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EXECUTIVE SUMMARY

The safe and cost-effective management of the radioactive waste produced in the exploitation of nuclear energy requires an
important research and development effort in order to be fully implemented at an industrial level.

The Joint Research Centre initiated its activities in the field of radioactive waste management in 1973. Four multiannual
plans have been completed (1973-76, 1977-79, 1980-83 and 1984-87).

The activities of the JRC are carried out under the Plan of Action on Fission, which also includes programmes on Nuclear
Materials Management and Control, Reactor Safety, Decommissioning of Nuclear Plants and Nuclear Fuels and Actinide
Research. These programmes are carried out by the JRC ana by shared-cost actions.

Coordination and Management Committees assure coordinaticn among the various actions and with similar activities carried
out in national laboratories.

In addition to the research action programmes, the Council approved in February 1980 a Community Plan of Action in the
field of Radioactive Waste (1980-1982) which assures the continuity of the R&D effort throughout the period and entrusts the
Commission with a wider role in the implementation of waste management practices.

The activities of the radioactive waste management programme of the JRC are largely executed by the Ispra Estbalishment,
with a participation of the Karlsruhe Establishment. Strict relationships are maintained with the corresponding shared-cost
action programme on radioactive waste management. Important Community projects such as PAGIS (Performance
Assessment of Geological isolation Systems) and MIRAGE (Migration of Radioisotopes in the Geosphere) are jointly
coordinated.

The JRC programme is structured in three research areas :

1. Waste Management and the Fuel Cycle aims at characterizing waste streams of the nuclear fuel cycle and minimizing them,
particularly for what concerns the radionuclides which are responsible of long-term risks.

2. Safety of Waste Disposal in Continental Geological Formations aims at evaluating the long-term risks of waste disposal.
It includes both theoretical evaluation activities and experimental activities in view of providing the necessary models and data
base for the evaluation.

3. Feasibility and Safety of Waste Disposal in Deep Oceanic Sediments aims at evaluating feasibility and long-term risks of
this advanced disposal option. These activities are carried out in the framework of a NEA-coordinated programme and the
JRC contributes both in experimental and theorelical activities and in the programme coordination.



Research Area 1
Waste Management and the Fuel Cycle

Setting-Up of PETRA

All orders for standard components were completed in 1986.
The installation of components and their connection has
proceeded, with some delay as compared with the original
planning. Upon request of the Italian licensing authority, a
programme of seismic upgrading of the building has been
intiated. As a result, the latest planning indicates mechanical
and electrical connections completed by September 1988. Hot
commissioning is scheduled to start in March 1989.

The denitration process has been studied with a special care
in view of the possible safety implications. A cold unit has been
constructed and operated for 16 months, leading to improved
operational procedures.

The PETRA users’ group has met twice in 1987. Several
proposals for activities to be implemented in the facility have been
put forward and they are being ranked in priority order.

Analytical Support Activities

The pneumatic transfer system, connecting the PETRA cells to
the analytical laboratories, iocated in ancther building about 200
metres away from the cells, has been completed and tested.
Departure and arrival stations in alpha-tight boxes will be
assembled in 1988.

The analytical handbook of 1984 has been revised and updated.
General analytical support for the programme has been provided
upon request, particularly on clay samples and seabed
sediments. The techniques of inductively-coupled plasma - mass
spectrometry (ICP-MS) has been evaluated for analytical
capability and sensitivity in routine use, taking advantage of an
instrument temporarily available for demonstration purposes. The
technique appears particularly suited to our analytical
requirements, and the acquisition of an ICP-MS has been
planned for 1988.

Radioisotope production by cyclotron irradiation was limited in
1987 to the production of 2x107 Bg of **Tc.

The OXAL-MAW Process

Tests on about 20 liters of 'real”” MAW, obtained from the WAK
plant, have been carried out using procedures previously set
up on simulated solutions, which lead to decontamination factors
higher than 5000 for Am using Ca as a carrier, while lower DF,
around 50-80, were obtained for Pu.

The verification of the process with real waste solutions gave
decontamination factors similar to those obtained using simulate
solutions. It appears that by a careful control of the precipitation
conditions an alpha-free final product could be obtained, when
the resulting filtrate is solidified, e.g. in a cement matrix.

Characterization of High Activity Glass

An exploratory activity on the feasibility of characterising fully
active vitrified waste has been carried out, using glasses
prepared in the ESTER facility of ENEA at Ispra. This activity
was carried out in collaboration with ENEA COMB-SVITE/JRC-
Ispra, in view of an increased engagement of the Transuranium
Institute in this area.
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Tests included the determination of the exial distribution of fission
products by gamma scanning and radiography techniques, and
microstructure determination on three polished sections of the
glass by quantitative microscopy, scanning electron microscopy,
backscatter imaging and EDAX analysis.

Actinide Monitoring

Techniques of passive neutron assay by time correlation analysis
are being developed at JRC-Ispra for Pu monitoring in waste
drums prepared for ultimate storage in geological formation. The
laboratory version of the instrument is continuously upgraded
to an industrial version, characterized by heavy hardware
components and on-line data elaboration. Several correlation
analysis methods have been evaluated for optimizing data
elaboration.

A contract has been signed with ENEA-Casaccia to apply that
technique to in-field tests on 200 liters waste drums stored at
the Casaccia centre.

A gamma scanner is also being set up for measuring Pu in 200
liters waste drums. The determination is based on measurement
of the emitted gamma rats by high resolution gamma ray
spectroscopy, and correlation for gamma attenuation by gamma
transmission measurements using a ">Se gamma source.

The collaboration with DNPDE at Dounreay is continuing,
particularly on correction methods for neutron multiplication and
absorption, corrections due to presence of Cm isotopes, and
modification of the neutron interrogation model to allow the use
of a californium shuffler.

JRC-Ispra has participated and assured the secretariat of a
European intercomparison exercise for the monitoring of Pu in
Pu-contaminated waste. The final report of the exercise is in
preparation.

Research Area 2
Safety Assessment

Risk Assessment

Contribution to the PAGIS action (Performance Assessment of
Geological formation Systems) has continued in view of
terminating the project in 1988. The activity of the JRC was
mainly to support the various institutes on the methodological
issues, particularly on sensitivity and uncertainty analysis.

A contribution to the NEA activities in the area of probabilistic
safety assessment was given by participation to the NEA-PSAC
group and help in organizing intercomparison exercises, which
are of major importance for quality assurance of the codes used
in safety assessment.

A 3rd release of the probabilistic risk assessment code LISA was
issued in 1987; this version, which includes pre- and post-
processors (PREP and SPOP) will be delivered by the NEA data
bank. A 4th release, including a commercial geosphere model
(THOUGH) has been prepared for customers.

A cooperation agreement has been signed with ENRESA (Spain)
for the preparation of a new version of LISA, specifically designed
for probabilistic risk assessment of waste disposal in hard rock
geological formations.

Preparatory work was made to held in May 1988 an advanced
seminar on risk analysis in nuclear waste management.



Near Field Evolution

The study of glass leaching in clay and seabed sediments at
constant temperature has continued and is approaching termin-
ation. Experiments carried out on a **Tc spiked glass have
confirmed a lower mobility of Tc for clays and sediments with
a low Eh.

An equipment has been constructed to study corrosion and
leaching phenomena under a thermal gradient, with upper
temperatures of about 90°C and thermal gradients of about
1°C/cm. The equipment was used to study corrosion of mild
steel in seabed sediments. Provisional results indicate that a crust
mainly composed of calcium carbonate and iron silicate is
formed, acting as an additional barrier against diffusion.

The study of surface phenomena by the ESCA technique has
continued, particularly on the role of -HCO; ions, building up
on previous experience on the role of pH and Eh in leaching.

The on-going study on waste glasses doped with **Cm in order
to realistically simulate radiation damage in an acceptable short
time nave continued. Damage levels corresponding to storage
times of real waste glasses in excess of ten thousand years have
been produced. The results obtained confirm previous findings,
indicating little effect of radiation damage on glasses, while waste
ceramics show significant increase in swelling and teaching.
Explortory work on possible temperature effects during damage
production has been carried out by implanting 50-200 keV Kr
ions to produce temperatures between 100 and 250°C during
implantation. Fracture toughness, radiation-enhanced Na
diffusion and leaching seem to be affected enough to justify
inclusion of temperature during damage as a relevant parameter
in future works.

