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Sorption of radionuclides in bentonites and rocks is one of the key processes in the safe
geological disposal of radioactive waste. Japan Atomic Energy Agency (JAEA) has developed
sorption database (JAEA-SDB) which includes extensive compilation of sorption Ka data by
batch experiments, extracted from published literatures. JAEA published the first SDB as an
important basis for the H12 performance assessment (PA), and has been continuing to
improve and update the SDB in view of potential future data needs, focusing on assuring the
desired quality level and practical applications to Ka-setting for the geological environment.
The JAEA-SDB includes more than 24,000 K4 data which are related with various conditions
and methods, and different reliabilities. Accordingly, the quality assuring (QA) and classifying
guideline/criteria has been developed in order to evaluate the reliability of each Kq value. The
reliability of Ka values of key radionuclides for bentonite, mudstone, granite and
Fe-oxide/hydroxide, Al-oxide/hydroxide has been already evaluated. These QA information
has been made available to access through the web-based JAEA-SDB since March, 2009.

In this report, the QA/classification of selected entries in the JAEA-SDB, focusing on key
radionuclides (Th, Np, Am, Se and Cs) sorption on tuff existing widely in geological
environment, was done following the approach/guideline defined in our previous report. As a
result, the reliability of 560 Ka values was evaluated and classified. This classification scheme
is expected to make it possible to obtain quick overview of the available data from the SDB,

and to have suitable access to the respective data for Kq-setting in PA.

Keywords: Sorption Database, Distribution Coefficient, Ka, Reliability, Quality Assuarance,
Geological Disposal
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1. Introduction

Sorption and diffusion of radionuclides in buffer materials (bentonite) and host rocks
(rock matrix) are the key processes in the safe geological disposal of radioactive waste,
because migration of radionuclides in these barrier materials is expected to be
diffusion-controlled and retarded by sorption processes. Sorption and diffusion of
radionuclides on these barrier materials depends critically on relevant geochemical
conditions, especially Ka values are highly conditional parameters (e.g., NEA, 2001;
2005). It is therefore necessary to understand the detailed/coupled processes of diffusion
and sorption in compacted bentonite/intact rock, and to develop the database containing
extensive compilation of sorption Ka data and the mechanistic/predictive
model/database, so that reliable parameters can be set under a variety of geochemical

conditions relevant to performance assessment (PA).

Japan Atomic Energy Agency (JAEA) has developed the sorption databases (SDB),
which were firstly developed as an important basis for the H12 performance assessment
(JNC, 1999; Shibutani et al., 1999). JAEA has been and is continuing to improve and
update the SDB/DDB in view of potential future data needs, focusing on;

1) updating of sorption data (Suyama and Sasamoto, 2004; Saito et al., 2007)

2) assuring the desired quality level (Ochs et al., 2007; Saito et al., 2008; Ochs et al.,
2010)

3) testing and applicating of the databases to parameter-setting (Ochs et al., 2008).

To extract the respective Kq data for PA-related Ka setting using JAEA-SDB, which
contains more than 24,000 Ka data as well as the corresponding experimental
conditions, the quality assuring (QA) and classifying guideline/criteria has been
developed (Ochs et al., 2007). Based on the guideline, the reliability of Kavalues of key
radionuclides for bentonite (Ochs et al., 2007), mudstone (Saito et al., 2008), and granite,
Fe-oxide/hydroxide, Al-oxide/hydroxide (Ochs et al., 2009) has been already evaluated.

The web-based sorption and diffusion database system (JAEA-SDB/DDB) has been
developed to utilize quality assuring procedure and to allow effective application for

parameter setting (Tachi et al., 2010; http://migrationdb.jaea.go.jp).

In this report, the selected Ka data in the JAEA-SDB for key radioniclides (Th, Np, Am,
Se, Cs) on tuff existing widely in Japanese geological environments was classified based
on the QA guideline (chapter 2; Ochs et al., 2007). Evaluated results of selected entries
for tuff in the JAEA-SDB are presented for three categorized criteria in chapter 3;
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Criteria I - Completeness of documentation and type of Ka information
Criteria II - Quality of reported data
Criteria ITI- Consistency of data
The details of the evaluation and classification for the selected entries of the SDB are

listed in the appendix.

2. Reliability of JAEA-SDB: Classification Guideline

2.1 Introduction, description of main criteria
The reliability of Ka values in the JAEA-SDB can be assessed using the following three
main criteria. The three main criteria are listed in the expected sequence of application
during a classification of entries in the JAEA-SDB. Criteria I-a and I-b are related to
documentation and data entry, whereas the technical and scientific quality of an entry
is addressed by criteria II and III.

Criteria I — Completeness of documentation and type of Ka information:

a) It needs to be verified that the documentation of each entry is detailed enough
to allow further examination according to the main criteria II-II1. At this point,
only the completeness of the documentation is examined; the appropriateness
of the reported data and approaches is evaluated under criteria II below.

b) This point takes also into account that the reliability of data input to the
JAEA-SDB will be substantially high if Kq values are directly available in table
format in comparison to literature that reports e.g. %-adsorbed values in a
graph. The latter way of reporting requires the operator to i) manually read
values off a graph and ii) to calculate Ka from the %-adsorbed and Solid/water
ratio (s/w) values given, which significantly increases the likelihood of an
operator error during data input.

Criteria II — Quality of reported data

This is the most important issue from a technical and scientific point of view. This

criteria encompasses an evaluation of the appropriateness of the experimental

system to produce reliable Ka data. The methods used (or lacking) for determining

experimental uncertainty are also examined for each literature source. Further, it

1s considered whether the data represent single-point measurements or are part

of e.g. an isotherm, which would provide additional support for their reliability.
Criteria III — Consistency of data:

While the previous two main criteria address the reliability of each K4 entry in the

JAEA-SDB, criteria No. III requires an examination of the level of support that



JAEA-Data/Code 2010-026

other Kq values in similar systems can lend to the entry under consideration. Any
disagreement with data from related systems will have to be evaluated as well. It
could be argued that this kind of data examination may be left to the user of the
JAEA-SDB. However, the classification of data entries in the JAEA-SDB in terms
of reliability adds an aspect of quality that is above that for a pure compilation,
and users may expect that the listed Ka values passed some kind of check for
internal consistency.

