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ThermoChimie Benchmarking Workshop Report 

1 Introduction 
ThermoChimie is a thermodynamic database initially created and developed by Andra 
(French National Radioactive Waste Management Agency), and under development for 
more than twenty years (since 1995). In October 2014, Radioactive Waste Management 
Limited (UK) joined the project and the ThermoChimie consortium was formed. In 
March 2018, ONDRAF/NIRAS (National Agency for Radioactive Waste Management, 
Belgium) also joined the ThermoChimie consortium.  

The planned ThermoChimie (TC) benchmarking exercises aim to evaluate the 
performance of the ThermoChimie database when compared to other high-quality 
internationally recognised thermodynamic databases and test it against well-selected 
and high-quality experimental datasets. This should allow the strengths and weaknesses 
of the ThermoChimie database to be identified. The outputs of the subsequent 
benchmarking exercises will be used by the ThermoChimie steering committee to 
define the future work programme and allow further improvements to be made to the 
ThermoChimie database so that it better meets the consortium members’ needs. 

In practice, the benchmarking exercises will focus on testing a given set of geochemical 
systems of relevance to the geological disposal of radioactive waste (and possibly other 
geochemical systems for which the ThermoChimie database might be fit for purpose). 
The evolution of the geological disposal system involves numerous processes (e.g., 
speciation, solubility, sorption, complexation) and influencing factors (e.g., 
temperature, various ligands, chemical disturbances). The benchmarking exercises may 
also consider how temperature, redox potential and ionic strength (and ion interactions 
theories) affect elemental speciation and related solubility values.  

Opinions have been sought from a range of experts, and this document summarises the 
outcomes of a workshop organised by the ThermoChimie consortium held in 
Manchester on 15th October 2019 with invited experts in the field of thermodynamic 
database development and geochemical modelling. Prior to the workshop, the expert 
opinions were collected and shared among the attendees to facilitate the discussion at 
the ThermoChimie benchmarking workshop. These opinions respond to a series of 
questions posed by the ThermoChimie Steering Committee:  

1. In your opinion, what are the possible uses of a benchmarking exercise making 
use of thermodynamic databases? Please, illustrate this with a set of examples 
of previous benchmarking exercises you have been involved in.  

2. In your opinion, what are the most relevant types of modelling for the 
ThermoChimie benchmarking exercise? In other words, should we only model 
chemical process at equilibrium (which ones?) or do you think we also need to 
tackle close to equilibrium processes and/or reactive transport?  

3. In your opinion, which geochemical systems should be considered in this 
benchmarking exercise? In other words, what are the geochemical systems most 
likely to reveal the strengths and limitations of the ThermoChimie database?  
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4. Should the benchmarking exercises be based on modelling results only or 
should the benchmarking refer to a selected set of well-defined experimental 
and/or natural (e.g., groundwater composition…) datasets as in the case of 
validation exercises?  

5. Which other high-quality databases should be considered for the benchmarking 
exercise? Which codes should be used for the benchmarking exercise?  

6. Should the uncertainties provided in the database be used for benchmarking?  

7. In your opinion, what are the essential points of focus that need to be covered 
for the benchmarking exercise to usefully evaluate thermodynamic databases?  

The ThermoChimie steering committee will use this synthesis of the experts’ 
recommendations in conjunction with the needs of the waste management 
organisations, to define future benchmarking exercises. This will ensure that best 
practice is followed when evaluating the ThermoChimie database. 
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2 Expert Opinions 
This section contains written responses from the experts to the numbered questions, 
shown in bold. 

2.1 Frank Bok 

1. What are the possible uses of a benchmarking exercise making use of 
thermodynamic databases? 

Besides the direct comparison against other databases, other useful information can be 
obtained from benchmarking calculations:  

1) The data quality itself (especially with respect to data from chemical analogues 
or estimates) through direct comparison with experimental data.  

2) Validity of internal calculation routines as well as data export parsers.  
3) Behaviour of the data when using different geochemical codes (including 

information on numerical stability that can be affected mostly by highly charged 
species or complex chains of redox couples).  

4) Identification of missing data, typos, errors or consistency problems.  
5) Consequences of data updates, removals and additions (especially unplanned 

side effects).  

In addition, data-independent effects can also be identified, for example necessary 
adjustments of export parsers to new versions of the supported geochemical codes. 

2. What are the most relevant types of modelling for the ThermoChimie 
benchmarking exercise? 

Since ThermoChimie is a compilation of thermodynamic data (as well as all the other 
databases mentioned in question 5), the modelling should focus on chemical processes 
at equilibrium. It might be useful to also include examples containing pseudo-equilibria 
such as the solubility of freshly precipitated amorphous mineral phases, containing 
radionuclides – many thermodynamic databases contain data for such phases because 
of their expected relevance for radionuclide migration/retention. 

Reactive transport scenarios are often too complex to identify the source of deviations 
between modelling results and experimental data. Furthermore, reactive transport 
calculations contain processes that are not considered in (many of) the thermodynamic 
databases (e.g. sorption, ion exchange, microbial activity, system heterogeneities …). 

3. Which geochemical systems should be considered in this benchmarking exercise? 

Taking into account the different purposes of the databases used in the benchmarking 
exercise, well-defined systems should be chosen. Proposed examples could be: 

1) Solubility of radionuclide phases under given conditions of pH, Eh, ionic 
strength, pCO₂, etc. Points of phase transition are to be preferred because they 
are often well-defined and allow several thermodynamic values and interaction 
parameters to be checked simultaneously with one calculation.  
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2) Material corrosion (steel) or alteration (clay minerals) in a given solution. Here 
solutions with higher ionic strength would be an ideal test of the used activity 
model (SIT) and the chosen thermodynamic data to reveal the strengths and 
limitations of the ThermoChimie database. This might be also of interest 
because pore waters with high ionic strengths (up to 3 molal) have been 
measured in certain clay formations. 

3) To show the strengths and limitations of ThermoChimie, a chemical scenario 
should be modelled using ThermoChimie’s SIT approach in comparison with 
other activity models (e.g. Pitzer). The ranges of ionic strength over which these 
two approaches are valid overlaps (SIT: up to 3–5 molal, Pitzer: 3–15 molal), 
so this could reveal possibilities to mutually close data gaps in both approaches. 

4. Should the benchmarking exercises be based on modelling results only? 

No, if benchmarking is conducted without including any comparison between 
modelling results and experimental data, only very limited statements could be made 
about the quality of the data in the ThermoChimie database in comparison with other 
databases. 

High-quality data from well-defined experimental scenarios should come from peer-
reviewed publications and be evaluated by an expert before comparing it with 
modelling results. 