Activities on alkali diffusion within the glass block under the
temperature profiles existing in the blocks in disposal conditions
have been terminated and discussed in an international
workshop on radiation effects in waste matrices. It is now possible
to affirm that these effects will have no practical impact on the
long term behaviour of the glass block at disposal.

The effect of various stable elements possibly present in
alpha-contaminated waste (Cr and Ni in particular) on the
durability of concrete-based matrices has been studied by
preparing concrete with variable quantities of Cr and Ni
compounds and measuring the physical properties and leaching
characteristics of the product. It appears that concrete is a good
host material for Ni and Cr, provided this last is in the reduced
Crs'state.

Far Field Studies

Activities on the migration of radionuclides in geological media
have continued in order to provide models and input data for
risk assessment codes.

The leaching behaviour of borosilicate glass dopes with Np, Tc,
Pu, Am using bicarbonate water, saturated brine and saline
aquifers typical of experimental disposal sites has been studied
in oxic and anoxic conditions. Np and Tc release rates are similar
to those measured for Na in oxic conditions, while considerably
lower release rates were found in anoxic conditions. This
behaviour is consistent with the release models previouly
established. The behaviour of Am, reduced Np and Pu suggests
an interaction with the surface gel layer, which deserves further
investigations.

The interaction of the released radionuclides and porous
geclogical media has been studied by columns experiments,
with special attention to the behaviour of Pu and Np under
reducing conditions. The results obtained are indicative for &
complex situation which cannot easily be interpreted by the

existing models, and additional experimental and modelling
activities are underway.

Adsorption on natural colloids, which can be a dominant factor
in determining the radionuclide behaviour in natural
groundwaters, is being studied in collaboration with the
University of Milano. The adsorption behaviour seems strongly
dependent on the pH and Eh conditions, although the results
are still preliminary.

Techniques of laser spectroscopy, namely thermal lensing and
time resolved fluorescence spectroscopy, are being developed
to study the behaviour of very dilute chemical species of actinides
and fission products. The resuits obtained up to now on uranium
complexation by carbonate ions suggest a greater involvement
in the development of the technique as a major tool for the study
of actinide chemistry in natural groundwaters.

The hydro-geochemical characterization of a test site near the
Radiochemsitry building is under way, in view of its possible use
for the in-situ verification of transport models for both radioactive
and chemical toxic compounds. Four boreholes have been
equipped for hydrological experiments, and sensors connected
to an automatic data acquisition system. Experiments are still
under way for a full understanding of the hydrodynamic
behaviour of the aquifer, which is rather complex. Eh measure-
ments on two boreholes show a strong variations of redox
potential from top to bottom, while more constant parameters
have been found for the other boreholes.

A review of the literature published on the natural nuclear reactor
discovered in 1971 at Oklo (Gabon) is under way in order to
assess the potential use of this case as a natural analog of a
real waste disposal situation.

The JRC is contributing to two international projects on radio-
nuclide migration, namely the CEC working group in colloids
and complexes, and the NEA thermodynamic data base project.
A joint project with ENRESA (Spain) is being prepared on
investigation of radionuclide migration in crystalline rokcs.

Research Area 3

Feasibility and Safety of Waste Disposal
in Deep Oceanic Sediments

Feasibility and Safety Assessment

The probabilistic risk assessment of the sub-seabed option,
carried out for the NEA seabed working group, has been
completed and forwarded to the relevant task group for inclusion
in the final report. The main conclusions are :

- For the base case scenario the peak of the dose rate over
time for the maximally exposed group of individuals is over
100,000 times smaller that the ICRP recommended limit of
1 mSv/a.

The uncertainty rage falls between 3x10°'* and 4x10°® Sv/a
and does not affect the conclusions of the deterministic
assessment.

The radionuclides contributing most to the dose are the long-
lived poorly adsorbed fission products, principally **Tc.
The major pathway is consumption of fish, molluscs and
seaweeds.

No significant different was found between the two sites
considered (GME and SNAP), although the quality of their
sediments is slightly different.
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Instrumentation for In-Situ Experiments

The instrumentation for in-situ experiments developed by the JRC
throughout the programme aimed essentially to develop the
expertise for long-term experiments utilizing automatic acoustic
transmission of data from sensors in the implaced penetrators
to a floating buoy or platform and radio transmission through
a satellite to the land based laboratory.

The instrumentation has been completed in 1987 with the

development of a *‘soft lander”, a vehicle which can

- deploy a reasonable load of specialized instrumentation within
the first few meters of the sea floor,
carry sufficient power for the emplaced sensors for up to one
year lifetime,

- transmit data to the platform throughout the experiment,
be recovered at the end for redeployment.

At present the unit has been constructed and the acoustic link
tested. A geochemical commercial package has been tested.
Tests will be continued in 1988 on lake Maggiore, in view of
successive application in the field of environmental protection.

Participation to Joint In-Situ Experiments and Laboratory
Simulation Experiments

No cruise has been done in 1987. The analysis of samples taken
fron two cores collected at the Madeira and Nares abyssal plains
during the ESOPE cruise in 1985 has been completed. The study
oif the two cores has highlighted the significance of the different
mineralogies of the sediments found at the two study sites.

The collected sediments were utilized for laboratory studies on
radionuclide migration, with techniques similar to those utilized
for the study of continental options. The results obtained in 1987
mainly refer to the behaviour of 2! Am, which was found largely
associated with the carbonate fraction, and to **Tc, both in oxic
and anoxic conditions. An experiment using simulated vitrified
waste doped with a mixture of radioisotopes (*'3Sn, *Cs, 2'Np
and #'Am) was started.

Tests have been conducted to study the influence of pressure
and temperature on the diffusion of important radionuclides (Pu,
Np, Tc) in deep ocean sediments, to check whether
measurements of diffusion made under atmospheric pressure
can truly represent the behaviour of those radionuclides in the
deep sea environment. The results obtained up to now confirm
the validity of low pressure simulation experiments.



RESEARCH AREAS

1. Waste Management and the Fuel Cycle

This project aims at studying the present fuel cycle processes with a special reference to the waste produced (considering types,
quantities and qualities) and eventually proposing process modifications which could be implemented in futuire fuel cycle instaliations,
in order to minimize waste arisings and improve the waste quality in relation to the final objective of disposing of radioactive waste
in geological formations.

The characterization of conditioned waste products presently produced by fuel reprocessing and fabrication is an important aspect

of this project, which will be further expanded in the future, in view of the importance that quality control of waste products is
gaining for the practical implementation of radioactive waste management.

Characterization activities range from detailed analysis of vitrified high activity waste to non-destructive determination of actinides
in conditioned alpha-contaminated waste. The first subject is studied at the Karlsruhe Establishment of the JRC, which will have
in the future an increased involvement in this area, including characterization of spent fuel and other types of high activity waste
which may result from fuel process modification proposals.

Such process modifications, which may come from JRC studies (such as the OXAL process) or from national laboratories of EC
member states or industries, can be verified at a fully active pre-industrial scale in the PETRA hot cell facility currently under
construction at Ispra.

PETRA (Project of Evaluating Treatments for Radwaste Alternatives) is indeed designed to produce various types of fully active
conditioned waste resulting from the operation of a Purex type reprocessing plant in either standard or modified modes. The
facility is proposed for :

- studies of optimization of waste management and
- the production of typical and off-standard conditioned products for the study of quality control methods or other purposes.