Internal consistency means that data from different sources should not be in
obvious disagreement. An example would be the dependency on pH of Kq values
for a certain radionuclide, which should be approximately similar in all studies.
Similarly, if many studies indicate e.g. stronger sorption of U(IV) than of Th(IV),
for any study that indicates the opposite an appropriate explanation should be
given. If no good reason can be found, such deviations make a study less reliable.
These types of considerations will only be possible for sufficiently well researched

elements.

2.2 Description of checkpoints within each main criteria

2.2.1 General

Each entry in the JAEA-SDB (each Ka value identified in the JAEA-SDB by a unique
ID) should be evaluated and classified individually. Because many studies report Ka
values under different experimental conditions, it is not sufficient to evaluate all data
based on a given reference globally. Depending on conditions, different entries related to

a given study may receive a different rating.

2.2.2 Criteria I: Completeness of documentation and type of Kq information
The checkpoints under I-a are used for a screening prior to a further classification.
Failure to satisfy these checkpoints will not be used (unreliable).

I-a.1 Are all mandatory fields completed? Here it is only verified that all fields
have been completed by the operator; an entry "not reported" is counted,
therefore. The following entries are considered mandatory:

- element

- solid phase

- solution composition

- atmosphere

- pH (or other information that allows to derive pH, e.g. portlandite

equilibrium)
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- pe/redox condition (only in case of redox-sensitive systems)

- method of pe control (only in case of redox sensitive systems and imposed
reducing conditions)

- initial radionuclide (RN) concentration (except for RN that are not
solubility controlled)

- method for phase separation

- type of experiment, if different from batch

> In case of missing entries, the corresponding Ka is excluded from

further evaluation and classified as unreliable (until remedied by

operator). If all fields are completed, proceed to I-a.2.

Is all mandatory information provided? Here it is evaluated whether critical

information is provided or lacking completely. The quality of the information

provided is evaluated under criteria II. In addition to the information listed

under I-a.1, further mandatory information includes:

- units

> In case of missing mandatory information, the corresponding Ka is
excluded from further evaluation and classified as unreliable. If all

fields are completed, proceed to I-b.

Does the type of Ka information provided require manipulation by the
operator?
- The following levels are distinguished:
class 1: table with Kq values given
class 2: table with % sorbed given

table with residual concentration given
class 3: linear graph Kaq
class 4: linear graph % sorbed

linear graph residual concentration
class 5: logarithmic graph Ka
class 6: logarithmic graph % sorbed

logarithmic graph residual concentration
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2.2.3 Criteria II: Technical and scientific quality of reported data

It is generally assumed that the entries presently contained in the JAEA-SDB

correspond to a minimum quality standard; i.e. are assumed to be basically reliable. The

different checkpoints regarding experimental quality are designed to distinguish

different levels of reliability. However, if in case of critical checkpoints even the

requirements leading to the lowest rating are not met, the respective entry should be

classified as unreliable (indicated for each checkpoint).

IT-a Solid phase (substrate)

It is evaluated whether the solid phase has been sufficiently characterized.

This is equally important for properly designing experiments, as well as for

using the measured Ka values. In general, three types of key information are

required:

+ Information about major mineral composition.
+ Information about accessory minerals or impurities.

+ Information about surface characteristics: Minimum is a measure of
sorption capacity per mass of sorbent, such as CEC or a different

measure of site density per mass.

However, the amount of information required to sufficiently characterize a

given solid phase also depends on the complexity of the substrate:

1.

It needs to be known whether a substrate consists of a single pure mineral
phase, or whether it contains impurities or additional minerals. In general,
some measure of site density per mass (e.g. CEC) needs to be known to
properly design experiments, in particular with respect to achieving

reasonable surface loading.

. In case of simple substrates (pure minerals), no further information is

necessary.

. In case of complex substrates (i.e., where significant impurities are present,

or where a substrate is composed of several minerals), and in particular in
case of natural samples, detailed information on composition has to be

provided in addition.

. In cases where sample treatment (such as crushing or sieving) had been

performed, the respective information on particle size also needs to be
provided (see II-f). Where any chemical treatments (e.g. acid washing to
remove calcite; but also change of redox conditions in case of
redox-sensitive substrates, see II-c) had been applied, the applied method

and resulting mineralogy should be given as well.

.5.
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5. In case of many commercially available substrates (e.g., MX-80 or
Kunigel-V1 bentonite; standard clay minerals from the Clay Minerals
Society, such as SWy-1; Min-U-Sil SiOz, etc.) detailed solid phase
information is widely known and can be retrieved from a large number of
publications. Therefore, characterization of such solids is not required for
each entry in the JAEA-SDB; i.e., level A or B can be reached even if such
information is not reported. Note that this holds only when such solids
have been used as received. Where washing procedures etc. have been
applied, the procedures and resulting changes still need to be documented.

> Three levels of reliability:

A) Major and minor mineralogy as well as surface characteristics are

known.

For example: The substrate is a single, well-defined mineral; or
comprehensively characterized complex mineral assemblage. Either
no sample treatment has been carried out, or it is described in detail
and the result are documented.

B) Major mineralogy as well as surface characteristics are known.

For example: The substrate is a single mineral that may contain
impurities (such as a non-purified clay mineral) or a complex mineral
assemblage where additional impurities could be present. Sample
treatment may have led to minor changes in mineralogy.

C/D) Information on both major mineralogy or surface characteristics is

lacking.

For example: There is no information on CEC (or another measure of
sorption capacity); or the substrate is a natural clay sample where it is
not clear whether it 1is smectite, kaolinite, or 1illite; or a
non-characterized soil or crushed rock. Sample treatment may have

led to major changes in mineralogy that are not documented.