5. Which other high-quality databases / codes should be considered for the 
benchmarking exercise?  

Besides the ThermoChimie database, the following thermodynamic databases are 
actively maintained and should be considered in the benchmarking exercise: 
THEREDA1, OECD/NEA Thermochemical Database2, PSI/Nagra Chemical 
Thermodynamic Database3, JAEA Thermodynamic DataBase4 and Thermoddem 
Geochemical Database5. The majority of these databases provide data for the SIT 
activity model, but different activity models and chemical speciation should be taken 
into account as well as the original purpose of these databases. Due to difference in the 
activity models and database purposes, only limited general statements can be made 
about the overall quality of the individual databases. 

Concerning the tailored parameter files provided by the individual database projects for 
the various geochemical codes, the benchmark exercise should be performed using 
PHREEQC6 or, with a few exceptions, Geochemist's Workbench7.  

6. Should the uncertainties provided in the database be used for benchmarking? 

It is difficult to include uncertainty data in geochemical modelling of more complex 
systems, as the types of uncertainty are often completely different (confidence interval, 
standard derivation, variance, experimental / analytical parameter, estimations or 
unclear ranges). The values have to first be unified to make them comparable. In 
addition, the authors of the primary data often understate the uncertainty.  

Furthermore, consideration of the uncertainties on the thermodynamic data or 
interaction parameters during the geochemical calculation is not natively supported by 
any code. Code-coupling with some Monte-Carlo-like software and statistical 
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evaluation is possible but can become quite complicated for systems containing many 
species’ logK° values including interaction parameters (SIT, Pitzer). A more effective 
approach might be the comparison of the modelling results with quality-assured (peer-
reviewed) experimental data and consideration of their uncertainty information. 

7. What are the essential points of focus that need to be covered for the 
benchmarking exercise to usefully evaluate thermodynamic databases? 

The focus of the benchmarking activity should be on the numerical reproduction of 
quality-assured experimental data for specific chemical scenarios. Ideally, these 
experimental data should not be those used to obtain the thermodynamic parameters in 
ThermoChimie. A large number of smaller, well-defined chemical scenarios (invariant 
points, phase transitions, etc.) can be used to test a wide range of data. Possible 
deviations in the obtained calculation results away from known experimental data allow 
conclusions to be drawn about the reason for these differences. It is not as easy to draw 
these conclusions using a complex reactive transport calculation. 

A further objective of the benchmarking exercises should be to identify the species in 
the databases that are responsible for the differences between the measured values and 
the modelled results. Moreover, great emphasis should be put on quality assurance. This 
includes automated calculation routines, complete and open documentation and an 
audit. 

References 

Hyperlinks were accessed on September 26th, 2019. 

1. THEREDA: https://www.thereda.de 

2. OECD/NEA Thermochemical Database: https://www.oecd-
nea.org/dbtdb/tdbdata/   

3. PSI/Nagra Chemical Thermodynamic Database: 
https://www.psi.ch/en/les/database 

4. JAEA Thermodynamic DataBase: https://migrationdb.jaea.go.jp/cgi-
bin/db_menu.cgi?title=TDB&ej=1 

5. Thermoddem: http://thermoddem.brgm.fr 

6. PHREEQC: https://www.usgs.gov/software/phreeqc-version-3 

7. Geochemist’s Workbench: http://www.gwb.com 

 

https://www.thereda.de/
https://www.oecd-nea.org/dbtdb/tdbdata/
https://www.oecd-nea.org/dbtdb/tdbdata/
https://migrationdb.jaea.go.jp/cgi-bin/db_menu.cgi?title=TDB&ej=1
https://migrationdb.jaea.go.jp/cgi-bin/db_menu.cgi?title=TDB&ej=1
http://thermoddem.brgm.fr/
https://www.usgs.gov/software/phreeqc-version-3
http://www.gwb.com/
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2.2 Sonia Salah 

1. In your opinion, what are the possible uses of a benchmarking exercise making 
use of thermodynamic databases? Please illustrate this with a set of examples of 
previous benchmarking exercises you have been involved in. 

In our opinion, there are two main uses of benchmarking exercises:  

1) to compare the ability of different TDBs (thermodynamic databases) to adequately 
(and accurately) model key processes (with or without kinetics) and reactions (i.e. 
aqueous & surface complexation, acid-base & redox reactions, cation-exchange 
reactions, precipitation & dissolution reactions, etc.….) defined in the conceptual 
model of the system under consideration. 

2) to determine the behaviour of radionuclides in waste packages and disposal systems 
over the long-term using reactive transport/flow-through calculations. 

Examples: 

 Benchmarking TDB using speciation/solubility calculations with 
GWB/MOLDATA – Sensitivity analysis; L. Wang (2016): Other used TDB’s: 
THEREDA and ThermoChimie v.9b.0. 

Aim: Assess the influence of different water compositions and chemical conditions 
on radionuclide (i.e. Am, Eu, Mo, Np, Pu, U) speciation & solubility. Benchmarking 
involved conducting speciation calculations as a function of changing pH, DIC and 
ionic strengths, and plotting Pourbaix diagrams (Eh-pH) and solubility curves as a 
function of changing pH, DIC and ionic strengths.   

 Scientific review (organised by Andra) of the state-of-the-art (of ThermoChimie 
v.9) on organic thermodynamics; C. Bruggeman & S. Salah (2015).  

Aim/main questions: Assess which would be the most sensitive organic species with 
respect to their ligand properties under cementitious and under natural groundwater 
conditions (in clay & crystalline systems). State of knowledge about the stability of 
organic complexes, and which accurate estimation methods could be used to obtain 
lacking data? Assessment of the most relevant organic systems/conditions to be 
studied experimentally?  

2. In your opinion, what are the most relevant types of modelling for the 
ThermoChimie benchmarking exercise? In other words, should we only model 
chemical process at equilibrium (which ones?) or do you think we also need to 
tackle close to equilibrium processes and/or reactive transport?  

The most relevant calculations to test the performance of one or more TDB’s are 
considered to be thermodynamic equilibrium calculations, such as: speciation & 
solubility calculations at 25°C under different chemical conditions (including organic 
ligands/species and higher temperatures), plotting predominance diagrams to check 
phase relations as a function of temperature or different activity ratios, and plotting 
activity diagrams. Other calculations could comprise: 

 testing the impact of different activity formulism’s in systems with ionic 
strengths > 0.3 M, 

 Rn-sorption, which strongly depends on speciation,  
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 Calculating gas solubilities at 25°C, as well as at higher temperatures, 
 Redox reactions/disequilibrium, 
 Formation of solid solutions. 

