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AGENDA OF MEETING BETWEEN PNC AND AEA ON COLLABORATION ON
RADIOACTIVE WASTE MANAGEMENT HELD AT HARWELL, UK.

19th-23rd July 1993

DAY 1: Monday 19th July 1993
1.1 Introductions and Welcome Address
1.2 Overview of AEA RDD Activities (Dr. S. Sharland)
1.3 Overview of PNC R&D Activities (Dr. N. Sasaki)
1.4 Presentation by AEA on Thermodynamic Databases and Speciation
» HARPHRQ modeliling including sorption modelling for PNC
(Dr. T. G. Heath)
« Coupled-chemistry transport and fundamental research on implementing
sorption calculations (Ms. A. Haworth)
« Coupled-chemistry transport and closely linked to assessment work
(Dr. A. V. Chambers)
1.5. Presentation by PNC on Thermodynamic Database and Speciation
« Status of PNC's Thermodynamic Database (Mr. K. Miyahara)
* Solubility Measurements (Mr. H. Yoshikawa)
+ Measurements and Analyses of U in Groundwater of the Tono Mine as a
Validation of the Database (Mr. K. Miyahara)
« Analysis of the chemical reactions of the water-iron-glass system
(Mr. K. Miyahara)

DAY 2: Tuesday 20th July 1993
2.1 Presentation by AEA on Understanding the Mechanisms of Sorption
« Comparison of Batch and Through-Diffusion methods (Dr. J. A. Berry)
* Discussion of Modelling Techniques for Batch and Through-diffusion
Experiments (Dr. A. Haworth & Dr. J. A. Berry)
2.2 Presentation by PNC on Understanding the Mechanisms of Sorption

+ Status of Surface Complexation Model (Mr. H. Yoshikawa)
+ Sensitivity Analysis for Sorption of Uranium (Mr. K. Miyahara)
»Validation Model for Sorption of Neptunium (Mr. K. Miyahara)

2.3 Round-up Discussion on Non-Commercial Collaboration
» Tonic Strength Corrections
« HATCHES Database



« Investigation of Sorption Behaviour
» Date of Next Meeting
DAY 3: Wednesday 21st July 1993
3.1 Presentation by AEA on other Experimental Studies
« Groundwater Evoluticn
* Glass Dissolution
« Colloids
«Microbial Action Under Repository Conditions
3.2 Tour of Facilities
« Main Radiochemistry Building
« Non-active Laboratories
1) Organic Degradation Work

2) Physical Properties of Geological Materials

« Surface Analysis Facilities

DAY 4: Friday 23rd July 1993

4. Presentation by AEA on Performance Assessment

(Mr.

(Dr.

(Ms. A. Haworth)

J.

A. C. Marples)

M. P. Gardiner)
(Dr.

A. Rosevear)

« Groundwater Modelling (Dr. A. Herbert)
» NAMMU/ADVIZE Demonstration (Mr. A. Cliffe & Mr. S. Morris)
» Hvdrogeological Characterisation (Dr. T. Lineham)

+ Introduction of Assessments
» Gas Generation

» Gas Migration

(Mr. D. Billington)

(Dr.

(Dr. P. Agg)
W. Rodwell)



Radioactive Waste ]

19th -23rd July 1993

1. Discussions on topics for collaboration between PNC and AEA Technology in the field

of radioactive' waste management were held between 19th and 23rd July 1993 at
Harwell.

2. Two of the three topics agreed as potentially suitable for future collaboration by Dr G
Owen and Dr H Kaneko at their meeting in Tokyo on 17th July 1992 were discussed.
The topics discussed were:

Topic a) Thermodynamic database and speciation; and
Topic b) Understanding the mechanisms of sorption.
Thermodynamic Database and Speciation
3. The agreements reached on the topic of thermodynamic database and speciation were:

i) PNC and AEA will discuss the results of solubility experiments on Se, Sn, Pd
at the next meeting;

i) AEA will model the solubility data on Se, Sn, Pd and Nd and amend
HATCHES, as appropriate. The version of HATCHES containing these data
(referenced to PNC) will be sent to PNC and the NEA.

Understanding the Mechanisms of Sorption

4, A work plan for the collaboration work on the topic of understanding better the
mechanisms of sorption was agreed. The work would take place in three stages.
More details of the work such as experimental conditions will be discussed before the
start of the work.
- Alumini t k
1) AEA plan to carry out batch sorption experiments with aluminium oxide to test

the suitability of this material for this investigation.

i) If the batch sorption experiments are successful, then AEA would send PNC
pressed discs of aluminium oxide for in-diffusion experiments.
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iv)

2 -

i)

If the batch sorption experiments with aluminium oxide are not successful then
AEA and PNC would jointly choose an alternative mineral to investigate.

AEA would model the batch sorption experiments with HARPHRQ and PNC
would model the results with HYDRAQL; then an intercomparison of results
would be made. AEA would also model the through-diffusion experiments
with CHEQMATE.

hi Tk

AEA would carry out batch sorption and reservoir-depletion experiments using
goethite.

PNC would carry out in-diffusion experiments.

Stage 3 - Montmorillonite Work

1) PNC will check the possibility of purchasing synthesised montmorillonite,
including an iron free version. When iron free montmorillonite is available,
PNC would supply AEA with 20g of it.

i) AEA would press part of the iron-free montmorillonite into discs, some of
which would be sent to PNC.

ii1) AEA would carry out batch sorption and through-diffusion experiments.

iv) PNC would carry out in-diffusion experiments with the iron-free
montmorillonite discs prepared by AEA.

5.  Further modelling studies on stages 2 and 3 would be discussed when experimental

results are available and when modelling studies in stage 1 (iv) have been performed.

6. The programme will be reviewed regularly as work progresses. However, members of
staff from AEA and PNC will meet to discuss the progress in the collaboration in
Japan, in October 1994, after the MRS meeting.

7. It is understood by the parties that each party's work, as detailed above are supported

on an annual basis by their own organisation, subject to internal reviews. Any changes

to the programme will be communicated to the other party as soon as reasonably

practicable.

N. Sasaki

RMC008.DOC
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MINUTES OF MEETING BETWEEN PNC AND AEA ON COLLABORATION ON
RADIOACTIVE WASTE MANAGEMENT HELD AT HARWELL, UK.

19th - 23rd July 1993

DAY 1: 19th July 1993
L1 Introductions and Welcome Address
The day began at 0930 with formal introductions.

Those present were: Dr N Sasaki PNC Tokyo
- Mr K Miyahara PNC Tokyo
Mr H Yoshikawa PNC Tokai

Dr S M Sharland AEA D&W Harwell

DrJ A Berry AEA D&W Harwell
Dr S J Williams AEA D&W Harwell
Mrs R McCrohon AEA D&W Harwell
Dr CJ Tweed AEA D&W Harwell
Ms A Haworth AEA D&W Harwell

Mr M Brownsword AEA D&W Harwell
Mr G M N Baston  AEA D&W Harwell

Dr T G Heath AEFA D&W Harwell
Dr A V Chambers AEA D&W Harwell
Dr D Brear AEA D&W Harwell

Dr K H Winters AEA D&W Harwell

A welcome address was then given by Dr K H Winters.

12 0 . f AEA RDD Activiti

A presentation of the management structure within Radwaste Disposal Division, and an

overview of the wide range of activities undertaken in the Division was given by Dr Sharland.

The following discussion arose from the presentation.

Q. KM (PNC). How is AEA involved in safety assessments for Nirex?

A. SMS (AEA). AEA are the prime contractor on the post-closure safety assessment
work for Nirex. We maintain close contacts with Nirex throughout the

work.

Q. NS (PNC). Do AEA use guidelines for cut-off of the probability of events
occurring? '

) RMC007.D0C
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SMS (AEA).

NS (PNC).
SMS (AEA).

KM (PNC).

SMS (AEA).
NS (PNC).

SMS (AEA).

KM (PNC).

SMS (AEA).

The probabilities of events and scenarios are generally included in the
risk assessments.

On the overhead of predicted timescales for the conditions in the
repository, was it correct that chemical containment will persist for
100,000 years?

Yes, that is our best estimate at the current time, based on choosing a
site with low groundwater flow and sufficient quantity of cement to

buffer the pH.

On the overhead of near field porewater toxicity, when does the
timescale start from?

From the time when the containment of the waste is breached.

What period of containment is assumed for these calculations?

For this calculation it was assumed that there was no containment. We
also perform studies on how containers fail and the consequences to the
activity in the near field.

How many containers will be in the repository?

Current figures are that more than 400,000 individual waste packages
will be emplaced in the LLW/ILW repository up to 2030.

I Overview of PNC R&D Activiti

A presentation of the R&D activities of PNC, focusing on HLW disposal, was given by
Dr Sasaki. Dr Sasaki gave copies of the latest research papers from PNC and a summary of
the "H-3" report to AEA.

The following questions arose from the presentation.

Q.  SMS (AEA).
A.  NS(PNC).
JAB (AEA).
A.  HY(PNC).
Q. CJT(AEA).

(Relates to overhead of position of radioactive waste related sites in
Japan). Is the Kamaishi mine deeper than the Tono mine?

Yes, it is deeper and there are a greater range of experiments.

From which mine did the granodiorite supplied by PNC for experiments
at Harwell come from?

The granodiorite came from the Tono mine.

The overhead of the Performance Assessment Model mentioned
solubility and corrosion but did not appear to mention sorption; why?
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A. NS (PNC).  Sorption, desorption and precipitation are considered under Nuclide
Transport in EBS.

Q. DB (AEA).  What sort of model is used for the fracture work?

A. KM (PNC). A single phase fracture model is used. Channelling or network models
are not used though they are being developed.

Q. SMS (AEA). (Relates to overhead on major tests in ENTRY project). We are
interested to see that experiments to investigate coupling are being
carried out at PNC as not many experiments of this type are being done.

When will these experiments be carried out and when will results be
available?

A. NS (PNC).  They will be completed as soon as possible.

p ion by AEA on Thermodvnamic Datal | Speciati

Dr C J Tweed, head of Geochemical Modelling Section, first introduced her colleagues and
described their fields of work.

Dr T G Heath HARPHRQ modelling including sorption modelling for PNC.

Ms A Haworth Coupled-chemistry transport and fundamental research on implementing
sorption calculations.

Dr AV Chambers  Coupled-chemistry transport and closely linked to assessment work.

Dr Tweed then went on to say how she would cover the background to the three research
areas listed below and that Ms Haworth would then go into more specific details on these
subjects. The research areas covered by Dr Tweed and Ms Haworth were as follows:

1.  thermodynamic database validation;
2. modelling of uranium in groundwater (natural analogue work and HARPHRQ); and
3. ionic strength corrections (including experience from the CHEMVAL project).

Dr Tweed and Ms Haworth suggested that two possible areas for collaboration with PNC
were the thermodynamic database and the ionic strength corrections.

The following questions and comments arose from Dr Tweed's presentation.