II-b Adjustment and control of pH
One of the most important solution parameters controlling radionuclide(RN)
sorption is pH. It needs to be known to interpret Kq values, but also for proper
experimentation: The pH needs to be known to evaluate the solubility limits
of radionuclides and some major ions, as well as the stability of certain
mineral phases (in particular carbonates). Further, pH has to be

approximately constant during a sorption experiment in order to reach
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equilibrium of sorption reactions. There are two basically different

approaches in sorption experiments with regard to pH control:

1. The pH is not controlled, but allowed to reach an equilibrium value

according to the experimental conditions and is then measured at the end
of the experiment. In this case, it is important that the pH has been

verified after experimentation, in order to know its equilibrium value.

2. The pH is controlled during the experiment by acid-base addition and/or

A

B)

C)

buffers. Where it is desired to determine Kq values as a function of pH,
this cannot be avoided. In this case, it needs to be shown (or known from
the literature) that the added acids, bases, or buffers do not interfere with
RN reactions at the surface (which obviously influence sorption) or with
RN reactions in solution (which influence sorption through changing the
RN speciation). Therefore, use of a non-inert pH buffer at unspecified
concentration levels leads to a classification as unreliable.
Four levels of reliability:
To achieve rating A it is sufficient, but required, that the pH is verified
at the end of the experiment. This is based on the assumption that
equilibrium or at least a stable state of near-equilibrium conditions
has been achieved (see also II-a, II-d, and II-j). In such systems, a
determination of the experimental end pH will represent an adequate
measure of the actual equilibrium pH. Second, rating A is given where
the successful use of inert buffers has been demonstrated (e.g. by
measuring Ka in the presence and absence of buffers at some pH, or by
showing through speciation calculations that the buffer does not
influence RN behavior). In some cases, level A may also apply if a
non-inert buffer is part of the experimental setup (see the example of
Ka determination as a function of carbonate concentration under point
0.
The final pH is reported, but only a pH range (within 1 pH unit) is
given instead of a discrete pH value (the same assumptions regarding
equilibrium can be made as for level A above). Rating B also applies in
cases where only the initial pH is provided, but the experimental
system is well buffered (for example, because a inert buffer is used, or
because of the presence of a natural buffer system, such as carbonate).
Only the initial pH is provided, no attempt is made to control final pH.
All cases where non-inert pH-buffers are being added. Note that this
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refers to the addition of an additional complexing ligand, such as
acetate, for the control of pH. On the other hand, if a sorption
experiment is carried out where Ka is measured as a function of
carbonate concentration and this is simultaneously used to control pH,
level A applies (given that the effect of carbonate on Ka is
documented).

D) Only a range (within 1 pH unit) of initial pH is provided, no
information on final pH is given.

> If a lower quality than required for level D is evident, the respective
entry is excluded from further evaluation as unreliable. If a non-inert
buffer (e.g. acetate or carbonate) is used at unspecified concentration
levels, the respective entry is excluded from further evaluation as

unreliable.

Redox conditions

Here it needs to be differentiated between systems that are not
redox-sensitive and systems that are. Within the redox-sensitive systems, it
needs to be further taken into account whether only the sorbing RN is
redox-sensitive or whether other components of the system (such as solid
phase or groundwater components) are redox-sensitive as well.

In this sense, checkpoint II-c deals with the redox control of the sorbing RN,
not with redox control of an overall redox-sensitive system. If the
experimental system comprises a range of redox-sensitive dissolved (e.g.
organics) and solid (e.g. Fe- and Mn-phases) components, imposing redox
conditions different from the original level may influence many
redox-equilibria simultaneously. In such a case it can be very difficult to
ascertain equilibrium or to know which solid phases are present. Such effects
on solution and solid phase chemistry are addressed by checkpoints II-a and
II-d. It also needs to be pointed out in this context that "imposed redox
condition" does not necessarily refer only to imposing reducing conditions by
adding a reducing agent, it also includes imposing oxidizing conditions by e.g.
transferring a reduced natural sediment to the laboratory and exposing it to
02 (as a matter of fact, the latter may be the more common problem).

Given the focus of this checkpoint on redox control of sorbing radionuclides
explained above, two different requirements on data quality can be

distinguished. Levels of reliability reflect the degree to which these two
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requirements are met:

1. Reliability regarding control and confirmation of the redox status of the
sorbing RN.

2. Reliability regarding the absence of unwanted side effects, such as changes

in RN speciation induced by the addition of a reducing agent.

N
A/B)

C/D)

Two levels of reliability:

Level A/B applies to entries in the JAEA-SDB where it is
demonstrated that both of the above requirements are met: This
includes the following cases:

- Systems which are not redox-sensitive in terms of sorption and where
no reducing agents needed to be added (i.e., where the sorbing RN
can take on only one oxidation state in aqueous solutions).

+ Redox-sensitive systems that have been pre-equilibrated with and
are being kept at ambient conditions.

Experiments where reducing conditions are imposed on
redox-sensitive RN (in otherwise stable systems) and where similar
results are obtained using several reducing agents.

Level C/D applies to entries in the JAEA-SDB where meeting the
above requirements may not have been demonstrated, but can be
assumed with high certainty. This includes the following cases:

+ Reducing conditions imposed on redox-sensitive RN (in otherwise
stable systems) using one reducing agent that can be estimated (e.g.
from experience or from the literature) to be effective and to be
sufficiently inert with respect to influencing RN behavior.

+ In cases where complexing reducing agents have been used, level C/D
still can be achieved if the influence of the reducing agent on RN
speciation has been estimated.

+ All cases where redox conditions may be less well defined than for
level A/B, but where it can be assumed that no significant artifacts
regarding RN behavior are introduced and where the oxidation state
of RN has been measured independently (in some cases, this may
include low-O:z conditions with a subsequent confirmation of RN
oxidation state). Evaluating the reliability of such measurements is
likely to require an expert decision by the operator.

If a lower quality than required for level C/D is evident, the respective

entry is excluded from further evaluation as unreliable. For example,

cases where it has been attempted to achieve reducing conditions only

by minimizing the level of Oz (e.g., by performing experiments in a N2
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atmosphere) generally should be labeled "unreliable" (except where
the oxidation state of a RN somehow has been confirmed, see
description of level C/D). Also, if a strongly complexing reducing agent
(such as many organic acids) is used at unspecified concentration
levels, the respective entry is excluded from further evaluation as

unreliable.