Contents

1.1 Setting up of PETRA

1.2 Analytical Support Activities

1.3 The OXAL-MAW Process

1.4 Characterization of Highly Active Glasses
1.5 Actinide Monitoring


















Table 1.l1 - PETRA Analytical Sheet

Priority ~ Activity

Effluent No. Tank Analyte Concentrat. 1) 2) Method
3 HNO, 5-7 M/l r + Titrnmetry-oxalates
DP 6/8 BO1 HNO3 2-4 M/ r + Titrimetry-oxalates
agueous U 200-300 g/l r.s +.—  Chemical separation dilution, potentiometry,
safeguards Coutometry-Spectrophotometry
Pu 2-3 g/l r.s +.—  Chemical separation. dilution. a-spectrometry. spectropho-
tometry
FP 100-300 Cil rs — Chemical separation. dilution. y-spectrometry.
ETAAS
Np 01 g/l S — Chemical separation. a-spectrometry. polarography
Am-Cm 0.05 g/l S — Chemica! separation. dilution. «- and 4-spectrometry
Density 11 S +
HAF 10/3 BO1 HNO3 3 M/l r + Titrnmetry-oxalates
agqueous U 200 g/t r +.—  Chemical separation. dilution. potentiometry,
Coulometry - Spectrophotometry
HAW 12/30 B12  HNO, 2.5-3 Mil r + Titrmetry-oxalates
aqueous u 0.1-1 g/l rro — Dilution. chemical separation. spectrophotometry.
Pu 10 mg/l r — Chemical separation. «-spectromeltry
Np <0.1 g/l S — Chemical separation. a-spectrometry. polarography
Am-Cm 0.05 g/l S — Chemical separation. dilution. a- and y-spectrometry
RE 2 g/l S — Dilution. y-spectrometry
HAS 15 Mu HNO, 3-4 M/l r Titrimetry-oxalates
aqueous
CP 16 Bo4 U 60-70 g/l r +.— Chemical separation. dilution,
aqueous potentiometry, Coulometry-Spectrophotometry.
Pu 0.5 g/l r — Chemical separation. dilution. a-spectrometry.
Spectrophotometry
FP 0.1-1 Cill r - Dilution. y-spectrometry. ETAAS
Np <30 myg/l s — Chemicai separation. a-spectrometry. polarography
CwW 17 U <1 gl ro — Chemical separation. spectrophotometry.
CX 18 Mu HNO, 0.01 M/ r . pH-dilution
HAN 0.05 M/ r — Potentiometry Ce'V
31 Mu HCOOH pure r - Volume adjustment
32 Mu  HLC,0, sold r : Balance
HAW 35 B08 HNO3 <0.8 M/l r + Titnimetry-oxalates. pH
agueous u 0.1-1 g/l s — Chemical separation, spectrophotometry
Pu <0.1 mg# S — Chemical separation. a-spectrometry
Ce.Eu traces S — v-spectrometry. chemical separation
FP 50-100 Cu/l S — Dilution, y-spectrometry.
HCOOH traces s — Titrimetry. TBAH
Am-Cm \0.01 mg/!t S — Chemical separation. a-spectrometry
Np traces S — «-spectrometry, polarography
34 Mu HNO, 0.8 M/l r ' Titrmetry-oxalates. pH
36 Mu HNO3 8 M/l r . Titrnmetry-oxalates
OX 39 BO3  HNO, 4 M/ r + Titnmetry-oxalates
aqueous U 0.01-0.1 g/l S — Chemical separation spectrophometry.
Pu 0.1-0.5 g/ S — Chemical separation. «-spectrometry. spectrophotometry.
Ba.Sr.Zr S — Dilution. ETAAS
Am-Cm 1 g/l s — chemical separation. «-spectrometry
Np 01-02 g/l s — Chemical separation. «-spectromelry. polarography
HCOOH traces s — Titemetry. TBAH
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Table 1.1 - Continued

Priority ~ Activity

Effluent No. Tank Analyte Concentrat. 1) @) Method
40 Mu HNO, 1 M/l r Titrimetry-oxalates
aquous 41 BO4  HNO, 0.5-0.8 M/l r + Titnmetry-oxalates
U 0.01-0.1 g/l s — Chemical separation, spectrophotometry,
Pu 0.1-0.5 g/l S — Chemical separation, a-spectrometry, spectrophotometry. s
Np 0.1-0.2 g/l s — Chemical separation, «-spectrometry. polarography
Am-Cm traces s — Chemical separation, «- and y-spectrometry
42 Mu HNO, 0.01 M/I r * pH
HAN 0.05 M/I r : Ce" potentiometry
aqueous 44 B10  HNG, 3.4 M/l r + Titrimetry-oxalates
U traces s — ETAAS, spectrophotometry,
Pu traces S — Chemical separdtion, a-spectrometry
Np traces s — Polarography
46 Mu ANO,LN r v Titrimetry
aqueous 47 B10  HNO, 0.2 M/ r + Titrimetry
AR+ 0.5-0.6 M/I r + Titrimetry (EDTA)
Na* 1 M/l r + Titrimetry
aqueous 48 B04  HNO, 0.1 M/l r + Titrimetry-oxalates
Am-Cm 0.2-0.4 g/l 3 — Dilution, a-spectrometry
RE 20-30 g/l s — Dilution, yspectrometry
FP traces S — Dilution, vy-spectrometry,
Ba-Sr traces s — ETAAS, ICP
49 Mu HNO3 0.03 M/l r pH
aqgueous 51 B0O8 Am-Cm <0.1 mg/l r.s — - and y-spectrometry
aqueous 28 B09 HNO, 1.3 M/I r + Titrimetry-oxalates
density +
PF r y-spectrometry,
24 B12 . HNO3 11 M/ r + Titrimetry-oxalates
density 1.4
26 HNO, 2 Mi r + Titrimetry-oxalates
organic 22 BO7 TBP 30% s — Titrimetry-ICP-AES
aqueous 21 B06  NaOH- 0.1 M/ r — Titrimetry
Na2C03
DBP-MBP s — Titrimetry,
FP mCi s — y-spectrometry
Alpha mCi s — a-spectrometry
19 Mu Na,CO, 0.1 M/l r * Weight
H,C,0, 0.5 M/ r Weight
20 Mu NaOH 0.1 M/ r pH
53 A10M11 HNO, 4 M r — Titrimetry-oxalates
FP mCi s — y-spectrometry
(1) PRIORITY: r =routine; s=special analysis; rc=routine on-line.
(2) ACTIVITY: + =measurement in the cell; — =sample activity lowered in the cell before sending to building 46;
* =non active sample.
ICP-AES = Inductively Coupled Plasma Atomic Emission Spectrometry
ETAAS = Electrothermal Atomic Absorp:ion Spectrometry.
TBAH = Tributyl Ammonium Hydroxide.
EDTA = Ethylene Diamine Tetra Acetic Acid.
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(Radioactive Waste Management and Safeguards and Fissile
Materials Management), and need only be adapted to the
specific requirements of PETRA. The availability of only one
shielded analytical cell imposes to use it mainly as an inter-
mediate station for lowering the radioactivity level of the samples
either by dilution or by simple chemical separations. For that
reason, only very simple analytical determinations are foreseen
in the cell, such as electrochemical or light absorbance
measurements Table 1.1ll shows where the main operations will
take place as a conseguence of the available facilities and of
the analytical needs.

General Analytical Support

This activity provides an analytical support to the different tasks
of the programme and is usually done on a routine basis. More
than 650 samples of various forms and origins were analysed
every year. Among them:

ground water used in experiments on radionuclide migration,
saturated sodium chloride solutions simulating brines from
salt mines,

- pore water from sea-bed sediments,
humic acids used for an intercomparison exercise among
different European laboratories and from various sites,
liquid samples produced during denitration tests,
sediments collected during the 1985 international long core
cruise (ESOPE),

- simulated sea-bed sediments used in column tests tc
investigate concentration profiles,
clays.

The principal determined elements are: silicon, calcium,
magnesium, iron, sodium, potassium, chromium, etc. The
analytical techniques are mostly inductively coupled plasma-
emission spectrometry (ICP-AES) and electrothermal atomic
absorption spectrometry (ET-AAS) after the suitable preparation
of the samples. Often, the standard addition method has to be
used to compensate for the matrix effects. In the case of the

Table 1./ll - Operation Site

sediments, the fusion in a platinum crucible followed by digestion
in dilute nitric acid is required to keep silicon completely soluble.
However, other analytical techniques are used; Fig. 1.7 shows
a general layout of the laboratory.