Q. HY (PNC).  Was the Ni and Cr mentioned in the overheads from engineered
materials?

A. CJT (AEA). The Ni and Cr are from components of a number of compositions and

the information was given for the purpose of showing the capabilities of
HARPHRQ.
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Comment

CJT (AEA).

Q. HY (PNC).

A.  CJT(AEA).

Q. KM (PNC).

A.  CJTIAHI
(AEA)

Q.  NS(PNC).

A.  CJIT(AEA).

Q. NS (PNC).

A.  CIT(AEA).

Q. NS (PNC).

A, CJIT(AEA).

Q. NS (PNC).

A. SMS (AEA).

AEA's HARPHRQ is at the forefront of QA'd status databases in the
world.

Was the sulphate ion concentration from the Pogos de Caldas mine in
reducing groundwater?

The groundwater was not very reducing, (0 to -200 mV) and so we
would expect some SO42" to be present.

The actinide decay scheme is considered very important in the
radioactive waste; can CHEQMATE take this into account?

Yes, CHEQMATE has been used to model some decay schemes, SMS
but it is primarily intended to focus on the chemical and transport
processes. Our assessment codes, MASCOT and STRAW

consider actinide decay chains, but include much simpler
representations of the chemical reactions.

Will a report on the verification and validation of the database be
published; and if so, when?

Yes, the document is at present in the internal review system, and we

hope that it will be published within the next twelve months.

Is this work a product of collaboration with the CEC?

No, some database validation has been performed as part of the
CHEMVAL project, and that work is already available.

Has work on the verification and validation of the database been funded
by Nirex?

Yes, this forms a key part of Nirex's safety case and therefore this
document will eventually be in the public domain.

How is the regulatory authdrity related to Nirex?

Her Majesty's Inspectorate of Pollution (HMIP) acts as the regulatory
body on behalf of the U.K. Government. HMIP will respond to Nirex's
proposals for radioactive waste disposal and address any areas of
particular concern. Data are sent to HMIP who are performing a
parallel safety assessment programme.

Questions and comments arising from Ms Haworth's presentation.

Q. NS(PNC).

A. AH (AEA).

RMC007.DOC

Where do the data in HATCHES come from?

We take literature data, mainly from critically-reviewed compilations
such as from Bard, Parsons and Jordan, and from Smith and Martell,
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and tables publishcd by NBS in Washington, plus in-house experimental
results.

Q. KM (PNC).  (Relates to overhead of uranium solubility predicted and measured).
Uranium carbonate was not mentioned.

CJT (AEA). This species is not thought to occur at pH 10.

Q. HY (PNC).  What solid data were used for the 80°C predicted time for uranium

solubility?
A. AH/CJT Predictions for uranium(VI) do not suggest a change in solubility-
(AEA) limiting solid phases. However, predictions for uranium(IV) do, but

we do not have data to substantiate this.

Q. HY (PNC).  How do you input a ligand grouping or molecular weight for organics
into HATCHES?

A. TGH (AEA). This would be entered in a similar way to a new element.
KM (PNC). How do you overcome the problems of organic ligands?

A. JABICJT In experiments well characterised simulants such as
(AEA). polyhydroxycarboxylic acids are used and these are entered into
HATCHES as individual complexes. We do not have specific
information on fulvic and humic acids.

Q. KM (PNC). The present estimate for the ionic strength for the Japanese repository
groundwater ionic strength is 0.5 M and a maximum 1 M. Why do the
AEA think that consideration of ionic strength corrections are
necessary? :

A. AH (AEA).  We have done work on ionic strength corrections because some of the
deeper groundwaters at Sellafield are very saline. This topic was of
interest to CEC, as a German repository is likely to be located in brine
and work has been done relating to this.

1.5.1 Status of PNC'S Thermodynamic Database

A presentation was made by Mr Miyahara and the following questions arose.
Q. CJT (AEA). Have the groundwater cations been included in PNC's database?
A. KM (PNC).  Not at present, but this will be addressed in the future.

Q. NS (PNC). What does AEA consider regarding change of phase with time?
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Al CJT (AEA). Usually we model the amorphous and crystalline phases separately.
These two solubility values are incorporated into the derivation of a
probability distribution function for the solubility, which is used in
performance assessment.

1.5.2 Solubility Measurements
A presentation was made by Mr Yoshikawa.

NB. On the overhead for the 3 methods of production of NaOHCOj there is an error in the
table: where it says 40% it should read 60%.

The following comment arose from the presentation.

Q JAB (AEA). Please could you let us know the details of the make of instrument that
can measure down to 0.01 ppm CO,?

A HY (PNC). Details of this equipment will be found for AEA.

1.5.3 Measurements and Analyses of U in Groundwater of the Tono Mine as a
Validation of the Database.

A presentation was given by Mr Miyahara and the following question and comments arose.
Q. CJT (AEA).  Are there any U(V) species in the database?

A. KM (PNC). Yes, we use the NEA database, but it is not a predominant species.

Comments.

CJT (AEA). We have excluded U(V) species in the Harwell database as, when the
NEA database was used at Harwell for UK conditions, it predicted
U(V) species dominant.

JAB (AEA). Experience of U(V) chemistry leads JAB to consider that it is very
unlikely to occur in groundwater.
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DAY 2: 20th July 1993

Those present were: Dr N Sasaki PNC Tokyo
Mr K Miyahara PNC Tokyo
Mr H Yoshikawa PNC Tokai

Dr S M Sharland AEA D&W Harwell

DrJ A Berry AEA D&W Harwell
Dr S J Williams - AEA D&W Harwell
Mrs R McCrohon AEA D&W Harwell
Dr CJ Tweed AEA D&W Harwell
Ms A Haworth AEA D&W Harwell

Mr M Brownsword AEA D&W Harwell
Mr G M N Baston AEA D&W Harwell

1P ation by AEA on Und jine the Mechani f Sorpti
2.1.1 Comparison of Batch and Through-Diffusion methods

Dr Berry gave a presentation of differences between batch and through-diffusion methods and
described a set of experiments soon to be carried out at Harwell to investigate this situation

using a single mineral. Dr Berry suggested that this may be an area for collaboration with
PNC.

2.1.2 Discussion of Modelling Techniques for Batch and Through-diffusion
Experiments.

Ms Haworth gave a presentation on modelling techniques and the following questions arose
from both her, and Dr Berry's presentation.

Q. HY (PNC).  The through-diffusion method is difficult to apply to some minerals and
rocks and batch sorption results depend on particle size. How do you
calculate the effects of differences between batch and through diffusion
and of different particle sizes? :

A. AH (AEA).  Differences could be due to two main reasons:
1). new surfaces are exposed on grinding; and
2). available surface areas are different

We have not addressed the first reason but with CHEQMATE we can
change the surface area in the calculations.

Q. KM (PNC). Have the through-diffusion and batch sorption experiments with the
aluminium oxide been carried out yet?
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A.  JAB (AEA).

KM (PNC).

A.  JAB (AEA).

Q. HY (PNC).

A. JAB (AEA).

Comment.

NS (PNC).

Comment.

JAB (AEA).

We are currently in the process of preparing the discs of aluminium
oxide.

Are the natural porewater and batch solutions very different?

In the far-field experiments we always use simulated groundwater and
in the near field cement-equilibrated water is used and therefore no
leaching occurs during the experiments. It is most important to get the
aqueous phase composition correct from the start of the experiments.

Why was bentonite not chosen for these experiments?

Bentonite was not chosen for these experiments as bentonite free of
iron could not be found by AEA. Experiments at Harwell with other
minerals examined by various surface analytical techniques have clearly
shown that sorption onto a very thin layer of iron oxide can dominate
that of the surrounding minerals.

In Japan,we will check the possibility of purchasing synthesised
montmorillonite, including an iron-free version.

We would be very interested in an iron-free montmorillonite. Even 100
ppm of iron could dominate the sorption, so ideally the iron content
should be undetectable.

2.2.1 Statlis of Surface Complexation Model

Mr Yoshikawa presented PNC's position in this area, and the following questions arose.

Q. JAB (AEA).

A. HY (PNC).

On one of your overheads, the sorption of selenium on bentonite was
said to be by surface complexation and yet on an earlier graph the Kd
was shown to be zero or very low; can you explain this?

The surface complexation model uses the percentage of goethite
present and sorption is on the goethite.

2.2.2 Sensitivity Analysis for Sorption of Uranium

A presentation on this subject was given by Mr Miyahara.

2.2.3 Validation Model for Sorption of Neptunium

A presentation on this subject was given by Mr Miyahara.

RMC007.DOC

22 Septomber, 1993



23 Round-up Di : Nop-C ial Collahorafi

The three areas proposed by AEA as candidates for collaboration with PNC were discussed in
detail.

2.3.1 Ionic Strength Corrections

Q. KM (PNC).  Our present value for groundwater concentration is not high in ionic

strength. Why does AEA consider that it would be useful to PNC to
consider high ionic strength corrections?

A. AHISMS/ The truncated-Davies equation may be sufficient, but modelling is
CJT (AEA)  required to ensure that the model is working well for each
particular groundwater.

KH (PNC).  Why concentrate on the ionic strength correction?

A. AHICJT There are not many situations where there is only one dominant
(AEA) reaction. HARPHRQ uses a complex array of reactions.

NS (PNC). What is the ionic strength of the groundwater at Sellafield?
A. JAB (A-EA ). The most common analysis of the groundwater in the host rock at the
proposed repository location shows an ionic strength of several times

that of sea water.

NS (PNC).  What causes the very high salinity?

A. CITIAH  ltis likely that the evaporite layer in the rock close by is the cause
(AEA) of the high salinity.

Comment.
NS(PNC). At present, the area of ionic strength corrections is not a priority for

PNC, and so should not be included in the collaboration but this may
change at a later date.

2.3.2 HATCHES Database

Comment.

KM (PNC).  The solubility of Se, Sn and Pd are not so well known as the actinides
and Tc.

RMC007.D0C 22 Soptember, 1993



Comment.

CJT (AEA).

Comment.

SMS (AEA).

Comment.

CJT (AEA).

Q. CJT (AEA).

A. NS (PNC).
Comment.
SMS (AEA).

Q. KM (PNC).

RMC007.D0C

The current status of the Harwell HATCHES database regarding these
three elements is as follows.

Se uses a compilation of data made by McKinley (1990) and has
been tested against AEA measurements under cementitious
conditions.

Sn information under non-cementitious conditions from PNC
would be very useful.

Pd No modelling done at all so far Pd data is in the database but
not many species are included.

We would like to suggest that PNC take a copy of the latest version of
HATCHES, (when you return to Japan). A user manual is currently
available and more extensive documentation is at present being
prepared. A conversion program also comes with HATCHES to
convert it to HARPHRQ or EQ3/6 format.

We have done much work since the publication of AERE R12324; for
many elements we have additional species. For example, the data for
uranium have been significantly changed since then.

When PNC supply AEA with data on Se, Sn, Pd and Nd solubility,
should the modified version of HATCHES be for the exclusive use of .
PNGC, or should it go to the NEA with the data referenced to PNC?