II-d Final solution composition

II-e

Note that solution composition includes dissolved carbonate concentration,

which may be controlled through, or expressed as pCOz. Added pH-buffers or

reducing agents are also included, and are addressed in checkpoints II-b and

II-c.
9
A/B)

C/D)

Two levels of reliability:

The final solution composition is known (either from direct
measurements or from the initial experimental setup and speciation
calculations) and corresponds to equilibrium or is otherwise well
constrained. All major components are included in the analysis.
Relevant minor components (e.g. traces of carbonate or of other
complexing ligands) may only be estimated. Some minor components
may be unknown. In case of natural water samples, solutions are (or
can be) shown to be charge balanced (within 5 %). The information on
final solution composition can be obtained from i) analyses of the
actual sorption samples or from ii) using pre-equilibrated solutions
that had been analyzed prior to the actual sorption experiments.

The critical major solution components are known, or can be
estimated approximately. There may be unknown minor components
and/or less critical major components. In case of natural water
samples, solutions are approximately charge balanced (within 10 %).
If a lower quality than required for level C/D is evident, the respective

entry is excluded from further evaluation as unreliable.

Temperature

Here, it is evaluated whether temperature is specified and kept constant.

N
A/B)

Two levels of reliability:
Temperature is approximately specified (e.g. room temperature) and

constant, or varied in a controlled fashion.

-10-
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C/D) Temperature is not specified at all (i.e., it is not clear whether the

experiments had been performed at room temperature or not).

Liquid/Solid ratio (L/S) and grain size
It is evaluated whether enough solid had been added to avoid a significant
influence by the vessel walls (see II-m), and to ensure sample reproducibility
and representativeness in case of complex substrates, especially in case of
large grain sizes: It is estimated that in cases where less than ca. 100 mg of
solid (this value depends on grain size) has been added to each experimental
vessel, sample reproducibility and representativeness becomes difficult to
achieve in case of complex or crushed samples.
> Two levels of reliability:
A/B)  Enough solid had been added to each vessel to assume that
a) [surface area sorbent] » [surface area vessell, i.e. that at least 5
m?2 of sorbent surface had been added to each vessel, and to
assume that
b) samples are reproducible and representative.
What is enough substrate clearly depends on specific surface area
and homogeneity. Fulfilling the above two requirements is typically
not a problem in case of relatively homogeneous sorbents with a
high specific surface are (such as clay minerals or bentonite), where
"enough" may mean at least ca. 100 mg. On the other hand,
"enough" may mean at least one to several grams in case of rocks
(depending on specific surface area, grain size and complexity of
the sample).
C/D) Any other than the above.

Sorption value

It is evaluated whether an appropriate experimental design had been
employed to avoid sorption values near 0% or 100%, which can lead to higher
experimental uncertainty. This problem can be addressed by choosing an
appropriate L/S ratio (see II-f) or/and an appropriate initial concentration of
RN ([RN]) (see II-h). However, the choice of [RN] is more restricted by
solubility and analytical detection limits.

A) The sorption value is in the range of 5% - 95% sorbed.

B) The sorption value is inside the range of 2% - 98% sorbed.

.11.
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C/D) Any other than the above.

Initial RN concentration ([RN])

This parameter is used to evaluate the likelihood of a possible

supersaturation of RN-phases:

> Three levels of reliability:

A) RN is not solubility limited, or initial [RN] was clearly (at least a
factor of 5) below the solubility limit. Note that factor 5 does not take
into account uncertainties in RN solubility; i.e., if the solubility of a
given RN cannot be estimated with more certainty than e.g. 10-6 to
10-8 M, then initial [RN] has to be < 2X10-2 M for rating A to apply.

B) Initial [RN] was clearly below the solubility limit, but maybe less than
a factor of 5 (see above).

C/D) [RN] was very small, and in all likelihood below their maximum
solubility, but the solubility limit cannot be established clearly due to
missing information (solution composition) or lacking thermodynamic
data.

> Note that the solubility limit can be defined on either thermodynamic
calculations or on experimental data obtained under the relevant
conditions.

> If initial RN concentration had been clearly above the respective
solubility limit, the respective entry is excluded from further

evaluation as unreliable.

Phase separation

Here, the appropriateness of phase separation is evaluated: Note that in

cases where colloids or other artifacts are important, different phase

separation methods will not lead to the same results. Identical or very similar

results with different efficient methods are probably the best direct proof of

absence of important colloid effects; hence such studies are rated A. Rating B

would be given for methods that can be presumed to remove colloids, but

where no direct proof as in A is given.

> Three levels of reliability:

A) Identical (very similar) results are obtained with different methods of
phase separation, where at least one method needs to be efficient in

terms of colloids removal (ultrafiltration or high-speed centrifugation).

-12-
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Accordingly, the best comparison would be between two efficient
methods, such as ultrafiltration and high-speed centrifugation.

Note that such a comparison of phase separation methods is not
required for each individual Kq value: For example: If the absence of
artifacts has been demonstrated for some representative samples of a
study by comparing an efficient and a standard method of phase
separation, the rating A may be given to all datapoints of this study,
even if they correspond to the standard method only.

Only one, but efficient method (high-speed centrifugation,
ultrafiltration) is used, and there is no evidence for artifacts such as
colloid effects or significant sorption to the filter.

Only one general method (normal centrifugation, membrane filtration
with nominal pore sizes of 0.01~0.45 pum) is used, and there is no
evidence for artifacts such as colloid effects or significant sorption to
the filter.

If no phase separation is used, or in case of obvious evidence for
artifacts (colloid effect, adsorption on filter) the respective entry is

excluded from further evaluation as unreliable.

Reaction time

N
A/B)

C/D)

Two levels of reliability:

Identical (similar) results are obtained with different reaction times,
or some other demonstration of near-equilibrium is provided (e.g.
separate kinetic experiments).