Since mid-1986, two new devices are available in the analytical
laboratory, a Polarecord E506 Metrohm polarograph, and a VG
ICP-MS.

Polarography can be advantageously used for the determination

of many elements and is very attractive for neptunium analysis
at the low concentrations existing in the solutions from migration
experiments. For that specific application, an alpha glove box
has been constructed. Concerning the ICP-MS, a number of tests
have been done in order to ascertain its analytical capabilities
and sensitivity in routine use.

In Table 1.1V, the detection limits for different elements with ICP-
MS are compared with those of ET-AAS. It appears from the table
that the detection limit is in general lower for ICP-MS than for
ET-AAS; furthermore, ICP-MS permits the simultaneous
determination of many elements, and gives also information on
their isotopic composition. However, the volume needed for the
analysis is large, in comparison with that required for ET-AAS.
This is an important feature for radioactive samples, in order to
limit the operator exposure. Furthermore, the graphite furnace
and its accessories can be easily installed into a glove box, which
is not the case for the plasma torch.

The adaptation of ICP-MS system for the analysis of radioactive
samples, mainly alpha-emitting nuclides, is being studied.

Interesting results have been obtained in the analysis of several
sea-bed samples, collected during the 1985 international fong
core cruise (ESOPE). The purpose of the analysis was to get
concentration profiles of different elements either in solid
sediments or in pore water, and to correlate them to the
stratification profile. Figs. 1.8 and 1.9 show typical profiles of
several elements of interest in sediments and pore water.

Several clay samples, drawn at different distances from faults
in a clay layer, have been analysed in order to investigate

Adeco building

Radiochemistry building

Radiochemistry building

Hot analytical cell

Alpha-boxes

No radioactivity protection

U Chemical separation. potentiometry. Coulometry. spectrophotometry.
spectrophotometry potentiometry.
Pu Chemical separation a-targets. Coulometry.
spectrophotometry.
Am-Cm Chemical separation, dilution a- and y-counting
FP Chemical separation. dilution Spectrophotometry. ETAAS.
p-counting
Np Chemical separation a-target. polarography
HNO, Titrimetry. pH Titnmetry. pH
AR EDTA. titrimetry EDTA. titnmetry
HAN Potentiometry
Nz* UY-method UV-method. ICP
TBP
DBP Chemical separation Titrimetry ICP-AES titrimetry
MBP
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Derrineralized water and Q-brine were used as leachants in
these tests at the temperatures 150°C and 200°C. After 10 days
of “blank’ leaching, without glass, the leachants were analysed
for metallic impurities by ICP; the results of these blank
experiments at 200°C are shown in Tabie 1.VIll. The concen-
trations of all the elements are low, except in the case of Ni alloys
leached in Q-brine, where the Ni concentration reaches 60 ppm.
The concentrations of the alloying constituents in the leachant
increase slightly as the temperature is increased (not shown in
the table). A likely choice as container material for long term
leaching would be titanium. Follow-up experiments on these
vessels under active conditions in a hot cell are under way. Here
the additional influence of irradiation will be tested.

Tabie 1.VIil - Resuilts of “blank’’ leaching experiments with
metallic inserts at 200°C

Element in Nickel Hastelloy inconel Titanium
leachant insert insert insert insert
Al dli10.02 dl /0.06 dlr0.03 dl /0.05
B 011704 004105 02107 007106
Ca 061706 10109 16142 13108
Ce dl/ 0.08 d /01 dl/02 gt/ 0.07
Cr 005101 dl/o1 dio3 d /006
fe d/0.05 di /002 ai025 al 0.1
Mg di/dl 005174d 04 1dl 154d
Mo [ ) drrr2 drid d/d
Mn d/09 01708 005122 0041706
Ni 1313 024124 035160 dl 125
Si 01704 01706 03711 037058
St <0.01/003 0.01/0.03 <0.01170.06 <0.01/003
Ti did di/dl dridl didl
In 002701 <001/33 dii27 di/33
u 03718 daits d /40 dl t 01

The results are presented in the table as the element concentration in ppm in demineralized
waterfelement concentration in ppm in Q-brine {d! = below detection timit). The elements Cu,
Eu end Nd were also determined, but were always below the detection limit.

Simple statistical tests, such as regression analysis and analysis
of variance have been applied to data obtained from leaching
experiments carried out under various conditions of temperature
and time. The precision and accuracy of the overall leaching
procedure were evaluated considering the short term within
laboratory effects.

The data originated from determinations of the mass loss of
leached glass specimens and from the measurements of the
electrical conductivity and the pH of the leachant. The solution
conductivity correlates highly with the normalized mass loss;
hence it provides a consistency check on the measurements
of the latter parameter. The relative precision of the overal
leaching test method was found to be 5-12%, including the
effects assignable to inhomogeneity of the glass specimens.

Furthermore, the conditions for the use of the teflon inserts used
in leaching devices have been investigated. A modified cleaning
prccedure has been proposed to ascertain the absence of
systematic errors by the repeated utilization of such inserts. The
cleaning of the containers should include a heat treatment at
200°C after the appropriate wet cleaning. The teflon inserts
should not be used in leaching at temperatures equal to or above
200°C for extended periods. For further details on the work see
reference /1/.

Reference

/11 H. BOKELUND, K. DEELSTRA — Radioactive Waste Management
and the Nuclear Fuel Cycle (accepted for publication)

1.4 Characterization of High Activity
Glass (M. Coquerelle)

Taking into account the development of the programmes at JRC-
Karlsruhe as well as the competence and the existing
infrastructure for highly active work, and the benefits of a deeper
collaboration with other JRC establishments, it was decided to
upgrade the future contribution to the Radioactive Waste
Management programme. The future availability of fully active
glasses from the PETRA installation and the need for near-field
model validation by tests on actual waste forms seem to well
justify an effort in the *'Characterization of Nuclear Waste Forms".

Preliminary characterization tests were started on three highly
active borosilicate glasses (up to 287 Ci/kg, containing 15 to 33
w/o fission products) provided from the ESTER experiment. This
activity was carried out in the framework of a collaboration ENEA
COMB-SVITE/JRC-Ispra. Chemical composition of these
materials is indicated in Table 1.1X.

Table 1.1X - Chemical composition of ESTER glasses

Crucible 4  Crucible 6  Crucible 8
SiO; (%) 36 50.9 43.4
B10; 9 11.2 17
AlO3 2 2.13 12.75
Na,O 5 13 10.67
Li,O 2 6.7 5
K20 3
Ca0 1 8.97
TiO,0 6 0.33
CuO 3
WO, 33 15 15

In this work emphasis has been placed on the morphology,
distribution and composition of the matrix and phases
precipitated within it.

As the experimental results have not been entirely discussed
with ENEA experts, we will restrict ourselves to a brief description
of the main experimental results giving more a picture of our
experimental capabilities than a report on the characterization
of these borosilicate glasses.

After checking the axial distribution of the mass and fission
products of the glass crucibles by gamma scanning and
radiography (Fig. 1.19) three transverse cross-sections through
the crucible were cut and polished. From these, samples for
microstructure examination were prepared. To this end,
quantitative microscopy, scanning electron microscopy, back-
scatter imaging and EDAX analysis were employed.

The more relevant analytical results can be summarized as
follows :

a) Two of the glasses showed an unusual structure with
precipitated secondary phases heterogeneously distributed
within the matrix (Fig. 1.20); one of these glasses (57 Ci/kg,
15 wio fission products) seems to be a two-glass system
(Fig. 1.21).

b) Elemental composition of the secondary phase, given by
EDAX analysis, indicates the presence of four phases
composed of following elements : Cr, Ni, Fe; U; U, Pu and
U, Mo compounds (Figs. 1.22 and 1.23).
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Each of the revised five chapters of the guide,

I. Planning of Monitoring Systems

Il. Principles and Theory of Radiometric Assay
lll. Passive Gamma Assay

V. Passive Neutron Assay

V. Active Neutron Assay

is now completed and edited /11/. Nevertheless, each chapter
is subject to continuous revision following the development of
methodology for Pu-waste monitoring.