PNC would like the data to be published.

HARPHRQ has been modified from PHREEQE in the following three
ways and these modifications are included in the version sent to the
NEA:

1) fixed pH; ,
2) truncated-Davies method of ionic strength correction;
3) finite minerals.

We can give you this modified version before you leave. The sorption
module for use with HARPHRQ) is available under a commercial
licensing arrangement.

PNC have measured Nd as an analogue of Am; are there any data on
Nd in HATCHES?

22 Sopwmbor, 1993



A. CJT (AEA).

SMS (AEA).
A. KM (PNC).

KM (PNC).
A, SMS/ICJT

(AEA).
Comment.

AH (AEA).
Comment.

HY (PNC).
Q. CJT (AEA).
Q. HY (PNC).
A. CJT (AEA).
Q. HY (PNC).
A. CJT (AEA).
Q. HY (PNC).
A. CJT (AEA).
Comment.

HY (PNC).

We have always worked with Am and not an analogue, and therefore
there is no data in HATCHES on Nd.

How much data do you use based on Paul Brown's theory?

We use measured data where available, but when it is not, we use
Brown's theory.

Do AEA have a set of guidelines for estimating values?

No, AEA does not have any formal guidelines.

Because there is such good referencing in HATCHES it is always clear
where the data used come from.

PNC are just starting the FeSe, work.

Are you also looking at FeSe? In HATCHES, Ian McKinley's reference
only uses FeSe, data and FeSe data would be very valuable.

Does the database also include Se?

Yes. Seis predicted to precipitate at a higher Eh than FeSe or FeSe,.
Which is more important; the Se/Fe compounds or the metallic Se?
This depends on other ions, as Se/Fe compounds give higher solubilities
under UK conditions, we must consider these to give a conservative
approach.

Which data are used in the database?

Only the database supplied by Ian McKinley.

We sometimes observe a metallic selenium precipitate in our solubility
experiments.

Copies of the latest NEA versions of HATCHES and HARPHRQ were given to Mr Miyahara
by Ms Haworth on 3%4" discs.

RMC007.DOC
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2.3.3

Q. NS (PNC).

A. JAB (AEA).

Q. KM (PNC).

A.  JAB (AEA).

Comment.

KM (PNC).
Comment.

NS (PNC).

Comment.

JAB (AEA).

Comment.
KM (PNC).

Comment.

JAB (AEA).

Comment.

SMS (AEA).

RMC007.D0OC

Investigation of Sorption Behaviour

What kind of materials will be used for the experiments; and who will
conduct the experiments?

The initial stages of the through-diffusion and batch sorption
experiments with the aluminium oxide are already underway at Harwell.
We will keep PNC informed of our progress. We will start simple
experiments with Cs and Sr and, depending on the amount of sorption
indicated by the batch experiments, we may also look at the sorption of
actinides.

If we could provide the pure sodium montmorillonite, what would be
our role?

We would be very pleased if PNC could obtain an iron-free sodium
montmorillonite. PNC would, of course, be involved in the choice of
elements to be investigated and would share the data from the
experiments.

PNC could measure the retardation-factor in an in-diffusion experiment.
If the pure montmorillonite is available, then PNC will purchase it.

If our preliminary work is successful, we could send you the aluminium
oxide discs to perform in-diffusion experiments.

We have no experience of slicing anything other than bentonite.

We could supply the aluminium oxide powder If our preliminary
experiments indicate that aluminium oxide is not suitable, then we
would inform PNC and jointly choose another material.

Have you considered modelling the system with HYDRAQL? We will
model the batch experiments with HARPHRQ), and then an
intercomparison could be made. We will also model the through-
diffusion experiments with CHEQMATE.

22 September, 1993
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Comment.

KM (PNC).
Comment.
CJT (AEA).
Q. NS (PNC).
JAB (AEA).

Q. HY(PNC).

A.  JAB (AEA).

Comment.

AH (AEA).

Comment.
HY (PNC).

Comment.

JAB (AEA).

RMC007.DOC

PNC have a coupled chemistry transport code, called CRACKER.

CRACKER is a similar type of code to CHEQMATE, but it is simpler
in some areas. The details of CHEQMATE are described in reports

given to Mr Yui. We will send the updated CHEQMATE manuals
when they are available.

How much montmorillonite is required.

About 20 g.

Could goethite be used for the batch and through-diffusion
experiments?

Perhaps goethite could be used at the second stage in the experiment
but it may not be suitable for through-diffusion if it is strongly sorbing.
Thus, we will need to do a batch sorption experiment first.

There are some data available on aluminium oxide using a triple-layer
model, but it is quite old. There is some interest in aluminium oxide to
provide that part in clay behaviour modelling.

Perhaps goethite could be tried.

Perhaps a batch experiment and reservoir-depletion and a
breakthrough-curve with a tritium tracer could be carried out using
goethite. We could consider the collaboration work in 3 stages as
follows:

Stage 1 Aluminium oxide work:
AEA  batch and through-diffusion experiments;
PNC in-diffusion experiments.

Stage 2 Goethite work:

AEA  batch and reservoir-depletion experiments;
PNC in-diffusion experiments.

Stage 3 Pure sodium montmorillonite work:
AEA  batch and through-diffusion experiments;
PNC in-diffusion experiments.

22 Soptombor, 1993



24 Date of Next Meeting

October 1994, in Japan, after MRS Meeting.

DAY 3: Wednesday 21st July 1993

The PNC delegation was shown some of the laboratories in the main radiochemistry building
(B220) by Dr J A Berry and Mr M M Cowper. The laboratories visited included the main
glove box areas, the laboratories where work for PNC is undertaken as well as other
laboratories used by Chemical Studies Department. The remote handling high-activity (afy)
cells were also shown. In an adjacent building (B10), facilities for work on organic
degradation studies were described by Dr N J Pilkington and Mr B F Greenfield; those for
research on colloids by Dr M P Gardiner and for the measurement of physical properties of
geological materials by Mr T R Lineham. The tour continued with a visit to the nuclear
Ipicroprobc (B8) which was described by Mr J W McMillan and Mr P R Fozard. Further
surface analysis equipment (SIMS - O and Ga beam machines, XPS, electron microprobe,
XRD, laser Raman spectrophotometer etc) (B393 and B552) were described and shown by
Mr B A Bellamy and Mr H E Bishop.

DAY 4: Friday 23rd July 1993

Presentations were made by AEA staff from Hydrogeology and Assessments Departments
working on projects for UK Nirex Limited, for background information.

Mrs R McCrohon

Chemical Studies Department
AEA Technology

10.30 Harwell

Didcot

Oxon, OX11 ORA

30th July 1993

RMCO07DOC 22 September, 1993



AEAIZTHE T 5L 5 FE B 7 0Bk
2.1 PEVNVEEY OB 7RO

FE O RS EFEEIRRIE L R, ELARIL, hLARL, BLUALD 4 A5 T —ic
SEEh. BEVSOVEEDL, —BREENE LIS IhTHE (E1SR) ,
BV AVBERINCOWTIE, 1949~ 19820 & TR EIC X 2NN EmE Nz, i,
BLAVEEIICOLTIE, Ko Lo (195TE~) RO FY » 7 (1950F~) ©. BifE
L TERHMBLINITONT WD, BE, PURIVRTEVRVEEYL. BEHEERD
YA MRICIFRESN TV S, BEHEREYORERES % 2 1ISRT,

PRV ANVEEYIC OV TR, HBLAZIT) JE2RDTED .. ZOEHBEEKE
i3 NirextTs 3,

HWREBMGICHETATNArVa—LE LT, §TICHTHEME TH 5Rock
Characterization Facility (RCF) O¥ A Fv 257 14— RicikEX N (19914F) .
CITOYA MEFIEICEET AR E LR E X /i, 2005 ICAHEOEREL B L.
2055 IR A S N B FETH S (R3IBH) .

AE AR, PELXVERY OB OREFTHE. RUZHICBEY 3R
SVT, Nirex ORI ZIEETH 5, EBIC, TORDOFEEFTF>TVBDH,
AEA/N="7 x VTR OIS HEBEEYML 8 (Radwaste Disposal Division; AR T
b #. BEDr. K H Winters) iICBW\WTTH Y, {LFEHF. KE, HEREFMED 3 BEH S
B->TWb, AEASERUBEEREYLAMICET 2HMBRE. 2hehX 1 kY
B2, 3IsRd, Hx OWEDERICHNT, BADS - 1O TUTFICE L3,



jeay jo sjunowe jueaijubis Buijesauab seysep
:UMTH) Se1Sep [9AaT-UbiH

M1 lou >>._I uey} Indino jeay pue AlIAl19€ J18MO
:TAVT1) SOISEp [oAS-81BipeallIau]

MTIA lou ‘ewweb/elaq ybgoz| 10 mr_a_m ybgot buipesoxa joN

TMT1) S8ISBAN [OnD-MO

ajl-}iey 1oys 10 AlAIl0B MO| ‘asnjal ployasney uim jesoedsig
:(MTIA) SeISeM [9NaT-M0 ] AdOA

—NECLUQUGHEHFENC HXRTIEE | £



(seJ3aw 21qno uj sajiauenb jje)

09S 00069 000'69  000°v¥9  :(0Z0Z-0664) uononpoud

000°GL. 66110

000°v1 Aeasunoqg

e 000'9¢ - > (M1 '® MTT) PBG UR3IQ

:(0664 0}) pasodsig

OLL 00099 00§58k  006°L (0661 03) 810} WBU]
UbiH ®Bydjy WRHIPSH MO

ELHGEHFMENC ALCIEE F



pajeas Alolisoday
|euoijelado Aloyisoday

jesodsip Jo} uoissiwiad Bujuueld 1o} uonealjddy

Y¥iom punoubispun
0} anow o} pue uolssiwiad Buiuueld 1oy uonesyddy

|ajjeded up diom ubisep pajielap ‘uoljesiialoeleyd
|eo1Bojoab pajie}ap 10} ays ajbuis e jo uoljo9jeg

Apnis layuny
10} Jaquinu pa}iwi] e Jo uoijoajas pue uosiiedwoo a|g

AW—TaLY SEEISHEMOGERAN1Yh %

3

G602
5002

)0002

‘\-

€/266 1

1661

8861

_24._



Abojoupal vav

EBRBOYSV IV

|

s




juswabeuepy 21Sep

wm:_:o_wmeEoowo
ABojouyss] vIv RESECp JUeweBeuey o)sel B BulUo(ssiuods( VI3V  J[H

uelly © 0 4g uospnH v rig
UOISiAI(] ‘ uoisiAIg
juswesbeurpy a1seMmpey S80IAIBS BISBM
“podiygra SaUOr W [N SIDIUIM H X 1
1935GOM M o I
L UBMO D uoisiAlg UOISIAIQ
- jusuidojshs'ssauisng BuluolssIwwo 23 jesodsi(] a1sEMpPEY