Only one, but reasonably long reaction time is used. What is
“reasonably long” is highly dependent on the experimental system: In
general, the time needed to reach equilibrium will increase with the
complexity of the sorbing substrate and the strength of sorption.
Sorption of Sr onto a pure clay mineral through ion exchange can be
assumed to be complete within a day; sorption of a trivalent actinide
onto a complex substrate may need several days to weeks for
completion. In the absence of kinetic information, operator expert
decisions will be required to assess this point. If possible, reaction
times reported for similar systems included in the JAEA-SDB could be
used to evaluate what is reasonably long. Further, even for the most

simple systems a reaction time of 1 day is considered as minimum
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requirement.
If the requirement for level C/D is not met (.e., if the reaction time
cannot be assumed to be reasonably long), the respective entry is

excluded from further evaluation as unreliable.

II-k Agitation method

II-1

> Two levels of reliability:

A/B) Appropriate agitation is required in all cases, except where enough
kinetic information is provided to show that equilibrium has been
reached. Shaking is the preferred method, as use of stir bars can lead
to abrasion of samples. In case of simple and well crystallized
substrates (such as Al-oxide) or of substrates with very small grain
size that are easily suspended, stir bars can also be accepted.

C/D) Any other than the above.

RN loading

Ideal are values as a function of RN loading (i.e., Ka values that form part of

an isotherm), otherwise low loading is preferred. RN loading (e.g. in moles
RN/kg substrate) refers to the amount of RN adsorbed in relation to the

amount of different surface sites available. It is known from classical

isotherms (e.g. Langmuir) that a linear sorption can only be assumed if

sufficient unoccupied sites are present. In case of simple substrates (including

some bentonites), the linear portion of an isotherm extends to fairly high RN

loading. There are other cases where Ka depends significantly on RN loading

over many orders of RN concentration.

N
A)

B)

C/D)

Three levels of reliability:

At least one isotherm has been determined (for a constant solution
composition and L/S), and at least some experiments have been
carried out using trace level RN concentration (i.e., at least some data
are included within a linear sorption region).

No isotherm is available, but at least a limited variation of initial [RN]
or L/S has been carried out, and some experiments have been carried
out using trace level RN concentration (i.e., some data are included
within a linear sorption region).

No variation as in A or B has been carried out.

-14-



JAEA-Data/Code 2010-026

II-m Reaction vessels

High-density polyethylene (HDPE) or Teflon are preferred over normal PE,
which is preferred over glass, which may lead to sorption of radionuclides by
the vessel walls. Especially at high or very low pH, glass dissolution and
release of dissolved or colloidal silica may also occur. On the other hand, glass
is more gas-tight (especially than PE); if that is of experimental relevance.
Corrections for sorption on vessel walls should not be necessary if blank tests
show that it can be neglected.
Correction for sorption on vessel walls may be needed to estimate Ka values
correctly in some cases, but only in cases where a) sorption on the vessel is
much stronger than on the solid sorbent, or b) if the vessel offers a significant
surface area in comparison to the sorbent (see II-f). If that is not the case, the
sorption on the added solid will be much greater than on the vessel in a
system where both solid and vessel are present. It is further an erroneous
assumption that sorption on the vessel will be same in i) the absence of the
solid (no competition for RN by solid) as ii) in the presence of the solid (strong
competition for RN by solid). The sorption on the walls is typically much
smaller in ii) than in i). Therefore, the overall mistake is often bigger if
sorption on the vessel wall is accounted for than if it is neglected.

If effects of vessel walls are corrected for, it has to be done by extracting any

RN sorbed to vessel walls after experimentation (e.g. by acid washing) and

establishing a complete mass balance.

> Three levels of reliability:

A) An appropriate vessel has been used (taking into account sorption as
well as tightness with respect to CO2 or O2, where required), and
corrections for sorption on vessel wall have been performed or no
sorption on vessel wall has been observed by blank tests. If effects of
vessel walls are corrected for, it has to be done by extracting any RN
sorbed to vessel walls after experimentation (e.g. by acid washing) and
establishing a complete mass balance. If the sorption on vessel wall
has been determined as significantly lower (at least two orders of
magnitude in terms of Ka) than the actual Ka value and thus
corrections for sorption on vessel wall have not been performed, such a
case would also correspond to level A

B) An appropriate vessel has been used, and corrections for sorption on

vessel walls have not been performed.
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C/D) The vessel used may have been not appropriate (this is often the case
with glass, see above), or corrections for sorption on vessel wall have
been performed based on a blank test only (i.e., without verifying that
sorption on vessel walls is relevant in the presence of a solid added,

thus possibly leading to overcorrection).

II'n  Uncertainty estimates

ITI-0

In general, uncertainties based on repeated experiments (.e., actual

observations of Ka) are preferred over uncertainties based on error

propagation, as the latter is an estimate based on a type of extrapolation.

Thus, the difference between levels of reliability is mainly based on the

amount of actual information gained by repetitions: For level A, the entire

experiment is repeated; for level B, only sampling and analysis are repeated;
for C, no repetitions are carried out.

Values that are based on repetitive experiments are preferred over single

experimental data points. Note, however, that this checkpoint refers to

single-point Ka values and may be overruled by data being part of e.g.

pH-edge, isotherm, kinetic experiment, etc., which may provide independent

evidence of good reproducibility or systematic errors (see checkpoint II-0).

> Four levels of reliability:

A) Uncertainties in Kq are derived based on entire, replicated sorption
experiments (i.e., at least duplicate experiments).

B) Uncertainties in Kq are derived based on single sorption experiments
that are sampled and analyzed repeatedly. This may be supplemented
by error propagation.

(9)) Uncertainties in Kq are based on error propagation of estimated
analytical and/or procedural uncertainties.

D) No error estimate is given, no repeated sampling is done.