The present work is concentrated on the following items.

Multiplication and absorption corrections for passive neutron
measurements of FBR fuel fabrication residues. The
measurement of cans containing FBR fuel fabrication residues
by NDA gives rise to some problems relating to neutron muiti-
plication and absorption in the bulk material. There are frequent
requirements for NDA verification where the physical form of the
material is not known and where a mixture of several forms (e.g.
powders, granules and pellets) are present.

Correction for curium emission in passive neutron
measurement of head-end FBR wastes. The possibility of
applying high multiple coincidence detection systems to this
problem is useful and an initial basic assessment of the problem
has been made at Ispra based on plutonium and curium neutron
emission data supplied by DNPDE. The overall uncertainty on
these measurements may be relatively high (-50-80%), but the
final result might still be sufficiently precise when several hundred
items are considered.

Modification of the NDAS neutron interrogation model to allow
for the use of a californium shuffler. The original sealed tube
neutron generator on the NDAS neutron interrogation system
has now been replaced by a californium shuffler. The earlier
mathematical modelling work will therefore require some
modifications to accomodate the lower neutron energy and the
change in the irradiation cycle. A new calibration has just been
completed for the californium shuffler and provision has been
made for the special conditions required for the measurement
of separators for solid residues.

The earlier model will be brought up-to-date and a software
package prepared suitable for routine application.

European Intercomparison Campaign

The aim of this exercise is to compare various NDA techniques
to be used for the monitoring of drums containing Pu-
contaminated wastes. It is organized by the DG Xl! in the frame-
work of the shared-cost action programme on Radioactive Waste
Management. This exercise groups 6 laboratories to a common
action, namely CEA-Cadarache, CEN/SCK Mol, ENEA-Casaccia,
KfK, UKAEA-Harwell and JRC-Ispra. The scientific secretariat
of the overall exercise has been assigned to the JRC-Ispra. The
configurations of the modular waste drums to be measured were
defined by :

the drum size : 220-100-25 liters

the matrix nature : polyethylene of 0.1 and 0.3 g/cm’

concrete,

Pu samples : PuO,- (Pu+Am)O; of 110-200-500-1000 mg

sample position : aluminium axial guide tubes at radius =

0-RN2-R.

In addition, seven sealed drums with unknown configurations
and two real waste drums have been measured.

The preparation of the final report is in course.
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RESEARCH AREAS

2. Safety of Waste Disposal in Continental Geological Formations

This activity includes both theoretical evaluations and related experimental activities in order to perform long-term risk assessments
of waste disposal in continental geological formation.

The scientific goals of this research area are :

a) to develop risk assessment methodologies and computer codes which can be applied to waste disposal concepts under study
in the European Community. The framework of this activity is the PAGIS project which links all concerned European laboratories
in a EC-coordinated effort on “'Performance Assessment of Geological Isolation Systems’'. In this area, the JRC-Ispra has been
particularly active in developping probabilistic assessment methodologies and computer codes, such as LISA, PREP and SPOP,
which have been widely used in the EC. The Ispra team is also actively involved in the verification of the correct performance
of probabilistic assessment codes, organizing intercomparison exercises in the framework of the NEA-PSAC working group;

b) toinvestigate and model the processes which, in the long term, will or could occur in waste repositories and in their neighbourhood
and modify the radioactive source term. The experimental study of near-field phenomena aims at obtaining physical models of
the relevant processes, which are then translated into mathematical terms for safety assessment, frequently in a simplified form.
The interaction of near-field components such as buffer and backfill materials and waste package components such as steel,
glass and concrete are studied. A special attention is given to surface layer formation, which is important in determining the release
rate of radioisotopes at disposal;

¢) to investigate and model the processes which govern the transport of radionuclides from the repository through the bulk
of the geological formation and neighbouring geological strata up to the biosphere. As in the near-field studies, the final goal
of this activity is the obtention of representative models for safety assessment. The geochemical conditions existing at depth are
simulated in the laboratory, frequently through the use of sophisticated equipment such as anoxic boxes with controlled atmosphere,
and highly sensitive analytical techniques such as laser spectroscopy. Preparatory activities for mode! verification by in-field
experiments and the study of natural analogues are also carried out.

Contents

2.1 Risk Assessment
2.2 Near Field Evolution
2.3 Far Field Studies
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2.1 Risk Assessment (A. Saltelli)
The PAGIS Action

The PAGIS action (Performance Assessment of Geological
Isolation Systems) was started in 1982 to investigate the general
capability of selected geological formations and of the associated
engineered structures to dispose vitrified High Level Waste so
as to protect present and future generations and their
environment. The evaluation is performed on the post operational
phase through approaches and assessment methods largely
common to the various options selected for the study, which are
inland formations commonly found in the European countries :
clay, granite and sait. The study also considers emplacement
in the sub-seabed as an alternative to land based repositories.

PAGIS is a shared-cost action involving four European national
institutes (CEN/SCK (B), CEA/IPSN (F), GSF/IFT (FRG) and NRPB
(UK) ), a coordinating group from the DG Xil in Brussels and
the JRC. A report covering the first phase of the action was
issued in 1984 /1/.

The activity of the JRC Risk Assessment group in the PAGIS
action was mainly to support the various institutes on the
methodological issues and to provide a peer review for the
comprehensive reports covering the four options, whose
preparation has taken most of 1987.

Boxes 1 and 2, extracted from the PAGIS summary report
(whose publication is expected by end 1988), illustrate a section
of the PAGIS methodology : the stochastic performance
assessment based on Uncertainty Analysis (box 1) and Sensitivity
Analysis (box 2).

Methodologies and Computer Codes

LISA, PREP and SPOP

One of the main achievements of 1987 was the 3rd release of
the LISA code delivered to the NEA data bank cf Saclay for
further distribution. The code LISA (Long term Isolation Safety
Assessment) has been developed at the JRC-Ispra to enable
estimates to be made of radiation exposures which may affect
future generations, as a consequence of radionuclide releases
from nuclear waste repositories.

The code can be used to analyse release scenarios from waste

repositories situated in sedimentary formations (argillaceous

strata and seadbed sediments), and includes the following
functions :

- decay chain evolution of the source term, as a function of
time,

- radionuclide release from the repository, and migration
through porous media by diffusion and advection,
radionuclide dispersion into fresh-water or sea-water bodies,

- pathways to man and dosimetry.
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The first version of LISA was prepared in 1984 and, since then,
14 different organisations have requested this code. In 1987,
a new version of LISA was prepared (LISA 4) which includes
the transport code TROUGH, developed from Polydynamics of
Zarich. Unlike the preceeding versions, LISA 4 is not for free
distribution, i.e. it is intended to be sold as a commercial product.

In the same year, two more tools related to the code LISA were
issued : the PREP and SPOP codes. They are now available at
the NEA data bank of Saclay. These two short computer
programs tackle the problem of analysing model output
uncertainty and model sensitivities. The PREP program (data
PRE Processing unit) prepares the sample for a Monte Carlo
simulation using the distribution functions of the input variables.
The user is allowed to request any degree of correlation among
the variables. Once the sample has been generated (with PREP)
and Monte Carlo simulation has been performed (with a user
supplied model) the utility SPOP (Statistical Post Processing unit)
comes into use, performing uncertainty analysis and sensitivity
analysis on the model outputs.

Boxes 1 and 2 from the PAGIS summary report in preparation
show some principles of applications of these probabilistic
methods.

JRC-ENRESA Cooperation

The LISA code development was the subject of a cooperation
established between JRC and ENRESA (Empresa Nacional de
residuos radioactivos S.A.).

One aim of this activity is to assist ENRESA in setting up all the

conceptual and computational tools needed to perform a site
specific risk assessment on a potential disposal site in granite.
This proposal involves a transfer of know-how and of specific
computational tools (such as the LISA and SPOP codes) as weli
as an active work of joint development needed to adapt LISA
to the granite option being considered in Spain.