POOM H W 40
J0108lig ssauisng

177
%

N

7

WN\ \“N\\ @w\“w\w.s \W,S.Q ...\v\\@‘. %27 :
o

o7z




juswabeuepy 31SEM : mﬂ%mﬁgmﬂ@§§MWﬂhhﬁmﬁw< v e =

% Bujuoissnuwiosag
Abojouyss} yIvy

syod drig
s102f01d 8JBISPUIM -
SPHNDO V¥V HIN .
A3qsip S I sanbiuyossy jeuonenduwo - $3ipnig plsij-ieaN -
syosfoid - sallsler I N g paaml D Qg
WoIBUINIE T A JIA Saipmg plalj-ted - Buljjapoiy Jesiwayooen -
Wea | JUBWSSaSSY HeqiaH M v 1Q A1ag v rag
£ys3eg [esodsiq - ‘ Buijjspoln t8jempunaolo - saipnlg uondiog -
uoybulig 3 g Jsns v 044 puelieyg i s 1d
juswipedaq juswpedag Juawpedaq
SIUSWISSaSSY ABojoabolipAH S8IpNig |BoIWaYD
Jadooy P W Ja
s)safoid % aoueuld SIBIUIA H M 4(

8jfog g 0 1q
yustwdojaasg ssauisng

Jabeuey UOISIAIQ

, \

AR e g . y

G i ,
S 2 ; 4 557

SALI




2.2

VERERFAMIC R4 5 EERIFF R O flEak RoF

ZT T 4=V NICBIT A ERYOREICO>WT (Dr.S. J. Williams)

=77 4 =V N TORSHEEERITIC O LWTORERMAT 2 L EbhAERE L
TRDPFEHEA TV 5,

@ BEEYIPOF BRI ER

@ WHEMOIES

® o4 FORH

@ RO E

AN OWTORENRIAI N/, BEYHOEEYNSHURR £ 72 13LFr8 5
RICK D ESFOYWELE LThithans, GRILEMICL 288LE LT, BEHER
T & DRI, BAEYOB., BUHRSEPMAEYIERZ &) 27 ARE, TOfA

I T EOMEERANEZ 6ND, EBRICEREYDICE ORRSEERYINEEDT 50

EVIETLWIZBPVC, A4 VMMl T LT 525 » 728, L LWICIEHK,

AKF. TIAF 9 70T LNEENTHE (1SR , Harwell TREBI O~
BT CONRER, DREBRMEET TOPu, MZOEMEERT 2. BENK
ETHEIOLEEDOERZIT> TV 5, FIZIE, vlo— XORRAERYDOHET
. B, DRERM OB ETROERE « EEHICER 8. 2FHK
BN e AU IS T 40—« HAZOBRENME c BEKE o< 7S
74— (HPLO) ZBWIcHF. Z L TFBIN S DERYOSHREEIT->TO 5,

ZOFER . A 2 MK TIXI07 'm0l £ TH - 72 PuDIERREN 10 mol 0 &
TET BEN -1 (K2E8R) . INSDERILTDA v/ 3=TiT-TW 5,
Mr.B.F. Greenfield & Mr. M. W.Spindlerld D FEE, ARGHE TR OBMEZ (LD
LB, =T 74—V FPTORELEZ ZRBORB, (LEMOGHE, Dr.N.J.
Pilington &Mr. M. H. HudusiZHPLCEH W -HiHEON %2, £ L TEBRICE > T
Dr. A Rosevear &HUEMIOHILE, i, ORI €7V, VREFHE, WELF
REDBELTEBEL TV S,



(2) MEHHEEREML I TS A > FO#EH (Dr. AW Harris)
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I8 | ALFHIBEEBHEOMBIENE T T 2D TEEL Bbh 3,

(3) #ht. TEEEHICHE I 2MNBRE T TO®EUNVA S ZELEN S OIRERH
(Dr.J.A.C. Marples)

R S ZEEICT ¢, Np. Pu, Am#% F—7 L TEHERZIT->TWVA3,
G DRE (75 XK, k. AV b 1% LIBEL. KELIXEEHDAT
AREVWSBLFEELO 7 0—T Ky 7 ZFT60, 90CT | ~120 ARBHE &,
Eh. pH AL¥ERGDHHET- TV 5, AEBOIEZM 3 IR Lz, #IZIENp
DIFE. RV FEA Y MBETFTIZ2 X107 mol /2 T3 55 Boom ClayfF
ETFTIE1200x 107 'm0l £ (4 B8 12755, Np DHFABEI 1 HIZ2 KA
L. ER 1 mSvosiE BEICHIZ 20102 X107 'm0l /£ £ 753, $EE LTET
SHIOETE. RVES Yy FEAVIZEETHIEROESR, Tc. Np. Pu,
AmDEHORESHEFEEDO L . 1. 2. 0.4 £Ic85, Ny 774 0ELTOD
RV A FPOFERICED. pHABLIR GEDLOTH I XAOERER/DVE
BERIBELT IEOEBNESA TV S,

(4 AEAIBIFEa04 FH%E (—Dr.M.P.Gardiner)

HEMEO 10, FEid, KREEIW 1 nm~ 1 ¢mOYT, KEHMEER LY. K51,
FOEOEELAYT I V. TR0~ RO, BESOE L E
AZTW5A,

IS BERBENLSEERE LTEN, 204 FIZE->TEASVIDKED Hi#EL
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HNSHB, Harwell TROWHEE LT, 8iEsH. TEM, ERKBIEEZHOVT
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6) v MHEZRRS: (Main radiochemistry building, B220)
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B3 EHEEREE (UKAEA, Harwell)

Stopper

Sealant in
cone-joint

Glass capsule ~l

— Glass disc in
- =1 steel-mesh holder

Sowdered glass (1g)
+ Jron (5q)

+ Backfill (10Q)

l 20mm |
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AEA Technology

Business Director
Dr M H Wood

Radwaste Disposal
Division

Dr K H Winters

Decommissioning
Division

MrJ M Jones

Waste Services
Division

Dr J A Hudson

' Business Development
© DrR G Owen
Dr R K Webster
" MrJ Phillpott

Radwaste Management
Division

Dr C G Allan

AEA Techhology
Decommissioning &
Waste Management



Division Manager

[ Business Development

Dr K H Winters

Dr C B Boyle
Finance & Projects
Dr M J Cooper

Chemical Studies
Department

A Dr S M Sharland

- Sorption Studies
Dr J A Berry

-Geochemical Modelling
DrCJ Tweed

- Near-field Studies
Dr S J Williams

" Role of 'AEAD&W

Hydrogeology
Department

DrD A Lever

- Groundwater Modelling
Dr A W Herbert

- Far-field Studies
Dr N L Jefferies

- Computational Techniques
Mr K A Cliffe

- Windscale Projects

Dr J D Porter

|

Assessments
Department

Mr D E Billington

- Disposal Safety
Assessment Team
Mr D E Billington

- Projects
Mr S J Wisbey

AEA Technology
Decommissioning &
Waste Management

@ Responsible for the post-closure safety case
® Lead contractor for safety assessments

® lead contractor for supporting R&D

21 AEA



AEA Experience in Post Closure Safety

Assessment and Research (Overseas)

SOME CURRENT CUSTOMERS

Japan (PNC & JNFL)

Switzerland (NAGRA)

¢ CEC

Germany (GRS)

rﬂ AEA AEA Technology
/ - Decommissioning

& Waste Management

i.—for Safety _Assessment

® An assessment team capable of carrying out full assessment of
radiological and other hazards associated with waste repositories

® A mathematical modelling team with particular expertise in
groundwater and geochemical modelling

® A radionuclide chemistry team with skills and facilities which enable
the measurement of radionuclide properties in repository conditions
as well as interactions with host geologies, performance of engineered
barriers etc

® A field investigation team that assists in the characterisation of sites,
the measurement of geological properties, etc

Z]1 AEA



A|ms of the Nirex Safety Assessment

Research Programme

® To understand the important processes governing the transport
of radionuclides and to provide parameters for the safety assessment

® To construct models that provide a good representation of these
processes

® To provide advice to Nirex on matters such as repository materials

Z1 AEA

N|rex Safety Assessment Research

Programme

Large Programme of Research, Coordinated into 5 areas:

Engineered barriers
Near-field chemistry
Mass transfer in the geosphere

Biosphere

Gas evolution and migration

Consists of Field experiments, laboratory experiments and modelling
studies (for interpretation and prediction)

Z1 AEA



~ Gas Evo lution and Migrat jon

® Gas type and quantity, and dispersal mechanism

® Sources @® Corrosion of metals
® Microbial activity

Z1 AEA

Mass Transfer in the Geosphere

® Physical and chemical processes affecting migration of radionuclides
@ Key parameters for Safety Assessment
@ Hydrogeology @ Groundwater Flows

@® Geochemistry @ Sorption
@ Colloids

Z1 AEA



" Engineered Barriers

® Physical and chemical containment

® Detailed studies of behaviour of waste canisters, backfill materials
and structural materials

® Cementitious materials ® eg evolution of pH in porewater
® Carbon and stainless steels ® eg corrosion

@ AEA

~ Near-Field Chemistry

® Chemical behaviour of radioelements in near-field

e Kéy parameters for safety assessment
® Solubility
® Sorption

® Study effects of
® Degradation of organic materials
® Degradation of repository materials
® Microbiological activity

71 AEA



e Biosphere e

@® Climatology
® Geomorphology

® Radionuclide transport in near surface region

71 AEA



o

Very Low-Level Wastes (VLLW):

Disposal with household refuse, low activity or short half-life

Low-Level Wastes (LLW):

Not exceeding 4GBq/t alpha or 12GBqg/t beta/gamma, not VLLW

Intermediate-Level Wastes (ILW):

Lower activity and heat output than HLW, not LLW

High-Level Wastes (HLW):

Fastn,

Wastes generating significant amounts of heat

1949-1982 Some disposal of LLW/ILW to
deep ocean bed

1957-present Disposal of LLW at Dounreay
1959-present  Disposal of LLW at Drigg

(storage of HLW and ILW at nuclear sites)

=



Repository operational

Repository sealed

Interim store (to 1990):
Disposed (to 1990):
Ocean bed (LLW & ILW)

Dounreay

Production (1990-2020):

Site comparison and selection of a limited number for
further study

Selection of a single site for detailed geological
characterisation, detailed design work in parallel

Application for planning permission and to move to
underground work ’

Application for planning permission for disposal

Low Medium Alpha High
7,900

14,000
775,000
644,000

(all quantities in cubic metres)

izt AEA

65,000 65,000



# Responsible for the post-closure safety case

# . Lead contractor for safety assessments

e

% Lead contractor for supporting R&D

% An assessment team capable of carrying out full assessment of
radiological and other hazards associated with waste repositories

# A mathematical modelling team with particular expertise in
groundwater and geochemical modelling

# A radionuclide chemistry team with skills and facilities which enable
the measurement of radionuclide properties in repository conditions
as well as interactions with host geologies, performance of engineered
barriers etc :

<
s

% A field investigation team that assists in the characterisation of sites,
the measurement of geological properties, etc