We would suggest to perform these types of calculations, using the same code to enable 
discrimination of the “real” differences related to the TDB and not to the code (i.e. the 
mathematical/numerical model implementation).  

Reactive transport calculations are considered to be less relevant, as they are/were used 
(in the past) to “test” different codes and transport simulation capabilities rather than 
the TDB quality. In most cases reactive transport calculations are performed to test the 
robustness, accuracy, stability and efficiency of different codes, as well as to validate 
the implemented numerical model(s) (e.g. coupling and discretisation schemes, 
algorithms and iterations, etc.). They may however be useful tools to validate different 
thermodynamic data file formats, as they are code-specific and not TDB-specific. 
Besides this, they may reveal how minor differences observed in equilibrium 
calculations may evolve over longer time periods (be cumulative or even out).  

3. In your opinion, which geochemical systems should be considered in this 
benchmarking exercise? In other words, what are the geochemical systems most 
likely to reveal the strengths and limitations of the TC database? 

 Clay systems, backfill/containment materials (e.g. bentonite: Eh-pH control by 
accessory minerals, such as pyrite, calcium carbonate, gypsum, and quartz), 

 High pH (cement/concrete), higher temperature (near-field), higher ionic 
strength systems & their combinations, 

 Systems with steep chemical (pH, Eh) & concentration gradients, e.g. 
clay/cement interfaces,  

 Systems involving changing redox conditions (due to e.g. microbial activity or 
corrosion processes). 

4. Should the benchmarking exercises be based on modelling results only or should 
the benchmarking refer to a selected set of well-defined experimental and/or 
natural (e.g., groundwater composition…) datasets as in the case of validation 
exercises?  

It is definitely a good idea for the benchmarking to reference to well defined 
experimental and/or natural datasets/analogues. In our experience, verification of the 
thermodynamic data in ThermoChimie (and definitely for the NEATDB) already 
involves comparison to experimental data (e.g. solubility experiments). Such 
comparisons are however not always straightforward, as thermodynamic properties 
only apply to phases of defined composition (e.g. amount of bound water). Often 
variation in composition (e.g. C-S-H, clays) and/or structure (e.g. zeolites), as well as 
the presence of impurities may lead to poor (or even bad) reproducibility of 
experimental and/or natural datasets.  
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5. Which other high-quality databases should be considered for the benchmarking 
exercise? Which codes should be used for the benchmarking exercise? 

Other TDB’s to be considered:  
 PSI-NAGRA (Thoenen et al., 2014; Hummel et al, 2002) 
 MOLDATA (Wang et al., 2010) 
 JAEA (Kitamura et al. (2014) 
 Yucca Mountain TDB (Wolery and Jove-Colon, 2007; Johnson et al., 1992; 

Oelkers et al., 2009) 
 

Less relevant:  
 THERMODDEM (Blanc et al., 2012), as part of ThermoChimie or similar 

(but smaller)  
 HATCHES (Cross and Ewart, 1991) 
 THEREDA (Moog et al., 2015; Gester et al., 2009), as mainly applicable to 

higher ionic strength systems and database is quite “small”. 
 

Codes: PHREEQC, Geochemist’s workbench  

6. Should the uncertainties provided in the database be used for benchmarking? 

Indeed, it would be nice to include uncertainties in the benchmarking, but that seems 
almost impossible/very unrealistic. TDBs don’t (i.e. the electronic format) include the 
uncertainties, and most of the common codes cannot include all uncertainties when 
performing calculations. 

7. In your opinion, what are the essential points of focus that need to be covered for 
the benchmarking exercise to usefully evaluate thermodynamic databases? 

 Internal consistency and completeness of database 
 Traceability/documentation of data source and selection 
 Data gaps/weaknesses 
 Used estimation and extrapolation methods 
 Available database formats (implementation of different activity models) 
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2.3 Tim Heath 

1. In your opinion, what are the possible uses of a benchmarking exercise making 
use of thermodynamic databases? Please illustrate this with a set of examples of 
previous benchmarking exercises you have been involved in. 

Some possible applications of benchmarking activities are: 

• Predicting and correcting groundwater compositions and the effect of mixing 
groundwaters with each other or other porewaters (e.g. the thermodynamic 
benchmarking exercise under the Grimsel CFM project). 

• Predicting radionuclide solubility and speciation in specific waters for specific 
conditions (e.g. the thermodynamic benchmarking exercise under the Grimsel 
CFM project; the database comparison of ThermoChimie with HATCHES for 
RWM). 

• Testing of radionuclide sorption and uptake models. But note that this requires 
some sorption model specification that is not included in most thermodynamic 
databases (e.g. the NEA Sorption Forum project). 

• Predicting the evolution of key engineered barrier materials, including their 
interaction with groundwater and, potentially, waste components. These should 
include cementitious materials and bentonite. (the database comparison of 
ThermoChimie with HATCHES performed for RWM before joining the 
ThermoChimie consortium). 

• Testing of the use of uncertainty values for data in thermodynamic databases 
for use in the propagation of uncertainty to predict pH values, water 
compositions and radionuclide solubility (e.g. the thermodynamic 
benchmarking exercise under the Grimsel CFM project). 

2. In your opinion, what are the most relevant types of modelling for the 
ThermoChimie benchmarking exercise? In other words, should we only model 
chemical process at equilibrium (which ones?) or do you think we also need to 
tackle close to equilibrium processes and/or reactive transport?  

I consider the most relevant types of modelling for the ThermoChimie benchmarking 
exercise to be:  

• Prediction of the saturation state of specified groundwaters with respect to 
relevant mineral phases, and the effects of mixing groundwaters  

• Radionuclide chemistry, including:   

o Speciation in selected groundwaters and near-field porewaters  

o Prediction of redox boundaries for key radionuclide oxidation state 
transitions  
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o Effect of important organic complexants on radionuclide speciation and 
solubility  

o But probably not including radionuclide sorption because the 
mechanisms and data for sorbed species are not part of the database so 
it is not a good test of the database  

• Cement mineral assemblage and bentonite performance, including:  

o Prediction of the initial mineralogy and porewater composition from a 
specified formulation  

o Prediction of the evolution of the mineral assemblage and conditioned 
porewater composition due to interactions with groundwater (and 
possibly waste components)  

• Potentially consider the effect of ionic strength and temperature on a selection 
of the above examples.  