ENRESA shall provide a scientist for one year to work on the
task agreed upon, the work being carried out with the Risk
Assessment group of the JRC at Ispra. The cooperation
agreement has become operative in June 1988.

Risk Quantification

An important aspect of the probabilistic performance assessment
methodologies is the quantification of risk. A paper on the
practical implementation of the risk computation, following the
ICRP publication 48, has been prepared (Safety Assessment for
Nuclear Waste Disposal. Some Observations about Actual Risk
Calculations, by A. Saltelli and J. Marivoet, 1988). It deals with
how to compare risks arising from different scenarios on the
same risk diagrams (see box 3). This is particularly needed for
the safety assessment of a disposal site, where some scenarios
are certain to occur and others are of probabilistic nature. A risk
diagram allows a synoptic view of the risks from the various
scenarios, showing - at the same time - their probabilities and
consequences.


















samples begins to increase reaching after about 80 days a
steady increase rate of 3x10”% gricm® day.

An analysis of the surface by XPS has shown the presence of
carbon, iron, silicon and traces of calcium. The samples were
etched using a solution of oxalic acid and water peroxide. A
further analysis has shown the presence of calcium, iron and
silicon. It appears that the surface scale is formed orimarily by
calcium carbonate and iron silicate.

A detailed report is in preparation.

Surface Layer Formation and Radionuclide Release
(A. Manara)

The aim of this activity is to obtain a description of the processes
occurring in the surface layers of vitrified waste in different
chemical-physical conditions regarding both in pH and EH.
Weight loss and ESCA measurements are performed to
determine concentration and valence of the different elements
in the surface layers in order to have a picture of the situation
after leaching in different conditions, i.e. different gas atmosphere
during leaching process.

Surface and structural studies

It is commonly acknowledged that with time underground
storage-deposits are prenetrated by deep water, which, after
having corroded the steel containers, begins to corrode the
glass. This deep water can have different chemical-physical
conditions regarding both its composition and its pH and EH.
In a previous study /1/, the influence of redox conditions on the
leaching of elements having multiple valencies was studied. The
leaching was carried out using the Sohxlet method, which
foresees a continuous renewal of the distilled water used as a
leaching agent. In particular, the behaviour of Fe and U was
examined.

The concentration in -HCO; ions was added in the present study
as a quantity to be investigated. It is, in fact, known that certain
elements, especially actinides, form soluble complexes in
presence of such ions. The tests were carried out in such a way
as to define both the elements on the degrated surface of the
glass itself. The tests were carried out in a static system so as
to be able to compare the results obtained with those obtained
during the preceding dynamic tests.

The experiments were conducted in polycarbonate vials, into
which two glass samples - one large and one small - were
introduced. The samples, tied with platinum wire, were immersed
into distilled water with an electrical resistance of more than 2
MQ. The ratio-leached surface/leaching solution was 0.25.

In order to obtain the different redox conditions as well as the
different conditions of bicarbonate ions, the leach:ng solutions
were balanced with different gas mixtures (Table 2.1).

The results obtained from the analyses of boron, sodium and
silicon in the leaching were used to calculate normalized loss.
It was observed that such data, as is also true for the global
weight loss, can be fitted as a function of time according to an
exponential function,

AW; = At

The evaluation of the parameters A and n was carred out using
the least squares method for the different cases. The results are
shown in Table 2.1I. The standard deviations of the coefficient
A, obtained assuming that the exponent n does not contain
errars, are shown in the same table.

it can be seen that there is no substantial difference in the
exponent in both oxidising and reducing conditions. The data
can be divided into two groups. The equivalent weight losses
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Table 2.1 - Composition of different gas mixtures

Component % in volume Mixture
Oxygen 20.2 |
Argon rest

Carbon dioxide 0.4 (5x1073M/))

Oxygen 20. Il
Argon rest

Carbon dioxide 0.4 (5x10°M/l

Hydrogen 5 1
Argon rest

Hydrogen 5 \Y%
Argon rest

Table 2.11 - Values of the coefficients A and n in the different conditions

Condition A oA n
Aw(B205) in Arg + 0, + CO; 3.53x10* 8.6x10°¢ 0.42
Aw(B20s) in Arg + Hz + CO2 3.00x10* 7.2x10°¢ 0.42
Aw(Na,0) in Arg + 02 + CO, 3.73x10° 1.1x10°% 0.42
Aw(Na;0) in Arg + H, + CO, 3.27x10* 1.4x10° 042
AW(Si0,) in Arg + 0, + CO; 7.73x10°° 2.5x10°¢ 0.31
AW(Si0,) in Arg + H, + CO» 7.26x10°% 2.6x10°¢ 0.31
AW in Arg + 0, + CO, 1.30x10° 3.7x10°¢ 0.35
AW in Arg + H; + CO; 1.17x10° 2.3x10°® 0.35

due to the release of boron and sodium which show a common
exponent close to 1/2. The weight loss of the sample and those
equivalent due to the release of silicon which show an exponent
close to 1/3. It would appear reasonable to conclude that the
release of sodium and boron follows a different mechanism from
that of silicon.

A phenomenon depending on time according to a power of 1/2
can be identified with a diffusion mechanism. It therefore appears
likely that the velocity of degradation, and consequently the
release of boron and sodium, is controlled by diffusion in the
surface layer. The variation in weight and the release of silicon
seem, on the other hand, to depend also on a reprecipitation
mechanism of some complex silicates.

A statistical analysis of the coefficients using the ""Student' test
shows that the difference existing for every Aw between the oxi-
dising and the reducing conditions should be considered signi-
ficant even at a confidence level of 99%. The oxiding condition,
therefore, makes the weight loss as well as the velocity of
degradation slightly higher. Surface analyses were carried out
on silicon, uranium and iron concentration using the XPS method
on the small samples with a diameter of 6 mm. The samples were
examined exactly in the same way as received and after two
different sputtering times, 10 and 70 minutes. The sputtering,
carried out by bombarding the surface with argon ions, permits
the successive removal of thickness from the surface layer. In
such a way the concentration variations of the layer thickness
can be revealed. In order to make the leaching processes, which
cause the formation of the surface layer, more evident, the
concentrations of the various element will be related back to the
concentration of the base glass.

In Fig. 2.4 are shown the values of the concentration relative to
silicon as a function of sputtering time. It can be seen that even





















properties of chloride compounds counteract the beneficial
effects of hydroxide gel Cr(OH); and Ni(OH), (presenting
properties similar to CSH gel), which contribute to the increased
mechanical strength of cement samples.

Density and porosity. The strengthening effect of added
materials should equally be confirmed by the values of density
and porosity (by Mercury Intrusion Porosimetry) reported in Table
2.Vl. These values indicate an increase in density and a
decrease in porosity following the trend of the values of the
compressive strength.

Table 2.Vl — Physical properties measurement on cement
samples doped with chromium and nickel
compounds (W/C = 0.65)

Density Density Pore
SE/C AD PD volume
(g/cm’) (g/cm’) (cm’/g)
Chromium chloride CrCl3.6H,0

— 1.76 2374 0.272
0.0133 1.76 2.390 0.208
0.0267 1.80 2.308 0.164
0.0533 1.84 2.422 0.125
0.0677 1.87 2.302 0.1555

Chromium anhydride CrO;

— 1.76 2.374 0.272
€.0133 1.78 2.421 0.269
0.0267 1.75 2.580 0.264
0.0533 1.77 2.491 0.250
0.0677 1.81 2.880 0.257

Nickel chloride NiCl,

— 1.76 2.374 0.272
0.013 1.80 2.333 0.218
0.026 1.80 2.397 0.175
0.040 1.80 2.332 0.156
0.068 1.81 2.280 0.165

AD = Apparent (bulk) density

PD = Pycnometric density

Leaching Results

The high alkali media in the cement hydration contribute to the
formation of insoluble hydroxide in the reduced state of Cr3+
and Ni2*. Low concentrations in the leachate were observed
for chromium = 10" M/L and nickel = 6.8x10°® M/L, confirming
the values reported in the literature. The formation of chromium
and nickel hydroxide takes place by the following stoichiometric
reactions :

xCa(OH); + yM Clx + nH0 2 yM(OH),.nH.0 + CaCly
in which M = Cr3* or Ni2+.