Levels of Containment

B Movement after 0.5 Million years
—Movement after 2 Million years
=24 Movement after 5 Million years

1389701

Individual risk target in any one year equivalent to that associated with
a dose of 0.1mSv

About 1 chance in a million

No significant increase in radioactivity in the general vicinity of the site

Choose a site with a low probability of disturbance by man

Discharges ALARP to ensure that individual and collective doses are
ALARA

Analyse probability of disruption by external events




Physical

ontainment} Containment Containmen

Chemical

TIMEFRAMES

Institutional controls

Geological Biosphere

‘Natural
Disruption

Long-term societal changes

Current interglacial conditions

Glacial cycling

More stable climatic and

tectonic system

PATHWAYS

2l

Gas

Intrusion
Groundwater
Natural disruption
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~500y ~100000y >10000y

Physical | Chemical Geological o I
Containment Containment Containmentf§ °* losphere

# Groundwater flow

& Radionuclide transport Codes:
% Advection
# Diffusion NAMMU « Homogeneous rock
Hydrodynamic dispersion
Sorption NAPSAC . Fractured rock

Radioactive decay and ingrowth

~500y ~100000y >10000y

Physical _ Chemical m ! Geological Biosphere

Containment Containment ¥ Containment

# Limited solubility

Codes:
Sorption
STRAW
g Transfer to far field
STRAW 2

«: Radioactive decay and in growth

iz} AEA



~500y ~100000y >10000y

Physical "} Chemical Geological

kContainment §» [JContainment Containment Blosphere

Potential receptors

e
R

w,&
3

Dee i

p soil . Codes:
Stream or river

Local marine environment BIOS
Lake

Well water

Variation in climate and sea-level could result
in different receptors at difterent times

AN

izl AEA

jxu:lty of  Near-fiel

or Mixed LLW ani LW

= Total
m—— Sr-90
N — |-129

S m— (Cs-137

\ 9 === Rg-226

\\ ~— Pu-239

T ™ Am-241

\ == No chemistry

Annual dose (Sv)

104 10° 106 107 108
Time (years)



% Base-case deterministic calculations

# Sensitivity studies Assess implications of
% 'What if* studies uncertainties in data
# Probabilistic - MASCOT - 3 code and models

- == Marine Biosphere
104 ~— Boreal Biosphere
- == Arctic Biosphere
< 102 == Geosphere
23 ol == Near field
§ 10 : \
2102
49}
o -
E 10 F
< -
108 |-
108 +
} 1

10»10 i | 1
. 10! 102 103 104 10° 106 107 108
Time (years)



Mean annual dose (Sv)

10-12 | 1 1 1 !
102 103 10 105 10% 107 108
Time (years)

[ == Total

-~ Ra-226
- (Cs-135
1-129
- Sn-126
- (Cl|-36

Large Progra-mme of Research, Coordinated into 5 areas:

# Engineered barriers

# Near-field chemistry

# Mass transfer in the geosphere
& Biosph'ere

# Gas evolution and migration

~ Consists of Field experiments, laboratory experiments and modelling

studies (for interpretation and prediction)

izl AEA




processes

Z1 AEA

To understand the important processes governing the transport
ot radionuclides and to provide parameters for the safety assessment

To construct models that provide a good representation of these

To provide advice to Nirex on matters such as repository materials

Choice depends on:-

= Pathway - groundwater/gas/intrusion/natural

Inventory in waste

~+ Contribution to heat generation

# Half life and decay chains



& Nirex: Shallow disposal assessment (LLW & ILW)

# Nirex: Deep repository programme (LLW & ILW)

# UKDoE: HLW programme

BNFL: Support to shallow disposal (LLW) at Drigg

& UKDoE: Support to regulator

£y
#

Nuclear Generators: Strategic

& AEA

Japan (PNC &JNFL)

+ Switzerland (NAGRA)
- CEC

« Germany (GRS)

Y ALLA Technology
. g ' Decommissfoning

& Waste Management



s of Geochemical Modelling

To model the chemical evolution of complex aqueous sysfems

o To help interpret experimental data and to guide design
of experiments

. To investigate reaction mechanisms

. To predict the behaviour of geochemical systems over

long timescales
o To help select parameters for performance assessment

. To assess the effect of assumptions made in performance
assessment models

AEA Technology
f Decommissloning

& Waste Managsment

» Chemical Modelling - HARPHRQ code

e Chemical and Transport Modefling - CHEQMATE code

AEA Technology
/ Decommissloning

& Waste Management



 The HARPHRQ Code

. Based on USGS speciation code PHREEQE which calculates

equilibrium water chemistry for a particular chemical inventory
and associated minerals

. HARPHRQ) extended to include:-
Full finite minerals accounting
Option to fix pH
Choice of several sorption models in a seperate module

ra m ) AEA Technology
/ Decommissloning

& Waste Management

'.f':;.vAppllcatlons of Cheml'cal_':» .

T hermodynamlc Modellmg

e« RADIOACTIVE/TOXIC SOLID WASTE DISPOSAL
solubility/speciation of contaminants in groundwater
adsorption/ion-exchange of contaminants onto rocks/clays
migration of contaminants away from disposal

e LIQUID EFFLUENT TREATMENT
solubility/speciation of contaminants/reagents during processing
process optimisation (better clean-up)
reduction of secondary wastes
reduced costs (capital, reagent and waste disposal)

e INORGANIC CHEMICAL PROCESSING
seperations, leaching. precipitation. solvent extractions, etc
improved methods, increased efficiency, reduced costs

AEA Technology
/ Decommissioning

. & Waste Management



-3.0

log {ICr1/M]

-11.0
Solubility—{imiting

solid phase —

-3.0

log {INil/M}

-9.0

Solubility—-limiting

solid phase — ™

Figure 2. Chromium Solubility and Speciation

Cr(OH), HCro,”

CrPO(s) Cr(OH)(s) NL

4 6 8 10 12
pH

. ~4
Total elemental concentration of sulphur, chiorine, phosphorus and carbon is 10 M

- -2
NL indicates that no solid limits the solubility to less than 10 M

Figure 4. Nickel Solubility and Speciation

NL Nig(PO,),(s) Ni(OH)(s)
|

-

4 6 8 10 ‘ 12

pH
Total elemental concentration of sulphur, chlorine, phosphorus and carbon is 107°M

NL indicates that no solid limits the solubility to less than 107> M



@ AEA

@ AEA

The HATCHES Database

HATCHES - a database and management system
Operates on a PC and uses dBASEIII+

Contains thermodynamic data for use with PHREEQE,
HARPHRQ and CHEQMATE

Has text field describing data source and derivation of
PHREEQE data from this

Has conversion programs which automatically convert
dBASE output to a PHREEQE- or EQ3/6- format database

AEA Technology
Decommissloning
& Waste Managemaent

Assumes chemical processes generally faster than transport -
local chemical equilibrium

Transport by diffusion, electromigration, advection and
dispersion

Chemical processes include aqueous speciation, precipitation/
dissolution and sorption

Some mineral Kinetics can be included

AEA Technology
Decommissioning
& Waste Management



CHEMICAL DATA

. Thermodynamic data - equilibrium constants for
reactions » HATCHES database

J Initial chemistry for each cell

TRANSPORT DATA
o Physical properties - diffusion coefficient, porosity
° Flow properties - Darcy velocity, dispersion length

e Grid length, timestep

r AEA Technology
’ Decommissloning

& Waste Management

For each cell and time step:

Full aqueous speciation

Changes in mineral amounts

pH, Eh, concentration of elements

Sorbed concentration of elements

AEA Technology
/ Decommilssioning
& Waste Management



Applications

e PREDICTIVE MODELLING
Aeration period of repository
e LABORATORY EXPERIMENTS |

Through-diffusion (radionuclides)
Concrete degradation

Alkali/rock interaction

Corrosion studies

e FIELD STUDIES

Pocos de Caldas natural analogue
Chlorine migration throughout clay

rﬂ AEA Jordan natural analogue AEA Technology

Decommissloning
& Waste Management

Pred|ct|on of the Aeratlon Perlod of

the Reposnory

Modelling assumptions

Regular array of steel cans embedded in concrete backfill

J Porewater is initially saturated with oxygen at the

concentration in equilibrium with atmosphere
. After closure no further oxygen enters system

° Oxygen consumed by corrosion of steel canisters

o Transport is by diffusion only

AEA Technology
/ Decommissioning

& Waste Management



T

0.4
0.2+
‘>
5 0
S
< t=70 t= 395
5 years
oal years
C
©
)
o
3 -0.4
~0.6 —
t =104 years
0.8
_Canister Distance between canisters

AERE R12442 Fig.4

Canister

Profiles of oxidation potential (Eh) between two uniformly corroding steel canisters at 35, 70 and

104 years

—

e  HARPHRQ used to model batch sorption experiments and

to parameterise chemical model

L CHEQMATE couples the chemical model with transport to

simulate through-diffusion experiments

. Systems modelled

e uranium sorption onto clay with or without organics

 plutonium sorption onto sandstone with organics

e americium and lead sorption onto cement

% AEA

AEA Tachnology
Decommissioning
& Waste Management



Modelllng of the Pogosﬁ de Caldas

Natural Analogue

Description of the uranium distribution at the site

Deeper rocks contain pyrite, associated groundwater is
strongly reducing

. Rock near surface contains ferric oxyhydroxides

(red/orange colouration)

o Sharp redox front divides the two regions

) Enriched zone of uraninite is observed just below the redox

front, in the reduced layer

@ AEA

AEA Technology
Decommissloning
& Waste Management

Scale r , \
0 50 100 meters

1372 - Shaft F3
52 1

7
12 A g

j .
82 A

62 1
42 ]

"‘?’z}'}
é"'l /
22 A ,’

1202 3 / V4

N Oxidised Phonolite / Tinguaife

[ ] Reduced Phonolite / Tinguaife

Main Fracture Systems (apparent dips)

Uranium Mineralisation (<200->1500 ppm)

[ Shaft"g” — Probable
1L \\

WH_ Drill Bore Holes

- Actual Mining Surface

Ground Water
Flow Paths

FIG. 1. CROSS-SECTION OF GSAMU UTSUMI MINE, BRAZIL.



odellm y of the Pogos_de Caldas

Conceptual model of system
*  Original rock contains pyrite and uraninite

. Inflowing oxidising water reacts with the upper portion of the

rock and oxidises U(IV) to U(VI), which is more soluble

. Soluble U(VI) is carried in the groundwater across the redox

front, is reduced to U(IV) and reprecipitates

r AEA Technology
/ Decommissioning

& Waste Management

Table 5 ; Water chemistry calculated with and without precipitation of chalcedony and observed
values® just downstream (reduced) and upstream (oxidised gof the redox front.