Parameter variation

Studies with a systematic variation of key parameters are much more
valuable and reliable than single Kia measurements. In this context, key
parameters are those that influence sorption (for example, chemical
parameters such as RN concentration, pH, pCOz2, but also temperature, L/S,
or grain size in case of crushed substrates), but not parameters that only help

to determine the experimental framework (such as vessel type or reaction
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time). In particular, variation of key parameters allows improved detection of

experimental problems and systematic errors. Especially the latter are not

detected by repeating experiments under identical conditions. In the

application of this checkpoint, care has to be taken to take into account the

characteristics of the particular system studied. For example, more

parameter variation may be required to show clear trends in a complicated

system in comparison to a simpler one. On the other hand, the pH and

carbonate concentration in experiments with calcite are quite constrained by

the solid itself, and only limited variations are possible.

N
A)

B)

0
D)

Four levels of reliability:

Both RN surface loading (isotherm) as well as a chemical parameter,
such as pH or pCO:2 (edge), or e.g. [Nal in case of ion exchange, are
varied systematically.

Either RN concentration (isotherm) and/or chemical parameters, such
as pH or pCO2 (edge), or e.g. [Na] in case of ion exchange (i.e., at least
two parameters in total), are varied. These variations are less
systematic than in A, but still allow to observe trends.

As B, but only one parameter in total is varied.

No parameter variation is done.

2.2.4 Criteria III: Consistency of data

Here it will be evaluated whether data from a particular study can be supported by

other studies. Comparisons should only be made with studies that are at least as (or

more) reliable than the study under investigation, based on criteria I and II. In many

cases, only approximate consistencies or inconsistencies may be apparent, because of

different conditions used in the different studies.

9

Therefore, the evaluation of criteria IIT will only be reported in the form of
a comment. Any such comments will be included both in a classification
report as well as in the corresponding rating summary sheets.

If the Ka values under investigation are clearly inconsistent with the
majority of related reliable studies, and if the reason for this observation
cannot be explained, they may also be labeled unreliable based on criteria
ITI. As this requires an expert decision by the operator, the underlying

reasoning needs to be clearly documented.
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2.3 Overall classification
The above criteria are applied to an overall classification system as follows:

+ The three criteria I-III are evaluated separately, the respective results are reported

separately as well.

» Criteria I: The checkpoints under I-a are used in a yes/no screening fashion, entries

not fulfilling I-a are labeled as unreliable and are not evaluated further.

+ Criteria I-b is then used to assign classes 1-6 for documentation.

- Criteria II: a) The datasets that pass Criteria I are again classified according to a
6-level system, where classes 1-6 represent the highest and lowest
levels of reliability. To ensure a minimum quality level, certain
checkpoints are regarded as critical (marked with * in Table 2.3.1).
If the quality of the data does not correspond to the respective
minimum requirements, the entries are not to be used and are
classified as unreliable.

b) To facilitate transparent averaging of all checkpoints, the following
numerical system is suggested: A=3, B=2, C=1, D=0 (A/B=3 and
C/D=0 in some cases).

c) Initially, checkpoints II-b, II-c, II-d, and II-h are evaluated (indicated
in bold letters below). If an entry is rated unreliable for any of these
checkpoints, it is excluded from further evaluation.

d) Weighting of individual checkpoints at this level is done according to
the factors given in Table 2.3.1 below.

e) The total sum of points obtained for Criteria II is then used to
indicate the level of reliability. With the present system, the
maximum number of points would be 183, leading to an overall

classification as follows (Table 2.3.2):
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Table 2.3.1 Weighting of individual checkpoints under Criteria II.

checkpoint description weighting factor
II-a solid phase (substrate) A-C/D x 2
*1I-b pH A-Dx8
*I-c redox conditions A/B-C/D x 8
*1I-d final solution composition A/B-C/D x 8
II-e temperature A/B-C/D x 1
II-f L/S, grain size A/B-C/D x 2
II-g sorption value A-C/D x 2
*1I-h initial RN concentration A-/CD x 8
*1I-1 phase separation A-C/D x 8
*11-j reaction time A/B-C/D x 2
II-k agitation A/B-C/D x 1
1I-1 RN loading A-C/D x 2
II-m reaction vessel A-C/Dx 1
II'n uncertainty estimates A-Dx2
IT-o0 parameter variation A-Dx8

* indicates critical checkpoints with minimum requirements;

bold letters indicate the checkpoints to be evaluated initially

Table 2.3.2 Overall classes of reliability for Criteria II

points rating
183-151 class 1
150-121 class 2
120-91 class 3
90-61 class 4
60-31 class 5
30-0 class 6

+ Criteria III: Criteria III is used to qualitatively assess consistency with other studies.
In case of clear inconsistencies, an entry may be labeled as unreliable.
+ Overall, the following classification system is used, with Criteria II as the main basis

for assessing the reliability of entries in the JAEA-SDB.

Table 2.3.3 The classification system

Criteria classification

I-a accept/reject

I-b 6 classes of Kd information

II 6 classes of data quality and reliability

111 qualitative level of consistency with other studies
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3. Classification of selected entries for tuff in the JAEA-SDB

This section presents the classification results for selected entries in the JAEA-SDB
covering the datasets for the sorption of Th, Np, Am, Se and Cs on tuff.

+ An overview of the results as well as the corresponding numerical rating is given in
the Appendix.

+ For transparency and ease of presentation, all results of Criteria I and II are
presented in tabular form, using the format of the following table throughout. The
results pertaining to Criteria III are discussed subsequently and are illustrated in
the form of plots of Ka vs. a relevant master variable (typically pH), where
applicable.

+ According to the established classification guideline, criteria I and checkpoints II-b,
II-¢, II-d, II-h were evaluated first. Classification and final numerical rating were
only completed when an entry was evaluated as reliable based on these checkpoints.
Otherwise, entries were labeled "unreliable" and were excluded from further

evaluation. For most reliable entries, criteria III was evaluated as well.
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3.1 Criterial and II

Data table Element/#: REF: original reference
JAEA-SDB version # — DATA: element/solid sorbent, datapoint #

GUIDELINE: Revision # (date)

Checkpoint 1| Evaluation Rating
"SDB"/"REF"

I-a.l Are all mandatory fields completed? Yes/No
I-a.2 Is all mandatory information provided? Yes/No
I-b Type of Ka information class 1-6
II-a Solid phase (substrate) A-C/D
II-b Adjustment and control of pH A-D

II-c Redox conditions. A/B-C/D
II-d Final solution composition A/B-C/D
II-e Temperature A/B-C/D
II-f Solid/water ratio (I/S) and grain size A/B-C/D
II-g Sorption value A-C/D
II-h Initial RN concentration [RN] A-C/D
II-1 Phase separation A-C/D
115 Reaction time A/B-C/D
II-k Agitation method A/B-C/D
11-1 RN loading A-C/D
II-m Reaction vessels A-C/D
II-n Uncertainty estimates A-D

II-o Parameter variation A-D

1

Application of the checkpoint to the information given in the JAEA-SDB is indicated

with "SDB".