The formation of CaCl; is confirmed by the release of chloride
in the leachate; nearly all of it is released in the first days o*
leaching, compared to the low amount of chromium and nickel.

On the other hand, chromium in the 6 + valence state presents
very high solubility probably due to chromate formation.

The fractional release C/Co of chromium 6+ vs time can be
represented by the equation :

C/Co = Bt" M

A straight line is obtained for the first 30 days of leaching. A value
of n.= 0.25 appears to suggest that chromium can be released
by one of the following mechanisms :

1. The kinetic release of chromium(VI) follows a double diffusion
mechanism similar to that observed for calcium which is unlike
the release of cesium and strontium which diffuse from the
bulk to the external surface and follow the simple diffusion
mechanism predicted by the slope n = 0.5 in eq. (1).

2. The release of chromium(VI) seems to depend on the kinetic
release of calcium because of the formation of chromates
with calcium. In this case the release of both calcium and
chromium appears to be controlled by the CSH gel. The slope
n = 0in eq. (1) after 30 days of leaching can be assumed
to depend on the high solubility of calcium chromate (1.5x10™
M/L) resulting in a depletion of the external layer of the
samples during leaching.

When the amount of chromium (6 +) leached out is plotted as
a function of pH on a standard predominance diagram for Cr(VI)-
OH- species at 25°C (Baes, 1976), the data points are scattered
in a region with dominant chromate ions (Cr0O%’), so chromium
in this case is leached out mainly as Cr{VI).

Remarks

From the results of our works and from those published
elsewhere, we can distinguish the behaviour of elements or
compounds conditioned in cement :

1) elements forming insoluble hydroxide (such as Act, Cr3+,
Ni2+) for which the cement represents a good host material;

2) elements forming compounds with calcium and presenting
a double diffusion kinetic release similar to that of calcium
(CrOF, SOY);

3) soluble elements or compounds (such as Cs, Sr, NO3)
presenting a diffusion kinetic release for which a matrix
structural modification will contribute to increase the retention
capacity.

In the light of the present results, cement composites represent
a good material for immobilization of elements in reduced
valence state (Cr, Ni, Act). A beneficial effect on physical
characteristics has been observed by blending chromium and
nickel compounds almost at the concentration limit of about
5 wt% in cement.

The results of the physical properties and leaching experiments
suggest the feasibility of cement as a favourable confinement
matrix (but Cs and Sr) for immobilization of MLW streams.

2.3 Far Field Studies
(G. Bidoglio, M. D’Alessandro)

A grounawater flow through the repository may lead to the
mobilization of radionuclides from waste forms. Contarminated
groundwaters could then be discharged into surrounding
aquifers and reach surface waters. A thorough understanding
of the role of the surrounding geologic body in ensuring an
adequate nuclide containment is therefore needed. Progress in
this direction is limited by the extremely low concentrations
involved and the complex chemistry of radionuclides in
multicomponent natural systems. Analytical results from radio-
ecological measuring procedures alone are of little help for the
interpretation of natural events. Additional information is needed
on the nature of solid-liquid interactions, the solubility limits of
radionuclides, the presence of inactive carriers and competing
ions, the rate of geochemical reactions, the hydrodynarnic of
groundwater flow. 1
























International Co-operative Projects

Within the CEC co-ordinated project MIRAGE, the JRC-Ispra
participates in the working group on COlloids and COmplexes
(COCO club). Work concentrated on :

1. characterization of humic substances,
2. characterization of natural colloids in groundwaters from
re‘erence sites.

The purpose of the first exercise was to evaluate the reliability
of available analytical methodologies to provide information on
the composition and the structural chemistry of humic acids.
Accordingly, the investigations during this phase focused on
reference products : two commercial humic acids from Aldrich
and a natural humic acid extracted from a Gorleben ground-
water (Gohy-573). Investigations made include : major and trace
element analysis (with a contribution from the Dalhousie Univ.,
Halifax, Canada), functional group analysis (spectrophotometry
in the visible and UV region, infrared spectroscopy, NMR,
potentiometric titrations), molecular size measurements (ultra-
filtration and ultracentrifugation). The ultrafiltration results of the
Gorleben humic acid reported in Table 2.XII, indicate a poly-
dispersed system with particle size below 3 nm. In parallel,
attention is paid to the identification of natural colloids (exercise
No. 2). Groundwater samples from the Markham Clinton (UK)
sandstone aquifer were analysed. The same exercise is under-
way with groundwaters from Gorleben and Grimsel (CH). A
meeting of participants in the COCO club was organized in Ispra
in October 1987.

Table 2.XIl — Ultrafiltration data of the Gorleben humic
acid (Gohy-573) in 0.1 M NaClO;

Nominal MW  Porosity pH 5.5 pH 8.5
cut-off* nm % retained % retained
1x10° 5 26 27
3x10* 2 14 36
1x10* 1.5 55 61
500 1 96 99

* Amicon membrancs

Within the OECD/NEA project TDB (Thermodynamic Data Base),
the JRC-Ispra is contributing to the development of a data base
for Am. Aim of the TDB is to compile and critically review literature
data for a number of elements of interest to safety analysis.

A joint project, ENRESA-CIEMAT (Spain}/JRC, on the
investigation of radionuclide migration in crystalline rocks was
established. The study will involve the following activities :
groundwaters and rock materials characterization, evolution of
natural colloidal fractions in granitic groundwaters, laboratory
migration experiments through intergranular pores and
permeable fractures.
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RESEARCH AREAS
3. Feasibility and Safety of Waste Disposal in Deep Oceanic Sediments

The technical feasibility and environmental acceptability of disposing high-level nuclear waste in geclogical formations under selected
zones of the oceans is presently being investigated by the International Seabed Working Group (SWG) of the NEA. Several countries
of the EC participate in the study and the Commission is an official member of the SWG, and joint programme co-ordinator (with
Sandia National Laboratories, USA).

The SWG is at the moment completing an evaluation of feasibility and safety of sub-seabed disposal. A first evaluation should
be completed within 1988.

In the framework of the feasibility and safety assessment of this option, two main emplacement technologies have been identified;
those of free-fall penetrators and deep ocean drilling. An initial emphasis is being placed by the JRC on the study of the penetration
option due to the lack of information on its feasibility compared with that of drilling. Deep drifling has been practiced, over at
least the last 15 years, in many parts of the world’s oceans, although not as yet as the scale envisaged for nuclear waste disposal.

The approach of the JRC is to develop all the mathematical models necessary to undertake an initial assessment of the option.
These include the use of the JRC probabilistic code LISA for radiological dose calculations, the application of models for sediment
radionuclide dispersion under the influence of diffusion or caused by migration due to pore water movement and the development
of models for the prediction of the mechanisms controlling penetration and hole closure.

The application of the above range of models for the feasibility and safety assessment will require the support of a realistic data
base and model validation. It is intended that these will be obtainec essentially by in-situ tests and laboratory simulation experiments.

In-situ tests have been carried out in international campaigns, to which the JRC has participated both directly and by extensive
geochemical studies of the sediment cores taken in these campaigns (namely, for 1987, the ESOPE cruise). Advanced instrumentation
for long-term in-situ tests, with direct data transmission to the laboratory via satellites, has also been under development for several
years at the JRC.

Laboratory simulation experiments are carried out at the JRC in conditions as close as possible to those of deep oceanic sediments,
under controlled pH and Eh. The influence of the high pressure existing at sediment depth (over 500 bars) is also being studied.
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corresponding probability functions generally provide distribution
coefficients which are smaller in the oxidized zone. Porosity
values are normally equal or higher in the oxidized zone.

As a consequence of these differences, the sorption capacity,
or barrier effect, of this second upper layer is generally weaker
than that of the lower mildly reducing zone, particularly for *Tc,
the radionuclide most influencing the dose. The thickness of the
oxidized layer is, therefore, positively correlated with the output
doses (for a given total sediment column length, the increase
cf this variable reduces the thickness of the first layer and,
therefore, the total barrier effect of the sediment column is
reduced).