Reduced region

Field Calculated Calculated
No Si0, Solid
pH 5.5-6.1 6.7 59
S0, (mg/1) 9-20 16.8 16.8
K (mg/) 8-13 15.9 15.7
Si0, (mg/1) 29-37 182 48

Oxidised region

Field Calculated Calculated
No SiO, Solid
pH ' 5.66.2 6.8 6.0
S0,% (mg/l) 10-300 13.0 13.0
K (mg/1) - 17.0 18.7

St0, (mg/1) - 18.2 42.0



@ AEA

| CbnclUd‘ingRemark"s 7, e

HARPHRQ and CHEQMATE are flexible modelling tools which
have applications in many areas including radwaste treatment and
disposal, toxic waste management and other environmental

problems.

AEA Technology
Decommissloning
& Waste Management



Sorption Modelling

Why model?
Modelling approach.
Modelling of batch experiments.

Modelling of through-diffusion experiments.

rﬂ m AEA Technology
Decommissloning

& Waste Management

° Important to understand how sorption parameters obtain

from experiments relate to in-situ values.

o Help interpret experimental results and identify reasons

for differences between techniques.

o After validation model could be used to predict sorption

over long timescales or in different conditions.

. AEA Technology
) Decommissloning
& Waste Management



Sorption: Modelling Approach

e Use some batch results to parameterise static chemical model.

. Test chemical model by predicting results from the remaining

batch experiments.

. Couple chemical model with transport to simulate diffusion

experiments.

AEA Technology
) - Decommissloning

& Waste Management

‘Modelling of Batch Experiments

Chemical model used dependent on complexity of the system - may be

simple mass-action or surface complexation.

Chemical model devéloped using HARPHRQ equilibrium constants for
aqueous species from HATCHES.

Sorption reactions from literature, previous experiments or by fitting to

experiment.

‘Fitting’ to small range of conditions, testing against remaining

experiments. AEA Technology
rﬂ Decommissloning

& Waste Management



delling of Through-Diffusion

e Use CHEQMATE program to couple transport with chemical

equilibrium model.

. Can use chemical model without simplification, therefore,

easier to identify important additional processes.

. Simulate through-diffusion experiments and compare with
results.
. Examine effect of assumptions such as surface area.

AEA Technology
/ Decommissloning

& Waste Management

flux into cell J ) from finite
flux out of cell J ) difference

39

AC calculated from difference between flux in and flux out
AC passed to HARPHRQ to calculate new equilibrium chemistry

y AEA Technology
r Decommissioning
/ & Waste Management



Sorption: Through-'Dififl.flsion Model _~

B High Concentration Reservoir

Rock/Mineral

I Measurement Reservoir

AEA Technology
/ ] Decommissioning

& Waste Management

AIMS - To help interpret differences between results obtained

from batch and through-diffusion techniques.

. Parameterise static chemical model from batch experiments.
° Simulate through-diffusion experiments.
¢ Compare predictions with experimental results to examine

effect of assumptions made.

r ‘ AEA Technology
/ Decommissloning

& Waste Management



Study of techniques to measure sorption

174 AEA Technology
/ Decommissioning

& Waste Management

Many techniques have been used at AEA Harwell:
batch, through-diffusion, in-diffusion, reservoir
depletion, column, high-pressure convection (HPC)

and uranium-series disequilibrium (USD for Th, U, Ra)

/4 AEA Technology
r/ Decommissioning
- & Waste Management



# AEA

Relatively high R, values have been observed
from batch, HPC, reservoir depletion and where
appropriate USD.

Through-diffusion results tend to be lower than

batch however.

AEA Technology
Decommissioning
& Waste Managemaent

T____J’
- = Radi lid - where
| _—Ra jonuclide
- solution
Rp = distribution ratio
\ = volume of solution
- mass of solid
Cop = initial concentration of
radionuclide
» Crr%i:ed C, = equilibrium concentration
of radionucltide
= (CO_CI)

FIG:3. BATCH EXPERIMENT



Concentration

Measurement cell
Cy << (

Sorbing nuclide \\ \ \

: Axis of =+ — + —
Plot of concentration of cylindrical
radionuclide in measurement sample

cell versus time

Rock sample

Non-sorbing
nuclide

N
Reservoir _— \
radionuclide
Uint tint concentration Cq
Time Impermeable
barriers
FIGURE 1. THROUGH-DIFFUSION EXPERIMENT.
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Compare batch and through-diffusion on a single
mineral phase at comparable radioelement

concentrations.

AEA Technology
Decommissloning
& Waste Managsment

Through-diffusion reservoir concentration should be
approximately twice the steady-state batch experiment

concentration.

AEA Technology
Decommissioning
& Waste Management
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- Is Ry a direct function of available surface area?

/" AEA Technology
(/ : Decommissioning
& Waste Management

Development work will include containment of disc of single

mineral phase, measurement of surface areas of both discs

and powders.

r . AEA Technology
Y Docommissloping
& Waste Managemant



“lonic Strength Corrections
. 4ackround.

Ionic strength correction methods commonly implemented.

. Alternative methods.

e  Data requirements.

rﬂ AEA AEA Technology

Decommissioning
& Waste Management

. ‘Chemical equilibria depend on solution conditions particularly

- ionic strength.

. Tonic strength corrections used to calculate ‘effective
concentrations’.

. Constants in database corrected to I = 0 from experimental
conditions.

. Then corrected again for ionic strength of solution in calculation.

. Need consistency between two corrections.

: AEA Technology
/ Decommissioning
& Waste Management



Experimentil Activity Coefficients for 1:1 Electrolytes

Figure 1:

lonic Strength Co_'r'rectionMethods; :

1 Debye-Huckel - only true theoretical model but only valid for
<10-3M.

2 Extended Debye-Huckel (Guggenheim) - valid for low ionic
strength.

3 Davies equation valid for ionic strength <0.5M.

4 Truncated Davies equation <1M.

. AEA Technology
/ Decommissloning
& Waste Management
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Variations of the Davies Equation for 1:1 Electrolytes

Figure 6:

@ AEA

1

2

1
o~ w0 — B2
—

V= >—E> OO0, —~O—mZ e

1.5

0.5

-0.5

-1.5

LOGIO I

—— “Truncated” Davies

—— Q=+0.15 (Davies)

—%— Q=0

Q*-0.05

0

Alternatlve Ionlc Strength Correctlon

Methods

- Specific Interaction Theory (SIT) I <3.5.

Pitzer equation - takes into account interactions with cations,

anions and solvent molecules. Valid to very high ionic strength.

AEA Technology
Docommlnlonlng
& Waate Management



Debye-Huckel, Guggenheim and Davies corrections require no ion

specific data.

SIT requires one interaction parameter for each ion pair (¢)

- available for major and some minor groundwater ions.

Pitzer requires three ion specific data - available for small number

of test cases only.

r AEA Technology
/ Decommissioning

& Waste Managsment

: 'Proposed Cbllabdratidﬁ-withg_pNCﬁ L

- AIM - To test ionic strength correction methods against data

obtained by PNC in more concentrated solutions.

. Use methods currently implemented in HARPHRQ and

compare against experimental data.

. Assess data availability for alternative methods.
. Test appropriate alternatives, taking into account data
availability.

r AEA Technology
/ . Decommissioning

& Waste Management



7 AEA

A AEA

Why do we need a database?

Sources of data.

Validation of data.

Contents and structure of database.

Update and release of database.

AEA Technology
Decommissioning
& Waste Management

Thermodynamic modelling important to gain confidence

in parameters for processes such as solubility and

sorption used in performance assessment.

PHREEQE, HARPHRQ and CHEQMATE all need

thermodynamic data for calculations.
Quality of results dependent on quality of data.

Accurate, complete database is therefore essential.

AEA Technology
Decommissioning
& Waste Management



j Sources of Data

. Based on USGS database supplied originally with PHREEQE.

. New data from in-home comparisons of critical reviews of data

and recently published experimental data.

AEA Technology
r Decommissioning
/ & Waste Management

Validation of Data

. Comparison against laboratory experiments focussed on
cementitious conditions relevant to UK disposal scenarios -

e.g. U solubility.

. ‘Validation’ against field studies e.g. Pocos de Caldas, Jordan,

Oman natural analogues.

. Participation in international code comparisons

e.g. CHEMVAL.

r AEA Technology
’ Decommissloning

& Waste Management
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55 elements, 932 aqueous species and 784 minerals.

Common groundwater cations e.g. Ca and Na.

Radioeléments, act

ducts e.g. U, Th, Pu.

ion pro

des, fiss

ini

Some toxic metals e.g. Cr, Zn, Mn.

Inorganic ligands e.g. N, Cl, C.

Some organic ligands e.g. EDTA and Citrate.

AEA Technology
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e - On PC based DBASE III includes text field which gives

source of data, details of any manipulation, details

of any supporting data and update history.

e  Automatic conversion programs from DBASE III to

PHREEQE/HARPHRQ and EQ3/6 format.

AEA Technology

rﬂ m Decommissioning
& Waste Management

~ Update and Release of Database

e Released annually in October through NEA in Paris for

distribution worldwide.
J Strict QA and checking procedure followed in updating.

. Used on all Nirex programmes including NSARP and site

investigation.

rﬂ AEA Technology
/ Decommissioning
& Waste Management



AIM - To produce a thermodynamic database especially

tailored to the key elements and conditions of

importance to PNC.

J Test HATCHES against experimental solubility data
provided by PNC for key elements and conditions.

. Refine HATCHES if necessary.

AEA Technology

rﬂ m Decommissloning
& Waste Management
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Work on near-field and far-field materials related

to LLW, ILW and HLW studies

ﬂ AEA Technology
’é" Decommissloning
& Waste Management

Structure of
Post-Emplacement Radiological Assessment




WORK CARRIED OUT FOR:
BNFL

Department of Environment
JNFL

NAGRA

Nirex

PNC

AEA Technology
Decommissloning
& Waste Management

Near-field work for Site Safety Assessment Studies

(Mrs R M<Crohon)

Far-field work for Site Safety Assessment Studies

(Dr J A Berry)

Far-field Work for Study of Mechanisms for Sorption

(Mr M M Cowper)

AEA Téchnology
Decommissioning
& Waste Management



Far-field Studies

Objectives:

® To obtain a physical and chemical
description of processes affectmg the
migration of radionuclides in the
geosphere

® To provide input data needed for
risk assessment models

REATETEUINTIVTES

e S e o -

CURRENT STUDIES INCLUDE:
» Effects of temperature
» Effects of ionic strength

- o Effects of competitive ions

- Effects of organic materials (natural and degradation
products)

~ Effects of pH
~ Effects of redox potential

~ Effects of radionuclide concentration (isotherms)

z‘/‘% AEA Technology
/ Decommissloning

& Waste Management
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Element

Americium
Plutonium
Neptunium
Protactinium
Thorium
Radium
Lead

Tin
Palladium
Zirconium
Technetium

S J WILLIAMS

Solubility/(mol/l)

3x107!!
7x1071
8x10~
1x10-10
4x107°
<1x10°
4x107*
1x10
<1x107
1x108
1x107

AEA Technology
Decommissioning
& Waste Management
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Possible perturbations of the behaviour of radioelements in the near
field could arise from:

a) organic materials present in the waste;
b) microbiological action;
¢) colloids; and

d) radiolysis.

g AEA Technology
/ Decommissioning
© & Waste Manaaement



The radiolytic or chemical degradation of organic materials in
radioactive wastes may result in the release of small molecules

Organic molecules

+ Complexation of radionuclides

« Carbon source for microbial activity

Gas generation - either directly from radiolysis or indirectly through
microbial action

Interaction with materials of the Engineered Barriers

Inorganic molecules
Gas generation - mainly from radiolysis
¢ Interaction with materials of the Engineered Barriers
AEA Technology

Decommissioning
& Waste Management

K,

PVC (plasticised)

Polyethylene

Neoprene (polychloroisoprene)

Latex (natural polyisoprene)

Hypalon (chlorosulphonated poly ethylene)
Cellulose

Minor Components

Perspex (polymethylmethacrylate), PTFE, polycarbonate,
polystyrene, polypropylene, ‘O’-rings, unplasticised PVC, nylon,
polmethylpentene, glass fibre reinforced epoxy resin, Bakelite and
traces of almost any other rubber or plastic

AEA Technology
rgAEA ' Decommissioning
. X & Waste Management




Leny

ILW m3

= Jon exchange resins 2000

« PVC ' 9000

« Rubber 3000

¢ Other plastics 3400
¢ Cellulose 700

+ [Vlixed plastics, cellulose and rubber 2700

¢ Unspecified 200
LLW

« Paper and wood 66,000
« Plastic and rubber 48,000

(From Biddle and Rees, UKAEA Report AERE R 12597 (1988))

AEA Technology
Decommissioning
& Waste Management

Solid organic materials are chemically degraded in the presence of a
crushed cement.