• Consider probabilistic modelling to assess the use of uncertainty values taken 
from the database  

Regarding the potential consideration of tackling “close to equilibrium processes and/or 
reactive transport”, I think this needs careful consideration if it implies the inclusion of 
kinetic reactions. At the moment ThermoChimie is purely a thermodynamic database 
and includes no kinetic data. If benchmarking exercises involving kinetic reactions, as 
key components, are developed, these will not be a good test of the database as the 
results will be strongly dependent on kinetic data supplied as part of the exercise, but 
not part of the database. If consideration is to be given to including some kinetic 
reactions as a part of the database, this would require careful and separate consideration 
and discussion. If the object of the exercises is to compare the effects of data differences 
between databases, then keeping the exercises simple (based on equilibrium chemistry 
and no or very simple transport) will aid the comparison of results and identification of 
the most important differences. 

3. In your opinion, which geochemical systems should be considered in this 
benchmarking exercise? In other words, what are the geochemical systems most 
likely to reveal the strengths and limitations of the TC database? 

The systems above in the answer to the previous question should be considered. This 
might include variation of the ionic strength of groundwaters and porewaters within the 
defined range for which ThermoChimie has been developed. But it would exclude 
evaporite-based scenarios with very high ionic strengths. The effect of elevated 
temperature on porewaters associated with bentonite materials as well as clay and hard 
rock mineral phases might also be considered within the temperature limits of 
ThermoChimie. 

4. Should the benchmarking exercises be based on modelling results only or should 
the benchmarking refer to a selected set of well-defined experimental and/or 
natural (e.g., groundwater composition…) datasets as in the case of validation 
exercises?  
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I consider both approaches to be valid. But it should be made clear for each exercise 
whether the objective is to test ThermoChimie against the corresponding datasets in 
other databases, or whether it is to test ThermoChimie against its ability to predict or 
explain observed data. This is because it would be wise to avoid situations where 
differences in results are due to the combined effects of different modelling decisions 
and different thermodynamic databases, but separation of the two effects is difficult. 

5. Which other high-quality databases should be considered for the benchmarking 
exercise? Which codes should be used for the benchmarking exercise? 

Other Databases 

• Nagra/PSI (plus CEMDATA where relevant) 

• PHREEQC standard database (geochemical data) 

• Nuclear Energy Agency thermodynamic database NEA/TDB (radionuclides 
and supporting data only) 

• LLNL database (derived from databases for EQ3/6 and Geochemist's 
Workbench) 

• THERMODDEM database; Pitzer.DAT (available with PHREEQC); databases 
developed for use at high ionic strengths but also applicable at lower values. 

• (others MINTEQ, WATEQ4F, JAEA Thermodynamic database) 

Codes 

• PHREEQC 

• ToughReact 

• PFLOTRAN 

• Geochemist Workbench 

6. Should the uncertainties provided in the database be used for benchmarking? 

This would certainly be useful, particularly in the case of the UK approach to the 
treatment of uncertainty. It would provide consistency with the assessment modelling 
approach based on random sampling of input parameter values and probabilistic 
calculations to propagate the uncertainty to the output results. 
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7. In your opinion, what are the essential points of focus that need to be covered for 
the benchmarking exercise to usefully evaluate thermodynamic databases? 

Testing of datasets for key complexants with selected radionuclides under alkaline 
cementitious conditions, particularly for systems recently studied in high quality work, 
and for any planned experiments for subsequent comparison with experimental results. 

Testing of the ThermoChimie data for cementitious mineral phases: this area of 
ThermoChimie has not been reviewed in recent years and is a long way behind the 
state-of-the-art database (i.e. CEMDATA) 

Testing predictions of bentonite behaviour at higher temperatures.  
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2.4 Laurent De Windt 

1. Possible uses of a benchmarking exercise making use of thermodynamic databases  

The first goal of the benchmarking exercise is to compare results output from at least 3 
international thermodynamic databases (TDB) for systems with multiple interacting 
components. This exercise will evaluate the completeness of the dataset, assess its 
quantitative results, and check its robustness and internal consistency (see Q7 for 
details). 
The benchmarking study should be of significant interest to the scientific and/or 
disposal safety communities and draw the attention of the wider scientific community 
to the TC database. In this context, some points of comparison with experimental or 
natural data from complex systems can be an effective “benchmark”, but careful 
account has to be taken of the full experimental conditions.  
The benchmarking could be performed as a set of targeted scientific papers grouped 
into a dedicated volume. This approach is currently followed when benchmarking 
reactive transport models (RTM). 
Some examples of similar benchmarking exercises include:  

• RTM benchmarking of cement/clay interfaces, focusing on the TDB and solid 
phases,  

• sensitivity analysis on the impact of redox potential on the speciation of 
actinides in clay (COx) groundwater and steel environment,  

• the ThermoBridge internal TC benchmark (partly using our geochemical code 
CHESS) and some recent database benchmarks from the literature. 

2. Most relevant types of modelling for the TC benchmarking exercise 

Most of the exercises can be done with a geochemical code at thermodynamic 
equilibrium. This would clearly focus on the core data in TC, but also minimize 
numerical uncertainties brought about by modelling kinetics or RTM. Titration models 
(covering a range of pH, Eh or species concentrations) are useful in addition to 
speciation calculations of a single solution. The mixing of two geochemical systems is 
less relevant than RTM. Activity-activity diagrams can be used to highlight differences 
between TDBs when modelling the same system.  

RTMs in a simple configuration (1D regular mesh) are helpful for complex binary 
systems, such as cement/clay interfaces. The spatial distribution better discriminates 
between the multiple reactive fronts and ranges of aqueous concentrations. The 
combination of TC and RTM is also positive from a communication point of view. 

The issue of solid solutions vs. discrete phases is essential for the cement phases (C-S-
H, AFm…) and, to a lesser extent, the cationic end members of clay phases (Na- vs. 
Mg-smectite…) vs. cation exchange models.  

(Near-equilibrium modelling can smooth sharp transitions between mineral phases of 
similar formation constants, useful while comparing TDB, but saturation indices bring 
the same information).   
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3. Geochemical systems of relevance for the TC benchmarking exercise 

The speciation of several key radioactive elements in the porewater of deep clay 
formations is relevant (e.g. the COx porewater, at midway between diluted and saline 
clay chemistry). The selection of elements has to balance remaining uncertainty on their 
speciation with interest for the safety of underground (and subsurface?) disposals; for 
instance, U, Pu, and Se. Speciation focuses on aqueous chemistry and the saturation 
indices of all solid phases in equilibrium with a selected set of solid phases relevant for 
solubility limits. 