Conclusions

A stochastic radiological assessment of the sub-seabed option
has been completed which forms part of the JRC's contribution
to the work conducted by the Radiological Assessment Task
Group of the OECD (NEA) International Seabed Working Group.

No sigrificant differences in the results were found between the
two sites considered (GME and SNAP), although the quality of
their sediments is slightly different. For the base case scenario
the peak of the mean dose rates over time for the maximally
exposed group of individuals is in the order of 2.9x10”° Sv/a for
the complete repository of 10° metric tons of heavy metals waste
equivalent,occurring 150,000 years after disposal. This is more
than 10° times smaller than ICRP recommended limits (107 -
10 Sv/a), and also about 3.4x10° times smaller than
background levels; such very small doses are negligible and
insignificant. The uncertainty range of maximum dose rates,
independent of time of occurrence, falls between 3x107'* and
4x10® Sv/a. The highest dose calculated by the stochastic
analysis, in a sampie of 500 runs, was 2.5x10® Sv/a which is
still more than 4x10* times smaller than ICRP limits. These results
correpond well with the values obtained by the deterministic and
bracketing exercises. The radionuclides contributing most to
these doses are those which are long-lived and poorly sorbed,
principally **Tc, but also with contributions from 7°Se, 125Sn, 129
and '**Cs. The major pathway is the consumption of fish,
molluscs, crustaceans and seaweed.

3.2 Instrumentation for In-Situ
Experiments: The SOFT LANDER
(C.N. Murray)

As has been reported in earlier Programme Progress Reports
as well as in the present one, section Laboratory Simulation
Expeniments, the Joint Research Centre has been investigating
the geochemical characteristics of selected marine sediments
from sites of interest (Great Meteor East and Southern Nares
Abyssal Plain) in the North Atlantic. Studies have been carried
out in the laboratory on the mechanisms controlling the migration
and diffusion of long-lived radionuclides through sediment
samples obtained from the above sites as well as in the
development of models to investigate the dispersion of the
elements with time in these materials.

Results from the radiological modelling work have shown that
the sediments under study are extremely capable of retarding
the migration of nuclides and that they represented a very good
barrier against their dispersion into the water column. It has also

been shown, however, that for certain of the nuclides which
formed soluble non-absorbed chemical species, the migration
rate would be highly dependent on pore movement within the
sediment column.

The detection of fault like structures in certain areas of the study
sites in the North Atlantic lead to the possibility that vertical pore
water movement might be occurring along the fault lines and
that preferential pathways to the sediment surface could exist.

In order to investigate this possibility more closely, the Seabed
Working Group undertook an International Long Core Cruise
during June-July 1985 (see PPR 1985). On this cruise core
samples of up to 34 m in overall length were obtained for detailed
geotechnical and geochemical study. A second approach to this
problem was investigated; this was the feasibility of undertaking
long-term experiments in the sediment column and to obtain the
data in real-time at a European based laboratory. The availability
of the data during the actual investigation would allow a control
of the correct execution of the experiment as well as permitting
real time model verification to be undertaken. Tests carried out
from the M.V. Marion Dufresne during the cruise showed that
an acoustic link could be set up between instrumentation
emplaced within the sediment column and that data could be
transmitted from the sea surface via the European Space
Agency's Meteosat geostationary communications satellite to
Darmstadt (FRG).

These encouraging results lead to the development of a surface
platform. wiiich has continued during 1987, for data reception
and transmission and a retrieval deployment vehicle. For a
detajled description of surface platform, see PPR January-June
1986.

Design work on the deployment vehicle, a “'Soft Lander”, as
it became to be known, was started in 1987 with the definition
of the performance requirements in relation to its operational
objectives.

Operation Objectives

In view of the importance of the top few metres of the sediment
column, where active biclogical and geochemical processes are
occurring, a vehicle was required that could be easily deployed
and recovered, inexpensive and capable of emplacing various
types of instrumentation in and on the seabed.

The operational objectives of the Soft Lander were thus defined
as being: to deploy a reasonable load of specialized
instrumentation within the first few metres of the sea floor; to carry
sufficient power for the emplaced sensors so that they could
undertake their experimental investigation for a period of several
months up to one year; to transmit the data obtained from within
the seabed back to the surface via a low frequency acoustic
transponder and after completion of the study period to return
to the sea surface with the instrument load for collection and
redeployment.

Previous investigations had shown the feasibility of emplacing
instrumentation deep sea within the ocean bed using free fall
penetrator technology. However, the drawbacks to this technique
are that the instrumentation cannot be recovered; depths of
penetration are in order of several tens of metres, and that data
can only be recovered while the surface ship is on station.

These studies had, nevertheless, demonstrated the effectiveness
of this deployment technique and it was realized that by
decreasing the penetrator’'s velocity sufficiently, it should be
possible to emplace the instrumentation within the upper
sediment layers at a pre-determined depth.

Using a model developed for the prediction of the depth of free
fall penetration, as a function of their density and shape, it was
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Probability distribution function

Plan for Evaluation and Testing of Rad-
waste treatment Alternatives

Pulse fluctuation analysis

Pre Processor

Probabilistic safety assessment codes
Pulse to pulse analysis
Plutonium-Uranium-Reduction-Extraction-
Process

Pressurized water reactors

Radiological assessment task group
Sensitivity analysis

Solid element/cement ratio

South Nares Abyssal Plain

Statistical Post Processor

Seabed Working Group

Time correlation analysis

(TROUGH: Computer Code)
Transuranium (Institute)

Transuranium Institute

United Kingdom Atomic Energy Authority
Variable dead-time counter

Wieder aufasbeitungs Anlage Karlsruhe
Water/Cement ratio

X-ray induced Photoelectron Spectroscopy

71






European Communities - Commission

EUR 11914 — Radioactive Waste Management

F. Girardi

Luxembourg: Office for Official Publications of the European Communities
1988 - Il, 74 pp. — 21.0x29.7 cm

Series: Nuclear Science and Technology

EN

The safe and cost-effective management of the radioactive waste produced in the exploitation of nuclear
energy requires an important research and development effort in order to be fully implemented at an
industrial tevel. The Joint Research Centre initiated its activities in the field of radioactive waste management
in 1973. Four multiannual plans have been completed (1973-76, 1977-79, 1980-83 and 1984-87). The
act vities of the JRC are carried out under the Plan of Action on Fission, which also includes programmes
on Nuclear Materials Management and Control, Reactor Safety, Decommissioning of Nuclear Plants and

Nuclear Fuels and Actinide Research. These programmes are carried out by the JRC and by shared-cost

act ons. Coordination and Management Committees assure coordina:ion among the various actions and

with similar activities carried out in national laboratories. In addition to the research action programmes,
the Council approved in February 1980 a Community Plan of Action in the field of Radicactive Waste

(1980-1982) which assures the continuity of the R&D effort throughout the period and entrusts the

Commission with a wider role in the implementation of waste management practices. The activities of

the radioactive waste management programme of the JRC are largely executed by the Ispra Estbalishment,

with a participation of the Karlsruhe Establishment. Strict relationships ars maintained with the corresponding
shared-cost action programme on radicactive waste management. Important Community projects such
as PAGIS (Performance Assessment of Geological isolation Systems) and MIRAGE (Migration of

Radioisotopes in the Geosphere) are jointly coordinated.

The JRC programme is structured in three research areas :

1. Waste Management and the Fuel Cycle aims at characterizing waste streams of the nuclear fuel
cycle and minimizing them, particularly for what concerns the radionuclides which are responsible
of long-term risks.

2. Safety of Waste Disposal in Continental Geological Formations aims at evaluating the long-term
risks of waste disposal. It includes both theoretical evaluation act vities and experimental activities in
view of providing the necessary models and data base for the evaluation.

3. Feasibility and Safety of Waste Disposal in Deep Oceanic Sediments aims at evaluating feasibility
and long-term risks of this advanced disposal option. These activities are carried out in the framework
of a NEA-coordinated programme and the JRC contributes both in experimental and theoretical activities
and in the programme coordination.
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