"REF" indicates the additional application to the original reference indicated in each

table.
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3.1.1 Americium

Data table Am/1: REF: Barney (1982)
JAEA-SDB version 3.1 DATA: Am/Tuff, #44934~44953

GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | Atable with Kd values is provided. class 1
II-a  SDB | Tuff as solid phase is indicated. SSA and CEC are given.
REF | The minerals present are reported. Further composition is not B
reported.
II-b  SDB | Initial and end pH are indicated. A
II-c SDB | Indicated redox state corresponds to the information in the
reference. Redox state of Am is not given in the reference. A/B
REF | Systems were pre-equilibrated. Am in the oxidation state (III) is
reported. Am is not redox sensitive.
II-d REF | Experiments had been performed in synthetic groundwater. Final
. NN .1 C/D
solution composition is not indicated.
II-e  SDB | It is indicated that experiments had been performed at 23°C. A/B
II-f SDB | The amount of solution/solid ratio is reported. A/B
REF | It is indicated that surface area of tuff is 1883 [m?/g].
II-g  SDB | The sorption values are calculated from Kq and L/S ratios:
« #44934~44940 A
< #44941~44951 B
- #44952, #44953 C/D
II-h  SDB | Initial Am concentrations from 5.75X 10710 to 1.83X 10712 M are
indicated. Based on data from Rai et al. (1999), the initial Am B
concentration is clearly below the solution limit, but maybe less
than a factor of 5.
II-i SDB | As separation method filtration is indicated. B
REF | Filtration through 30 Angstrom Amicon 50A ultrafilter is reported.
115 SDB | A contact time of 14 days is indicated. C/D
II'k  REF | Continuous shaking (180 oscillations/min), method is not specified. A/B
11-1 REF | Isotherms were determined at different temperatures. A
II'm REF | Polycarbonate centrifuge tube of 50[mL], sorption on vessel walls B
is not considered.
II'n REF | There is no error information reported. D
II-o REF | Variation of solution composition (Na etc. variations). C
Data table Am/2: REF: Baston et al. (1995b)
JAEA-SDB version 3.1 DATA: Am/Tuff, #46684~46691
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Oxidation state of Am and the contact time are not reported. Yes
REF | It is reported that experiments were carried out in triplicate. One
tube was analyzed regularly to monitor the approach to a steady
state concentration of radionuclide.
I-b SDB | A table with Kq values is given. class 1
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As solid phase tuff is indicated. It is noted that plagioclase and
calcite are the major components of the tuff. Surface
characteristics are not reported.

It 1s reported that only plagioclase is the major component of tuff.

C/D

IT-b

SDB

Initial and final pH values are indicated.

II-c

SDB

REF

It is indicated that experiments had been conducted under
nitrogen atmosphere and initial Eh values of 340[mV] are
reported.

Am(+III) was used for experiments and Am is not redox sensitive.

A/B

I1-d

SDB

The solution composition of the synthetic groundwater and the
concrete equilibrated synthetic groundwater is indicated.

A/B

II-e

SDB

The reaction temperature is not reported.

C/D

I1-f

SDB

A L/S of 50[mL/g] is indicated. Although any information about the
specific surface area is lacking, 1[g] of solid per reaction vial is
assumed to be enough for tuff samples.

A/B

II-g

SDB

The sorption values are calculated from Kq and L/S ratios:
- # 46686 (95% sorption)
- # 46684 (96% sorption)
- # 46685, # 46687~46691 (99~100% sorption)

w >

C/D

IT-h

SDB

Initial Am concentrations of 4.0x10 11 to 8.0x10 11 M are
indicated. Based on speciation calculations with Phreeqci 2.14.3
using the thermodynamic data of Hummel et al. (2002) the initial
Am concentration is clearly below (factor >5) the solubility limit at
pH 12.4 and 7.8 for the reported solutions, respectively.

II-i

SDB

Centrifugation at 1,500[g] for 30 minutes combined with two
different filtration proceedures was applied (0.45 pm and 30,000
MWCO). The more effective the separation procedure, the higher
were the Kq values for the experiments with synthetic
groundwater. These results indicate colloid formation which was
not filtered off by 0.45 um filtration.

- # 46684, #46686

-+ # 46685, #46687~46691

unreliable
A

I

SDB
REF

There is no reaction time reported.

It is reported that separate kinetic measurements had been
performed to monitor the approach to steady state concentration of
radionuclide, what inidcates that reaction time was reasonably
long. Datapoints with a timescale however are not reported.

C/D

IT-k

REF

The reaction vials were continuously and gently agitated.

A/B

II-1

SDB

No variation in L/S or Am concentration had been performed.

C/D

II'm

SDB

Experiments were carried out in polypropylene centrifuge tubes.
Sorption to the vessel walls was <0.5% in presence of solid phase.

II'n

SDB

Error estimates are indicated and are based on duplicate
measurements.

IT-0

SDB

No parameter variation had been done.
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Data table Am/3: REF: Baston et al. (1998)
JAEA-SDB version 3.1 DATA: Am/Tuff, #65952~65957
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b SDB | A table with Ka values is provided. class 1
II-a  SDB | As solid phase tuff is indicated. SSA is given. C/D
II-b  SDB | The final pH is indicated. A

II-c SDB | Am in the oxidation state (III) is reported. Experiments were
conducted under strongly reducing conditions (Na-dithionite). Am A/B
is not redox sensitive.