The effect of the redox potential on speciation at a fixed pH can be addressed, e.g. the 
competition between the ternary Ca(Mg)-CO3-U complex and the U(VI)/U(IV) redox 
couple (to simulate a transient stage from oxic to anoxic conditions). Similarly, the 
sensitivity of speciation to a temperature decrease is relevant due to the temperature 
changes expected in disposal facilities, but also the large set of TC data over 10 – 90 
°C. The effect of salinity (ionic strength) is maybe less essential for the TC 
benchmarking exercises since it depends more on the activity model used than the TDB 
itself. The question of phosphates or hydrophilic organic species (e.g. carboxylic acids) 
can be debated. 

Binary cement/clay and iron/clay are key systems in geological disposal that can be 
assessed using RTMs (see Q2). Cement/clay is maybe the easier system to benchmark 
since cement phases are mostly under thermodynamic equilibrium, there is a large 
amount of constant data available for the cement phases and cement-based materials 
are ubiquitous in disposal systems. The clay phases are also well represented in TC. 
The literature on RTM benchmarking has to be taken into account to avoid replication. 
Corrosion products of iron in a natural water at different temperatures can be used as 
an alternative to the iron/clay interface (although metastable phases can coexist for 
kinetic reasons).  

(A benchmark exercise coupling radionuclide speciation and engineered barrier 
evolution will illustrate that TC is able to simultaneously tackle these two aspects of 
performance and safety assessment; although sorption cannot be considered in TC). 

4. Validation through modelling results or well-defined experimental/natural 
datasets 

The validation of thermodynamic data on experimental data is more the job of the NEA 
expert groups than the TC benchmarking one. I would put a larger focus on comparing 
the consistency and completeness of TC against other databases, but one or two real 
systems can be added to the process.  

The validation of TC calculations on real systems is useful for large multi-component 
systems or for recent issues such as ternary actinide complexes. Furthermore, 
comparison with complex real systems brings confidence and visibility to TC. 

5. Databases and codes for the TC benchmarking exercise  

TC is very powerful for computing radionuclide chemistry as a constant effort has been 
made to compile most of the data from the NEA “blue books”. TC is also well capable 
of simulating the evolution of the engineered and geological barriers (clay phases, 
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corrosion products, cement phases). I am not sure than the other TDBs cover these 
aspects so well (it would perhaps be necessary to select a different set of TDBs for some 
exercises).  
CEMDATA2018 is essential for cement phases but also highly specialised. The 
NAGRA/CEMDATA is a more ubiquitous choice. A non-European TDB would be 
welcome, such as the LLNL TDB (or the JAEA TDB provided a Japanese colleague is 
involved in the benchmarking process). (I do not know how different the NEA and 
MOLDATA TDB are from TC, THERADA seems to focus on highly saline 
environments.) 

The simplest way is to use the PhreeqC code since it supports most TDB and has several 
activity-correction models. This approach minimizes the numerical discrepancies 
among codes or the possibility of introducing errors while extracting the data for each 
code. However, the chance of realising these two risks is rather low and other codes 
(such as CHESS) can be used if it eases the management of the project. 

6. Uncertainties in the database for the TC benchmarking exercise 

It is very important than the TC web site and documentation provide an estimation of 
the uncertainty for each thermodynamic constant (but too much information in the 
database itself makes the file less readable). 

(Uncertainty propagation for a multi-component system could be interesting but is 
maybe out of the scope of TC benchmarking. I do not have experience on probabilistic 
algorithms used in safety analysis.) 

7. Essential points of focus for benchmarking to evaluate thermodynamic databases 

• To use multi (interacting) component systems and elements of interest to both 
the scientific community and safety assessors; one strength of TC is its ability 
to combine multibarrier materials and radionuclide speciation; 

• to evaluate the completeness of the dataset (lack of essential reactions or 
secondary phases) for the behaviour or an element (e.g. Pu) or solid phase (e.g. 
corrosion products) in multi-component, complex, and realistic systems; 

• to assess its quantitative results (solubility, relative proportion of aqueous 
complexes, Mg/Si ratio in M-S-H…); 

• to check the robustness and internal consistency of the database when changing 
a key parameter, e.g. the redox potential or the temperature. 

The use of an RTM with a simple spatial configuration may be useful for evaluating 
the mineralogical evolution at interfaces. Comparison with a few complex real systems 
brings confidence and visibility to TC. At the end of the process, TC benchmarking can 
lead to a set of targeted scientific papers. 
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2.5 Kastriot Spahiu  

1. In your opinion, what are the possible uses of a benchmarking exercise making 
use of thermodynamic databases? Please illustrate this with a set of examples of 
previous benchmarking exercises you have been involved in. 

I found in Wikipedia that “Benchmarking is the practice of comparing business 
processes and performance metrics to industry bests and best practices from other 
companies”. The term used back in the 80s and 90s was comparison of databases used 
in geochemical modelling. In that case the same geochemical code was used with 
various databases. I have participated in the later stages of the EU-project Chemval [1, 
2]. Another example of database comparison is a White Report[3] sent to NEA-TDB 
by Tom Wollery in 2005, pointing out discrepancies between the NEA-TDB and the 
NIST and other databases which were used for the EQ 3/6 database (it was considered 
quality assured for the Yucca Mountain project). Other examples may be found in a 
publication by B. Merkel –Thermodynamic data dilemma [4], where differences in 
U(VI) speciation predicted by various databases and calculation codes are reported. 
Emren et al [5] have compared solubilities of Pu(OH)4 calculated by four different 
modellers and found a large influence of the modeller in the calculation results. 

2. In your opinion, what are the most relevant types of modelling for the 
ThermoChimie benchmarking exercise? In other words, should we only model 
chemical process at equilibrium (which ones?) or do you think we also need to 
tackle close to equilibrium processes and/or reactive transport?  

It is my understanding that Thermochimie is a thermodynamic database thus it contains 
thermodynamic data at standard state for all possible species and can be used mainly to 
calculate chemical equilibrium data, such as chemical speciation in aqueous systems 
with several components including solid phases. Of course, this does not exclude its 
use in estimating e.g. Gibbs energies of formation of intermediary states and thus 
estimating energy barriers in kinetic studies or its use to calculate speciation when 
surface complexation modelling is used for sorption. 

I struggle to grasp its use in close to equilibrium processes (the dissolution rate of a 
solid decreases as you approach equilibrium, but this is a kinetic and not 
thermodynamic issue) while I see no problem with its use to calculate chemical 
speciation at equilibrium in each cell considered in a reactive transport model. Aqueous 
complexation or redox reactions are usually fast enough to reach equilibrium in each 
calculation cell, but exceptions to this rule cannot be excluded.  