The atmosphere may be air or may be anaerobic, for example
argon/hydrogen or nitrogen.

The degradations may be carried out at room temperature or at up to
80°C.

Typically, the organic material may be 10% of the total of organic
and cement. However, variations in organic content can be studied.

Leachates containing degradation products are removed, cooled and
the radioelement solubility measured at pH 12 by adding a small
volume of a concentrated solution of radioelement.

AEA Technology
Decommissioning
& Waste Management
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Pu solubility/(mol/])

Organic Material

Cellulose (Tissue) 1x1073
Cotton Wool* 1x1073
Wood# 1x107
Nylon 1x107%
Polythene 1x1071¢
PVC 1x107
Polystyrene* 5x10719
Cement Leachate 1x1071°

Organic material degraded anaerobically in contact with cement for
500 days at 80°C (except * = degradation time 240 days and # =
time 120 days). Plutonium solubility measured at pH 12.
AEA Technology

Decommissioning
& Waste Management

Understanding of impact of cellulose degradation developed by
pursuing several areas of work

Effect of leachates from cellulose degradation on radionuclide
solubility and sorption behaviour _

Review of likely products and degradation chemistry from published
literature

Analysis of leachates and identification of degradation products
(TOC, GC, GC-MS, HPLC)

Synthesis of likely degradation products - use as standards for
analyses and for studies of radionuclide behaviour

AEA Technology
Decommissioning
& Waste Management
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Q 3
N

Mr B F Greenfield and Mr M W Spindler
Chemical and radiolytic degradation experiments
Effects on radionuclide solubilities

Effects on sorption in the near field

Synthesis of compounds (university sub-contract)

%

L

L

Dr N J Pilkington and Mr M H Hurdus
s Analysis of leachates (HPLC)
« Isolation of compounds from leachates (HPLC)

Linked to :
» Microbiological studies (Dr A Rosevear)
¢ Thermodynamic modelling, assessments and sorption studies

AEA Technology
Decommissioning
& Waste Management |

Solubility/(mol/l)

Radioelement | Cellulose Cement Water
Plutonium(IV)* 1x1073 1x10-1°
Plutonium(IV) 1x10 1x10°10
Americium(I1l)  1x10° 1x10-10
Thorium(IV) | 1x107 <8x10-19
Uranium(1V) | 1x10° 1x107
Uranium(VI) 5x104 5x10¢
Neptunium(IV) 1x10°¢ 1x108
Technetium(IV) 1x106 1x107
Tin(IV)* 1x10-3 1x107

Measured at pH 12 in leachates from a 10% loading of cellulose in
OPC/BFS degraded aerobically (except * = anaerobic).

AEA Technology
Decommissioning
& Waste Management



[Pul/M 0.0001
0.00001

1E-06 ;
1E-07

1

x

(.—«wv-——"')("'/_‘ﬂ‘

1E-08
1E-09

e

+0.10%
= 0.20%

+ 0.50%

* 1%

1E-10

7 28 56 85

150

1

60 275

Time/days

Plutonium solubilities measured in leachates obtained

from different loadings of cellulose in cement

M

AEA Technology
Decommissioning
& Waste Management

10% cellulose in

9/1 BFS/OPC
3/1 PFA/OPC

No Organics

400-600
100-200
1x10% - 1x10°

Sorption of plutonium by OPC/PFA from cellulose

leachates produced under anaerobic conditions.

AEA Technology
Decommissioning
& Waste Management
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HO
cellose—0

OH

o HO:
CH,OH

CH,OH
0 HO

OH === celbse—C
OH CH,0H

O

OH
HO O celhdose—O 0
celldose—O I - C”iOH\_’/> CH,0H

H—COOH
formic acid

Alkaline degradation

?HZ—COOH
CH;—COOH ‘OH
acetic acid glycolic acid

CH,0H

OH

AEA Technology
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CHy—CH—COOH
OH

lactic acid

AEA Technology
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coon coon
HOCH,—C—OH HO—C—CH,0H
CH, CH,
H—C—OH H—C—OH
' CH,0H C'HIOH
|

2-C-(hydroxymethyl)-3-deoxy-
D -erythro-pentonic acid
erythro-iso-saccharinic acid (ISA)

2-C-(hydroxymethyl)-3-deoxy-
D -threo-pentonic acid
threo-iso-saccharinic acid (ISA)

COOH
H
e
l OH
CH,
H—C—OH
CIl,OH
COOH 3-dcoxy-D-peatonic acid coou
~H CH,
“CH,0H- { on
CH cZl
2 |\H
CH,O0H CH.OH
2
2-C-(hydroxymethyl)- T . . .
3-dcoxy-tetronic acid 3,4-dihydroxy-butanoic acid

AEA Technology
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A number of techniques are used to analyse cellulose leachates

Total Organic Carbon (TOC) - indicates extent of degradation
= (Gas Chromatography (GC) - requires preparation of volatile
derivatives and standards
Gas Chromatography - Mass Spectrometry (GC-MS) - requires
preparation of volatile derivatives
High Performance Liquid Chromatography - requires standards but

may be used on aqueous samples, can be used for both analytical and
preparative work

AEA Technology
/ : Decommissioning

& Waste Management
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RADIONUCLIDE RELEASE
from
VITRIFIED HIGH-LEVEL WASTE
UNDER REPOSITORY CONDITIONS
in
CLAY OR GRANITE.

JAC Marples
AEA Technology
Harwell Laboratory
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EXPERIMENTAL METHOD

e MW Glass with full inactive waste simulant

e Samples separately doped with:

Tc, Np, Pu, Am

e Crush glass

- in argon-5% hydrogen filled glove-box

e Mix with "Repository Components”

e L oad into capsule



EXPERIMENTAL METHOD
(Continued)

Seal capsule - transfer to oven.

Hold at temperature (60 or 90C) for
1, 3, 6 or 12 months

Return to glove box
- measure Eh and pH

Take water samples for counting

Filter to remove particles
- and colloids

Stopper
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CAPSULE FOR EQUILIBRIUM-CONCENTRATION EXPERIMENTS



Capsule Experiments (1)
(Reducing conditions: MW Glass: 60C)

Molar Concentrations

Tc/E-08 Np/E-10 Pu/E-14 Am/E-13

Backfill .

OPC/PFA 3 2 0.5 2
Boom Clay 6 1200 40 15
Bentonite 3 70 60 40
Limiting

Concentrations 7 2 230 0.5

OPC = Ordinary Portland Cement
PFA = Pulverised Fuel Ash

Capsule Experiments (Il)
(OPC/PFA Backfill: 600C)

Molar Concentrations
Tc/E-08 Np/E-10 Pu/E-14 Am/E-13

Reducing Conditions :
SON68 3 6 0.5

2
MW 3 2 0.5 2
Oxidising Conditions ‘
MW 8000 15 0.5 2
Limiting
Concentrations 7 ~2 230 0.5

(imSv per year if you drink 2 litres per day)



Weight-loss Leach-rates

1 year at 60C in capsules

Components pH Leach-rate

(g/sq cm/day)
Fe only 9.1 7 E-6
Fe + OPC/PFA 15 = 0.2
Fe + Bentonite 8.0 27

Fe + Boom clay 7.7 21
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Repository System Simulation Test
Molar Concentrations: 60C: 1.8nm filter

Water Backfill Tc Np Pu Am

Volvic OPC/PFA  2E-8 3E-10 2E-11 2E-13
Smectite 2E-5 BE-7 2E-10 4E-12

Sea OPC/PFA 4E-9 1E-11 1E-11 2E-13
Smectite 7E-7 4E-8 5E-11 8E-13

Conditions were not properly reducing in the
experiments with the sand/smectite backfill

Conclusions

In granite repository simulations,
with backfills containing OPC and
under reducing conditions:

e The concentrations of Tc, Np, Pu and Am in
solution were respectively 0.2, 1, 20 and 4
times the “Limiting Concentration.”

e This is the concentration which, if present
in drinking water, would lead to an annual
dose of ImSv to someone drinking 2 litres per day.

,



Conclusions

In granite repository simulations:

e The use of OPC as a backfill decreased
the weight-loss leach-rate of the glass
rather than increasing it, despite the high pH.

e If sea-water entered the repository, it
would not increase the amounts of Tc and
of the actinides in solution.
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Dr M P Gardiner

Experimental Studies Section
Hydrogeology Department

Inorganic

Oxyhydroxides
Clays
Silica

Organic

Humic Acid/Fulvic Acid
2 Cellulose Degradation Products
¢ Exopolysaccharides

AEA Technology
Decommissioning
& Waste Management

AEA Technology
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Colloids have a high surface to volume ratio: Good sorbers.

Colloids can move faster than the bulk water.

Partitioning is assumed to occur between an immobile solid phase and
the aqueous solution phase.

Colloids constitute a third, pdtentially mobile, phase onto which
radioelements may sorb.

The effect of a mobile colloidal phase will be to enhance radioelement
migration by decreasing partitioning onto immobile solid surfaces.

AEA Technology
Decommissioning
& Waste Management

Photon Correlation Spectroséopy.
Transmission Electron Microscopy (EDAX).

Particle Electrophoresis.

AEA Technology
Decommissioning
& Waste Management

|
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1. Studies of the formation of cementitious colloids under conditions
representative of the near field.

