrating mineral phase of the silica appears to be a
pole close to chalcedony (figure 4). Finally, an increasing mineralization
is evident toward the South particularly at depth, which clearly indicates
a contamination by seawater.

We have also studied the behaviour of uranium at the site. This
behaviour is, a priori, a complex one, bearing in mind on the one hand,
the lack of knowledge of the source term and on the other, the complexity
of the lithology of the recent alluvial deposits, the organic content of
which is extremely variable. We have been able to contribute some elements
toward a solution to the problems in the area.

First of all, there is no obvious direct link between the organic
content of the waters and their uranium content. However, the conditions
of oxydo-reduction and pH imposed locally by the decomposition of the
plant material are qualitatively correlated to the degree of water conta-
mination by uranium.

The source term of the uranium can, in all likehood, be found in
the mineralizations of the cliff, since the sedimentary series are, above
all, contamined by the runoff from the cliff and by upwelling at the foot
of the sedimentary series in the extreme North, which is a justification
for the artesian behaviour in this part of the site. This flow from the
bottom upwards is confirmed by observing the saturation indices of a
mineral created by the alteration of uraninite, i.e. liebigite (figure 5).
This does not have any bearing on the presence or absence of this mineral
on the site but it does indicate that the equilibrium of the waters is
indeed imposed by a mineral close to uraninite.
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The bottom of the recent sedimentary series, systematically rich
in uranium, justifies the assumption of a level with a rapid N-S circu-
lation ("beach level™).

The role of the major E-W fault which separates the limestone and
the hornfels is more difficult to elucidate. It can, however, be said that
it certainly plays a diluting role which suggests that there is some
important flow of water in this area. This flow is confirmed by the
presence, downstream from the fracture, of hight concentrations of non-
ferrous metals (Pb, Zn, Ba etc.) which can only originate in the fault.
Moreover, since these samples have a low uranium content, it can be
concluded that the contribution made by the fault to the wuranium
production in the sediments is small, either because it is not hydrau-
lically connected to a source term or because the uranium precipitates at
the outlet of the fault under influence of a contrast of physico-chemical
conditions.

3 - Conclusions

The major advances made in this work during 1988 concern the
understanding of the hydrogeological behaviour of the Neddle's Eye site.
In particular, we have been able to confirm :

- the position of the major E-W fault and its hydraulic
importance,

- the existence of a lower lithological stratum with rapid N-S
circulation,

- the existence of a =zone with vertical upward flow in the
northern part of the site.

The interesting feature is that these results have been made
available only with the help of geochemical investigations which proves
how powerful a tool this is.

Concerning the behaviour of the uranium on the site, the study
clearly emphasizes the role of the mineralizations of the cliff and
minimizes that of the major E-W fault. Furthermore, the equilibrating pole
of the uranium appears to be a mineral originating in the uraninite
alteration.

Coupled modelling requires complete knowledge of the active
geochemical system and this study has made it possible to partly determine
its characteristics, in particular where silica and carbonates are
concerned.

4 - Major publications

JAMET Ph., SOUBEYRAN R., DOUBLET R. (1988). Modélisation de la
migration des radionucléides dans la géosphére. Etude d'"analogues
naturels", Rapport C.C.E, LHM/RD/88/75, 34p.
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STUDY OF MIGRATION PROCESSES IN CLAY FORMATIONS OCCURRING IN NATURE

Contractor : ENEA, CRE Casaccia, Rome (Italy)
Contract No : FI1w/0071

Duration of contract : January 1987 - December 1989
Period covered : January 1988 - December 1988
Project leader : A. Brondi

A. OBJECTIVES AND SCOPE

The permeability state of clay may be affected by tectonic events.
Fractures and faults may indeed give rise to a secondary permeability
within argillaceous rocks. Ochraceous bands aside from the fracture
planes evidence circulation of meteoric water within fractures systems
in clay. The penetration depth of these water in clay should reveal the
thickness of clay affected by secondary permeability due to tectonics.
The present work 1is a contribute aimed at ascertaining the real
influence of tectonics on clay in particular formations in the Siena
basin in central western Italy. The tectonics of the basin, a typical
graben, is well defined.

Complementary researches in other situations, i.e., in Pasquasia mine,
where clay are highly fractured, offer the opportunity of investigating
a clay system isolated from surficial water.

B. WORK PROGRAMME

Three main lines have been envisaged

1 - Selection of the most appropriate situations referred to the general
tectonic frame;

2 - Studies on the variations of the geochemical system of clay because
of the penetration of the meteoric water;

3 - Investigation on the extent and causes of the secondary permeability
of clay and their importance with regard to the geochemical stability of
clay formation.
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C. PROGRESS AND OBTAINED RESULTS

State of advancement

Among the many possibilities offered by the Italian territory the Siena
basin, located in central western Italy, has been considered as highly
significative for the envisaged research.

The Siena basin is made by a deep tectonic distensive trench, parallel
to the Appennines chain, filled by a thick series of pliocenic clay and
overlying sand. Because of the orogenic uplift still in course, the
pliocenic series undergoes to accelerated erosion. Clay unloaded by the
overlying masses, removed by erosional activity, expands in volume
without a contemporaneous mass increase. This causes latent fractures to
be opened and penetrated by surficial waters. A major effect of
surficial water circulation is the oxidation of the fracture walls
accompanied by a centimetric-decimetric alteration of the clay body. The
clay oxidation along fractures may develop to a depth of some tens
meters. These values may indicate the maximum penetration depth of
surficial oxydizing waters within clay mass.

No morphological structure generally evidences the occurrence of
fracture and fault plains intersecting clays. This fact practically
hinders to recognize the possible relationships among the regional
tectonic trend and the tectonic structures interesting clay.

PROGRESS AND RESULTS

1 - In order to face the mentioned problem the first step of
investigation in the Siena basin has been directed to draw a map of the
morpho-tectonic linear elements. The work has been conducted by means of
photointerpretation. The obtained results are reproduced in figure 1.
The trends of the linear elements conform to the general tectonic trend
of this part of the Appennines chain.

2 - The observation data on clay tectonics are very scarce and ambigous.
Only direct field mapping (figure 2) allows to recognize the tectonic
structures. From field observations fractures in clays often result to
be cemented by gypsum filling (figure 3). This fact testifies that
circulation of water within fractures in clay may even represent a
transitory condition possibly ending with the re-establishment of the
initial situation of very low permeability. The oro-morphological
evolution is undoubtedly the main controlling factor of the near surface
secondary clay permeability.

3 - The circulation of fluids within clay out of the influence of
surficial water is worthy of study.

Diagenesis and tectonic effects may determine the re-arrangement of clay
particles as well as creation and desappearance of local
micropermeability. Investigations conducted on clay samples from
Pasquasia mine in Sicily give a contribution to this matter.
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Analyses by normal and electron microscope give evidence of the
microscale variations of physical and geochemical equilibria within
clay.

Microfractures crossing clay are filled by gypsum aggregates (figure 4).
Gypsum crystals grow starting from the fracture wall without crossing
it. Indeed the fracture surface appears to act as a barrier to the
solution diffusion, confirming the practical impermeability of the clay
bulk. Pyritic aggregates and isolated crystals occurring in the mass
(figure 5) testifies the reducing conditions prevailing in clay.
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Tectonic lines from
fotointerpretation.
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