3. In your opinion, which geochemical systems should be considered in this 
benchmarking exercise? In other words, what are the geochemical systems most 
likely to reveal the strengths and limitations of the TC database? 

My understanding is that a thermodynamic database can be used with an appropriate 
geochemical calculation code to estimate the equilibrium concentrations of all species 
and the solubilities inside e.g. a damaged high-level waste container or in a storage 
room of a LILW repository, by making the appropriate assumptions. In SKB´s LILW 
case, solubility limits are seldom reached, especially if one accounts for sorption 
equilibria, which are usually faster. Besides its use in reactive transport, I don’t think 
calculation of radionuclide solubilities is relevant in the far field. It is my understanding 
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that Andra had the ambition to calculate clay and cement mineral equilibria, but I am 
not well acquainted with the progress in this field. On the other hand, this is an 
important point which also affects the calculation of radionuclide solubilities, as 
discussed e.g. by Emren et al. [5]. 

4. Should the benchmarking exercises be based on modelling results only or should 
the benchmarking refer to a selected set of well-defined experimental and/or 
natural (e.g., groundwater composition…) datasets as in the case of validation 
exercises?  

I would say both would be valuable, even though I am not an expert in this field. In 
connection with this task, I read a couple of very good articles about model validation 
(Sheng et al. [6], Nordstrom [7]). In my opinion, these studies (especially Sheng et al. 
[6]) give a useful summary of how a benchmarking or validation exercise should be 
carried out and they also discuss the importance of choosing appropriate experimental 
data for comparison.  

5. Which other high-quality databases should be considered for the benchmarking 
exercise? Which codes should be used for the benchmarking exercise? 

There are a number of databases that have a good reputation in our field, such as the 
one used by Nagra, Switzerland or JAEA, Japan and consideration should be given 
other ones too, such as database of Eq 3/6 used in US or Thereda in Germany. The 
results of the benchmarking exercise will depend on the database and the calculation 
code used. I would be very careful with the choice of codes, mainly concerning the 
approach they use for ionic strength corrections. Many years ago, I was using Phreeqe 
to calculate the speciation in a groundwater containing high NaCl concentrations and 
U(VI) and I found mainly hydrolysed U(VI) instead of the expected carbonate 
complexes. I was forced to take away the NaHCO3 complex from the database to get 
the correct speciation. I quickly checked the Phreeqe SIT database (it is mentioned in 
Giffaut et al.[8] that weak complexes are taken away) and I found both epsilons for Cl, 
Eu, and NO3 as well as stability constants for EuNO3 and EuCl2+ complexes. In this 
case the epsilon becomes erroneous, because it is determined in concentrated EuCl3 or 
EuNO3 solutions neglecting the complexation and assuming e.g. fully dissociated 
EuCl3.  

6. Should the uncertainties provided in the database be used for benchmarking? 

I have tried for more than 20 years to find out how this can be done for NEA-TDB, but 
to my knowledge there is as yet no geochemical code that can make use of the 
uncertainties in the constants. From contacts with mathematician groups I understood 
that the problem is a complicated one. To use Monte Carlo methods would be a way 
forward, if the uncertainties would be independent from each other-unhappily this is 
not the case for e.g. carbonate, bicarbonate and pH. I would be delighted if you find a 
way to solve this problem.  

7. In your opinion, what are the essential points of focus that need to be covered for 
the benchmarking exercise to usefully evaluate thermodynamic databases? 

I would check other rather important issues concerning a high-quality database together 
or before starting with benchmarking. As I have understood, the core of the data for 



 

 18 16 December 2019 

most radionuclides in ThermoChimie is NEA-TDB [8]. In the case of these data, the 
chair of the review team has the responsibility to check the internal consistency of the 
data. This is not trivial in the case of the procedure used in NEA-TDB, because each 
constant is chosen individually based on scrutinizing the published literature. In the 
case of NBS-tables all accepted experimental data were fed into a computer program 
which selected the values assuring the closure of all thermodynamic cycles possible 
and the minimisation of the Gibbs energy. In this way it selected the individual values 
to be included in the database. In this case consistency is assured from the procedure of 
selection; on the other hand, the coupling between the values selected and those fed to 
the program from the beginning is not so strong. It was enough to include a single 
erroneous value for heat of solution of P2O5 in the phosphate cycle [9] to get large 
discrepancies for all phosphate species. 

ThermoChimie has been extended through the inclusion of several constants from e.g. 
Smith & Martell or other database sources especially for metals or ligands not included 
in NEA-TDB. It is imperative to carry out a consistency check, which would reveal 
also potential typos or otherwise erroneous values. 

Other issues to be checked concern the completeness of the database. Thus, for example 
sulphides and phosphates have many very insoluble solids, making it difficult to 
investigate the formation of their complexes. There is an excellent example by Thoenen 
[10] that demonstrates how the lack of values for nickel sulphide complexes results in 
very low solubilities for the solid nickel sulphide. These issues are not covered in NEA-
TDB, i.e. there is no requirement for completeness, and just a review of published 
values is carried out. Even a simple comparison of the values of the constants in 
ThermoChimie with other databases may reveal issues that need to be checked, that this 
may potentially improve the database. 
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2.6 Don Reed 

The process of validating models through benchmarking activities is a critical and 
needed step in the development of a credible and defensible safety case in a repository 
concept. This accomplishes two important objectives: First, it confirms that the models 
can correctly predict the outcome of results when many things are well understood and 
defined (e.g., the results for simplified well controlled studies) and second, it challenges 
the understanding and applicability of the model to predict the geochemical conditions 
and source term description in the real-system application of a repository concept. 
These altogether will build public confidence and regulator acceptance of the repository 
safety case. 

The Waste Isolation Pilot Plant (WIPP), which has been an active TRU waste repository 
since its licensing in 1998, has utilized various forms of benchmarking in its model and 
database development and application throughout its operational history. These have 
had a limited amount of success and could be done more systematically. These studies, 
as discussed in more detail below, have led to the discovery of missed dependencies 
and provide a measure of conservatism in the modelling approaches and databases 
being utilized. 

1. What are the possible uses of a benchmarking exercise making use of 
thermodynamic databases? 

Benchmarking exercises of a model/database have primarily two important uses:   

a. To confirm the correctness of the choices, dependencies and selected data in the 
database. This can be done by model to model predictive comparisons of the 
same well-defined system. They are best done in conjunction with a well-
defined experiment where there are both model-model comparisons and model-
experiment comparisons.    