2. Colloid migration experiments through a large slate fracture.

3. Field scale colloid migration experiments through a fractured
slate aquifer.

4. Sorption of Americium and Plutonium onto colloidal corrosion -
product simulants.

N

Competitive sorption between colloidal corrosion product
simulants and cements.

AEA Technology
Decommissioning
& Waste Management

Labofétory Studies.

Objectives:

Characterisation of the size and concentration of colloids formed in
Jeachates of a candidate backfill.

Identification of chemical and physical nature of colloids formed in
leachates of a candidate backfill.

Investigation of the changes brought about to colloids formed in the
near-field when transposed to the far-field.

AEA Technology
fﬁ AEA ’ Decommissioning
& Waste Management
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Materials and Experimental Procedures.

&

Backfill: 500 to 1000 micron particle size.

%

Temperatures: Room temperature, 60°C and 80°C.

@

Solid to liquid ratio: 1:5,1:10 and 1:50.

%

+ Leaching timescale: One week and three months.

3 AEA Technology
/ Decommissioning

& Waste Management

Results.

¢ Colloids formed by over saturation of the solution with silica followed
by the precipitation of amorphous CSH phases.
(

¢ Colloid burden is dependent upon the concentration of soluble silica
available from the backfill.

« Final colloid concentration in a leachate is very sensitive to the
thermal history of that leachate.

' AEA Technology
/ Decommissioning

& Waste Managemef
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Objectives.

1. To investigate the transport of well characterised inorgarnic
' colloids in fractured rock as a function of colloid type, size,
ground water chemistry and fracture aperture.

2. To investigate the colloidal stability of particles under
representative far field conditions.

3. To develop a simple code capable of describing colloid transport
in fractured systems.

AEA Technology
Decommissioning
& Waste Management

Dot

| ’Laborafor/y studies of colloid transport.

Silica and Hematite colloid migration studied over a distance of 1 m.

Ionic strength range: 102 to 10-5M.

Volumetric flow rate range: 0.2 to 4.0 cm>/min

) AEA Technology
/ ) Decommissioning
& Waste Management



L‘l boratory Results.

=
-

Colloid breakthrough is in advance of the conservative tracer.

Colloid transmission decreases as a function of increasing particle size
and ionic strength at constant flow rate.

Colloid transmission decreases as a function of decreasing flow rate.

Colloid tracer accesses a smaller Volume of the fracture that the
conservative tracer.

Hematite colloid transmission only 10% of silica colloid transmission.

AEA Technology
Decommissioning
& Waste Management

Field Sﬁdies of Colloid Transport.

% AEA

Colloid migration experiments are conducted at Reskajeage Quarry,
Cornwall in an engineered borehole array.

Syton X30/Rhodamine-WT and Syton W30/Rhodamine-WT systems
studied.

« Experiments performed between borehole 17 and borehole 15
15.4 m) and between borehole 12 and borehole 15 ( 5 m)

AEA Technology
Decommissioning
8 Waste Management
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Field Results.

H

%

.

Colloid

Haematite
Magnetite
Zirconium Hydroxide

30 nm silica colloid recovery 90% relative to dye.
70 nm silica colloid recovery 70% relative to dye.
> Retardation factors not calculated.

No partitioning of colloid or dye in release well.

Plutonium'
R,/ml gt

1x10°
3x106 -
2x10°

AEA Technology
Decommissioning
& Waste Management

Americium
R, /ml g’

3x106
2x10°¢
1x107

AEA Technology
Decommissioning
& Waste Management
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AEA Technology
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Volume (mils)

(e)

{c)

Single Solid Experiments

(a) Poly Pot

(b) Ultrafree PF, 30,000 molecular weight cut off filter unit
{c) Colioid suspension /3:1BFS/OPC (single solid expt.only)

(d) 3:1 BFS/OPC compatitive sorption experiments

(e) Actinide hydroxide solid phase

AEA Technology
Decommissioning
& Waste Management

(c)

(e)

(d}

Competitive Sorption Experiments

AEA Technology
Decommissioning
& Waste Management



Single Solid Experiments

» Solid actinide was precipitated in a polysulphone filter unit

Sorption carriedout on to Magnetite, Haematite and Zirconium
Hydroxide each dispersed in 3:1 BFS/OPC equilibrated water

"é)% AEA Technology
§/§ Decommissioning
- & Waste Management
Two solid experiments
Colloid and cement contained in separate filter units
= Actinide solid precipitated in pot
. AEA Technology
r’ / Decommissioning

& Waste Management




7 AEA

Method

# Iron and Zirconium colloids were neutron activated to give either ¥Fe
or %Zr y-radiolable.

« Solid actinide (Plutonium or Americium) was pptd in a 30000 MWCQ
Millipore Ultrafree PF filter unit.

%

The unit containing actinide and equilibrated cement water is placed
in contact with the colloidal solution.

¢ Dissolving actinde diffuses continuously through the membrane to
sorb on to the colloids.

AEA Technology
Decommissioning
& Waste Management

Objective:

» To measure sorption and ‘desorption’ R’s on to pg quantities of
colloidal corrosion product simulants.

# To measure the competitive sorption coefficients between colloidal
corrosion product and cement.

AEA Technology
Decommissioning
& Waste Management



Groundwater flow and transport
- modelling

°  Flexible tools to solve problems
NAMMU
NAPSAC

° Fracture network flow at Stripa

o]

Heterogeneous porous medium at Wipp

o)

Complex sedimentary basin

) i 5 “\Q%'\JC"’ /!’( e »Cfﬁgp gz'r\i) C)u?k S ’ﬁ"\:?)’) ~ -

l, / / T o A

Flow and transport
in fractured rock

o  Groundwater flow is restricted to the
fracture network

o Rock matrix is often effectively
impermeable -

e  We observe localised flows that may be
widely spaced

e (Conventional modelling with porous
media is successful on large scales



The fraciure network modelling
approach

We need to demonstrate understanding
of the flow system

We need to justify our use of continuum
approximations on large scales

We need to interpret measurements and
observations on the scale of the fractures

NAPSAC Capabilities
three-dimensional steady-state fracture

flow

three-dimensional steady-state fracture
transport

borehole model

three-dimensional transient fracture
flow

one-dimensional coupling to matrix
eg. thermal

two-dimensional steady-state fracture
flow



NAPSAC Applications

Radioactive waste disposal
Nirex
Stripa project
Overseas nuclear industry
Geothermal energy

D1l industry

Biock size and pemeabiﬁiy
Interpretation of geolog






Pathlines

lines

Intersection
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NAMMU/ADVIZE

« NAMMU

- groundwatef flow
-~ heat and mass transport
- continuous porous media

7 AEA o,

- NAMMU/ADVIZE

+ Finite-element method
— modelling flows through complex geological strata
— one, two or three spatial dimensions
— wide range of elemnts
» triangles and quadrilaterals
» hexahedra, prisms and tetrahedra
— options for grid generation
~ sophisticated techniques for nonlinear problems
—~ time stepping
» Crank-Nicholson
» Gear’s method

©1 AEA pecormittd



NAMMU/ADVIZE |

» Modular design
- greuiidwater flow in saturated and unsaturated regions

- coupled flow and solute transport with concentration
dependent density

— contaminant transport including rock matrix diffusion
— stochastic treatment of heterogeneity

@ AEA oy o

NAMMU/ADVIZE

* Verification
~ INTRACOIN
~ HYDROCOIN
— INTRAVAL

AEA T

# AEA Dty ¢



| NAMMU/ADVIZE

* Platforms
- portable subset of FORTRAN77
— machine dependencies confined to a few routines
- IBM PC and compatibles
— workstations
» IBM RS/6000, SUN, Dec
~ supercomputers
» Cray 2, Cray YMP, Convex
— optimised through the use of BLAS

AEA | AEA Technology
AAL e

NAMMU/ADVIZE - -

* Users
— UK Nirex
- SKi & SKB (Sweden)
- GRS, BGR & BFS (Germany)
~ NAGRA (Switzerland)

rﬂ AEA AEA Tedmdoqym Py

Waste Management



NAMMU/ADVIZE |

* ADVIZE
- developed by IBM BSC
— Open solution
- visualisation of complex 3- data
- NAMMU/ADVIZE
» NAMMU plus
» ADVIZE tailored to NAMMU data structures

% AEA Somm,

NAMMU/ADVIZE

* Program structure
— User interface
— Kernal
~ Graphics drivers )

» makes use of high performance 24-bit 3D solour
graphics processor

AEA Technology

“ AEA et



'NAMMU/ADVIZE |

* Unique features
— handling of irregular data
— no automatic resampling onto a regular mesh
— displays exactly what NAMMU calculates
— diagnostic tool

AEA Technology

Zl AEA Degrmissiong &
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Major Field of R&D Activities

Major Field of R&D Activities




R&D Approach: Geological Environment]

1&D Approach: Engineering




Site Generic Assessment Approach




s First Progress Report (H-3
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Basic Characteristics
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Barrier System

Host Rock |
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Mechanlcal v

Thermal Solubllity

Hydrological Corroslon
| Geochemlcal

Cohstant Water

G.L Balance
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Alumino Silicates

Ferrous Minerals
Sulfide
Carbonates

Organic Matter

Sulfate Reduction
(by Organic: Matﬁeg)

Alumino Si!ica?tes |

FRLP /FRHP

Carbonates

SRLP/SRHP
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Glass Dissolution

--Reaction Limited Release : Cs

dx; _ . Csi
ot mq-S-fg{Kr+K+(1 .Csi*-)}‘

o : Factor for Surface Area Increase
'S : Surface Area | |
i : Mass Fraction of the Nuclide, j
Kt : Long-term Dissolution Rate of Glass Matrix

o =

S :1.7m?

K+: 2.0 g/m?/d
Kr:5 - 10°g/m?/d

: Paraa’%&ter Values for H-3 Anaf!ySisff\

' //%/////Z// _
_ //////// -
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Calculated Release Rate in ractured'Meéa

Dose Rate [mSviy]




—3¢—frac. v=1.084 (m""3/y)

—g—frac. v=1.0e6 (m"*3/y)

—a—frac. v=1.0e8 (m*"3/y)

-~ % - por_adv. v=1.0e4 (m*"3/y)

-- O - por_adv. v=1.006 (m**3/y)

- - & - por_adv. v=1.0e8 (m”*3/y)

- ®-—por_dif. v=1.084 (m*"3/y)

- |- ~por_dif. v=1.006 (m**3/y)

- ¢-—por_dif. v=1.088 (Mm""3/y)
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Status of PNC's Thermodynamic Database
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PNC IN-HOUSE TDB FOR GEOCHEMICAL CALCULATION
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[Slj= 8 ppm is assumed for lack of analyzed datum
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. Analysis of the chemical reactions of the water-iron-glass system

P NC




Equilibrium Calculation
(Formation of
Secondary Phase)

Assumption




Calculation Case |

T T T T
-10 -8 -5
Logardthm of Reaction Progress

100 mol %
ASO mol %

[T

Logarithm of Concentration

T
7 6 5 -4 -3

Logarothm of Reaction Progress

)

100 mol %
ASO mol %
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