In the WIPP project we have been working with the THEREDA model/database to 
make predictive comparisons with the WIPP FMT model. These models, although both 
based on an application of the Pitzer approach, were developed completely 
independently and at different times meaning they are based on different experimental 
results. These comparisons have shown that there are fairly good agreements with most 
of the brine components (e.g., oceanic salt components) with the exceptions of Mg and 
Ca. Additionally, they showed some significant discrepancies in the dependencies and 
prediction of key actinide solubilities. These exercises confirm what is working well, 
identify data gaps or areas where more studies are needed, and identify potential errors 
in implementation.  

b. To make sure that all key dependencies and critical relationships are identified.   

Complex brine experiments, designed to challenge the WIPP model, led to an 
understanding of the key roles played by the lesser components of the brine (borate, 
sulfate and bromide). Borate complexation of the trivalent actinides, which was missing 
in our models, was discovered. Bromide was found to have a key role in the radiolysis 
of brine systems in that hypobromite was preferentially formed over hypochlorite. 
Sulfate phases were identified as solubility-controlling at the lower pHs investigated.  
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2. What are the most relevant types of modeling for ThermoChimie benchmarking? 

ThermoChimie should model two types of systems. First well-defined (simplified) 
systems that are also likely to be at/near equilibrium. These model results can be also 
compared to those obtained by similar databases. Second, the model should be 
challenged by real-system applications where complete equilibrium is not expected or 
predicted. This latter exercise will be the likely case for moving forward in defending 
a safety case for a specific repository application. 

3. Which geochemical systems should be considered for model strengths and 
limitations? 

The limitations of the model will be best evaluated by modelling well-controlled 
complex (e.g., simulated groundwater) experiments. This will establish if the proper 
relationships are fully accounted for in the model. In this sense, it will identify possible 
gaps in the database. Examples of this approach are the modelling of simulated 
groundwater experiments and real-system application to natural analogues or site-
specific (for the repository) conditions/groundwaters.  

The strengths of the model will likely be established in simplified system studies that 
are expected to be well behaved.  

4. Should the benchmarking exercises be based on modelling results only or should 
the benchmarking refer to a selected set of well-defined experimental and/or 
natural (e.g., groundwater composition…) datasets as in the case of validation 
exercises?  

My personal opinion is that you need to do both.   

There should be a systematic comparison with other models for known well defined 
systems that are fully addressed by both models – this will build credibility for the 
approach and data content of the model. 

Additionally (see answer to question 3), the most important challenge to the database 
is its ability to model the natural or well-defined complex systems as this would test the 
completeness and adequacy of the proposed database and models. This issue of 
completeness, or in the absence of this, the conservatism of the modelling will be a very 
critical factor into the regulatory process for repository licensing.    

5. Which other high-quality databases should be considered for the benchmarking 
exercise? Which codes should be used for the benchmarking exercise?  

This question is away from my area of expertise. As to the high ionic-strength 
applications, THEREDA is a well-documented model that is “complete” in some areas 
– this could be a good check on this aspect of the ThermoChimie database and model.  

6. Should the uncertainties provided in the database be used for benchmarking?  

It is important to find some way to address uncertainties. A benefit of doing this within 
ThermoChimie would be that it would help identify weakness (hence prioritize fixes to 
the database) and it would provide a more realistic sense of what levels of uncertatity 
can be sensibly supported by current data. There are far too many modelling 
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calculations within the field that provide levels of precision that far exceed what is 
available experimentally (e.g. six significant figure calculations of pH and solubility). 
That being said, this will miss what might be the most critical source of uncertainty, 
which are the data gaps or missing processes/relationships in the model. The database 
sources of uncertainty are a good and perhaps critical input into the overall uncertainty 
assessment, but this will not be sufficient and needs to be considered in the broader 
context of how uncertainties are handled within the safety case.    

7. In your opinion, what are the essential points of focus that need to be covered for 
the benchmarking exercise to usefully evaluate thermodynamic databases?   

It is important to show that the database works well for the systems we understand very 
well.  But is also important to show that they account for or bound the key processes 
that will define the source term in repository applications. The latter issue is the most 
important as it is key to the defensibility of the safety case.    
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3 Workshop Summary 
This section summarises the main points from the presentations and discussions at the 
ThermoChimie workshop. It is organised around themes, which loosely address the 
questions outlined in the introduction to this report. Except where a single contributor 
made a specific point, the experts’ opinions have been summarised together.  

3.1 Aims and possible uses of benchmarking exercises 

The most commonly suggested aim of the ThermoChimie benchmarking exercise was 
that it should assess the strengths and weaknesses of the database. The exercise should 
test the ability of ThermoChimie to accurately reproduce experimental results and 
compare its results to those given by other databases. 

In addition to this overall aim, a number of possible additional uses for the 
benchmarking exercise were suggested:  

• Identify gaps in the database and spot any errors. 

• Test how the database performs with different geochemical codes. 

• Raise the profile of ThermoChimie with the wider scientific community (though 
publication of the benchmarking results). 

Kastriot Spahiu suggested that to give it maximum credibility the ThermoChimie 
benchmarking exercise should follow similar approaches to those taken by other 
internationally recognised databases.  

Don Reed stressed that the aim of any geochemical modelling should be to underpin 
the post-closure safety case. Therefore, any arguments made from geochemical models 
should be well supported and defensible. Benchmarking exercises can help in this aim 
by building confidence in the ThermoChimie database and the geochemical models in 
which it is used.  

3.2 Potential benchmarking models – equilibrium, kinetic and 
reactive transport 

The experts agreed that given the nature of the ThermoChimie database, which contains 
thermodynamic data, any benchmarking exercises should focus primarily on 
equilibrium reactions, rather than kinetics. A simple 1D reactive transport model could 
provide a useful benchmark, however some of the experts advised against including a 
transport model as it would introduce excessive complexity and uncertainty that may 
be difficult to interpret (e.g. are errors due to values in the database or other parameters, 
such as diffusivity).  

Some specific models that could be run for the benchmarking were: 

• Solubility calculations for radionuclides and chemotoxics (including speciation 
when experimental data are available for discrimination). U was suggested as a 
good candidate species as there is a lot of data available, but its chemistry is 
complex. 
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• Sorption (not sorption model development, but e.g. sorption reduction factors 
based on speciation). 

• Redox reactions. 

• Organic complexation. 

• Stability and evolution of engineered barrier systems (clay and cement based), 
including steep gradients such as at the interface between two 
materials/components. 

• A high ionic strength model comparing the SIT and Pitzer approaches. 

It was suggested that any benchmarking models should follow the “KISS” principle 
(keep it simple stupid), beginning with simple systems with two components at 
equilibrium. Complexity could then be added step-by-step to model more ‘realistic’ 
systems. Examples of increased complexity included, modelling at high temperature, 
at higher ionic strength, and with organics present. It was also suggested that redox 
processes and solid-solutions could be included.  

Don Reed demonstrated with examples from the WIPP that modelling complex systems 
can be a good test of how well a model performs, and may highlight gaps in the database 
(for example missing phases). When evaluating these models of real systems, it is 
important to make sure any disagreement between model and observation is coming 
from the model rather than from a lack of understanding of the system. 

3.3 Geochemical systems 

A large number of geochemical systems were suggested for use as benchmark 
examples. It was generally agreed that the focus should be on conditions that were of 
most relevance to the safety case for a geological disposal facility, including in clay 
rocks, crystalline rocks and cementitious systems. A suggestion was made, however, 
that it might be interesting to benchmark the database in the extremes of these systems, 
for example at high pH, ionic strength or temperature. ThermoChimie is also used for 
work on heavy metals and contaminated land, but these are beyond the designed remit 
of the database so of less importance for the benchmarking exercises.  

As part of the benchmarking is likely to involve comparison between different 
databases, it is important to ensure that all of the databases are capable of modelling the 
chosen systems. This is not always the case as the species present in the databases and 
the conditions over which they are valid (T, P, etc.) vary. So, care should be taken when 
selecting the test systems. However, it is important not to cherry-pick systems where 
ThermoChimie performs better than other databases. In fact, some experts suggested 
inverse cherry-picking of systems where ThermoChimie is known to be less complete 
than other databases. 

3.4 Suitable modelling and experimental studies 

It was repeatedly highlighted that it is important to benchmark against high-quality 
experimental data, rather than simply comparing modelling results. However, when 
experimental data is used, this should be reviewed and selected by experts as there is a 
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lot of bad data out there! However, high-quality data that has already been used to build 
the database should be avoided as the use of these data sources might lead to self-
reinforcing results that undermine the usefulness of the benchmarking exercise. 

Ideally, experimental data used for the benchmarking exercise should come from well 
constrained systems. In practice this means using laboratory experiments, where all the 
variables can be controlled, rather than observations from natural systems where there 
are a lot of unknowns. 

3.5 Other databases and codes 

It was generally agreed that a good benchmarking exercise would be to model the same 
geochemical systems using both ThermoChimie and a range of other high-quality 
thermodynamic databases. The results of this modelling could then reveal gaps in 
ThermoChimie that other databases fill. A number of different geochemical databases 
were suggested, but most experts recommended those that were internally consistent, 
including: 

• The NAGRA-PSI database. 

• The JAEA database, as a good non-European option. This database would be 
particularly suitable for modelling the actinides.  

• The THEREDA database for calculations at higher ionic strength. This is a 
Pitzer database so would allow comparison of results using this approach 
against the SIT approach used in ThermoChimie. 

• The CEMDATA database for modelling cement phases, many of which are 
currently absent from ThermoChimie. It would be interesting to see if the 
additional phases make any significant difference to the modelling outputs. 

The LLNL and Yucca Mountain databases should be avoided as it is unclear how they 
are updated and may be out of date. The NEA-TDB database and Thermoddem share 
many values with ThermoChimie so are less useful comparators. Since RWM has now 
joined the ThermoChimie consortium, their old Hatches database is no longer being 
actively updated or supported. 

Running speciation calculations with different databases can be problematic as different 
databases may include different phases and/or different aqueous species (especially 
where different activity models are contained in the databases under consideration).  

The experts recommended that PHREEQC should be used as the main code for the 
benchmarking exercises as it is freely available and has a robust feature set. Any 
comparative codes should include similar functionality. Frank Bok also highlighted that 
when running models, it was best to use copies of databases that come with the code as 
they have been verified as functional. There can sometimes be issues in syntax when 
importing a new database to use with a code.  

Tim Heath suggested that PFLOTRAN could be used for the benchmarking if a reactive 
transport model was used. However, ThermoChimie is not currently available for this 
code, so it would first need to be extracted into a compatible format. 
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3.6 Uncertainties 

The experts agreed that it would be good to try and incorporate uncertainties from the 
database into the benchmarking models. However, the exact approach to do this was 
not agreed. This may also be a difficult task as many of the common geochemical codes 
that would be used to run the benchmark models do not have any way to calculate 
uncertainties. Indeed, Laurent De Windt made an appeal that uncertainties should not 
be included in the database files, formatted for use in the codes, as this would just make 
them more difficult to read, without any real benefit. Instead details of uncertainties 
should just be provided through the website and supporting documents. 

Tim Heath presented the most detailed discussion of uncertainties and suggested a 
probabilistic approach, producing PDFs for the values. This involved running repeat 
models while varying the input values, using Monte Carlo analysis to find the 
uncertainty range. Frank Bok suggested a similar approach. 

It was generally agreed that that any benchmarking of uncertainty should only be 
undertaken for simple systems. Attempts to including uncertainty analysis in complex 
systems (such as solid solutions or transport models) could introduced too much 
complexity and lead to unnecessary inflation of errors due to unaccounted for parameter 
correlation or double counting (e.g. inclusion of error for the same element as both a 
solid and aqueous species).  

Don Reed stressed that if uncertainty analysis is not carefully conducted, the resulting 
values can be unrealistically, and unhelpfully large. Therefore, it is important to ensure 
that where uncertainties are included, they are developed from reliable data sources, 
following a robust methodology (such as Monte Carlo analysis). 

3.7 Points of focus for the benchmarking exercises 

In addition to addressing the specific questions, the experts made a number of general 
points regarding the focus of the benchmarking exercises and things to consider when 
performing the benchmarking work: 

• The benchmarking exercise could be automated to limit user error and speed up 
the process – e.g. generate a python script to run all the tests. 

• The benchmarking process should be well documented, and the results should 
be published. Publishing in a peer reviewed journal could both raise the profile 
of the database and increase the credibility of the benchmarking work. 

• Phase diagrams could be used as a good way to show the results, particularly 
when comparing between databases. 

• Different modellers can model the same system and get different results 
depending on the approach taken. This can either be accounted for and used as 
a benchmarking test, giving the modellers freedom of approach, or the model 
could be quite prescriptive in its approach to remove this variable.  
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• Models need to be defensible and explainable, even if they are not truly accurate 
descriptions of the system. If performed correctly, benchmarking exercises can 
build confidence in the models used to support the safety case. 
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Appendix A – Presentation Slides 
A.1 Steering Committee Introduction 
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A.2 Frank Bok 
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A.3 Sonia Salah 
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A.4 Tim Heath 
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A.5 Laurent De Windt 
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A.6 Kastriot Spahiu 
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