II-d SDB | Experiments had been performed in de-ionized water which was

equilibrated 4 weeks with the solid. Final solution composition is A/B
indicated.
II-e  SDB | It is indicated that experiments had been performed at 60°C. A/B
II-f SDB | The amount of L/S is indicated.
REF | It is not known from the reference how much solution and solid C/D

were taken respectively. Only the ratio is known.

II-g SDB | The sorption values are calculated from Kq and L/S ratios.

Sorption values of all data were 0.99~1.00%. C/D

II'h  SDB | An initial Am concentration of 1.00X 10710 M is indicated.
REF | Solutions were filtered to ensure that no precipitates were in B
solution and solubility limit was not reached.

II1 SDB | It is indicated that three different combinations of separation
methods were employed:
1. Centrifugation 1100[g] for 15min.

2. Centrifugation followed by filtration through a 0.45 um filter. B
3. Centrifugation followed by filtration through a 0.45 um filter
followed by filtration through a 10,000 MWCO filter
115 SDB | A contact time of 122 days is indicated. C/D
II-k  REF | As agitation method the use of a shaker/incubator was reported. A/B
II-1 REF | No variations of initial Am concentration were done. C/D
II-m REF | Polypropylene centrifuge tubes, sorption on vessel walls
considered, RN sorbed to vessel walls were extracted by washing A
with HNOs and afterwards measured.
II'n  SDB | Errors are indicated. C
REF | Error information is based on statistics of counting only.
II-o  REF | No parameter variation was done. D
Data table Am/4: REF: REF: Berry et al. (2007)
JAEA-SDB version 3.1 DATA: Am/Tuff, #46912~46917
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for I-a.2.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Oxidation state of Am is not indicated. Yes
REF | It is reported that the major aqueous species measured was
Am(OH)2* with oxidation state +III.
I-b REF | Atable with Kq values is given. class 1
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II-a  SDB | As solid phase tuff is indicated. Mineral composition is reported,
CEC or BET are not indicated. C/D
REF | Surface characteristics are not reported.
II-b SDB | Final pH values are indicated. A
II-c SDB | It is indicated that reducing conditions had been applied with final
Eh values of —390[mV]. Am is not redox sensitive and an
oxidation state (+III) is reported.
REF | Sodium dithionite (Na2S204) as reducing agent was added to the C/D
reaction mixtures. The effect of sodium dithionite on Am is difficult
to estimate since no experiments with another reducing agent had
been done. For this reason rating C/D is applied.
II-d SDB | The solution composition of tuff equilibrated distilled water
(equilibration at 60°C) is indicated. A/B
REF | It is assumed that the same Na2S204 concentration as in the batch
experiments of Uranium was applied (2.5x1073 M).
II-e  SDB | A temperature of 60°C 1is indicated. A/B
II-f SDB | AL/S of 5[mL/g] is indicated. Although any information about the
REF | specific surface area is lacking, 1[g] of solid per reaction vial is A/B
assumed to be enough.
II-g SDB | The sorption values (calculated from Ka and L/S ratios) are all
C/D
>99.8%.
II'h  SDB | An initial Am concentration of 1.0x10 10 M is indicated. Based on
speciation calculations (for 60°C) with Phreeqci 2.12.5 using the
thermodynamic data in the NAGRA-PSI thermodynamic database A
(Hummel et al. 2002) the initial Am concentration is clearly below
(factor >5) the solubility limit at the reported pH of 9.2 (due to the
AmSiO(0OH)32+ and Am(COs)2~ species).
II-i SDB | Centrifugation only and centrifugation combined with two
different filtration proceedures were applied (0.45 pm and 10,000
MWCO). The more effective the separation procedure, the higher unreliable
were the Kq values. These results indicate colloid formation or
sorption to the filter membranes.
Data table Am/5: REF: Daniels et al. (1982)
JAEA-SDB version 3.1 DATA: Am/Tuff, #49383~49402
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided. pH, separation
method, redox potential and a few initial RN concentrations are
missing.
REF | The initial pH of the solutions used for experimentation and the No

actual pH during experimentation are not available. It is not clear
whether the experimental systems had been at or near
equilibrium.
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Data table Am/6: REF: Erdal et al. (1978)
JAEA-SDB version 3.1 DATA: Am/Tuff, #50763~50768
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information 1is provided. Initial RN No
concentration is missing.
Data table Am/7: REF: Erdal et al. (1979d)
JAEA-SDB version 3.1 DATA: Am/Tuff, #50917, #50922
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided. pH and initial RN No
concentration is missing.
Data table Am/8: REF: Erdal (1980)
JAEA-SDB version 3.1 DATA: Am/Tuff, #51063~51141
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | A table with Ka values is provided. class 1
II-a  SDB | As solid phase tuff is indicated. SSA and CEC are not given. C/D
II-b SDB | pH values between 7 and 9 are given in the reference, Initial, end A
or both values are reported.
REF | For the data points #51075 and #51086 no pH values are given. | unreliable
These two points are therefore unreliable.
II-c SDB | Experiments were conducted under atmospheric conditions. Am in A/B
the oxidation state (III) is reported. Am is not redox sensitive.
II-d SDB | Experiments had been performed in synthetic groundwater. Final oD
solution composition is not indicated.
II-e  SDB | It is indicated that experiments had been performed at 22 and A/B
70°C.
II-f SDB | The amount of solution/solid ratio is reported. 20/1 water-to-rock A/B
ratio, 1[g] solid with 20[mL] solution.
II-g  SDB | The sorption values are calculated from Kq and L/S ratios:
« #51063~51080, #51085~51090, #51093~51097, #51099
~51102, #51119 A
« #51081~51084, #51107~51109, #51120, #51121, #51123~
51125, #51127, #51129, #51130 B
+ Others C/D
II-h SDB | An initial Am concentration of 4.00 X 10 7 M 1is indicated.
According to the data given in Rai et al. (1999), the initial Am
concentration given in the reference is above the solubility limit of | unreliable
americium between pH 7 and 9.
UNRELIABLE. No further rating.
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Data table Am/9: REF: REF: Ikeda and Amaya (1998)
JNC-SDB version 3.1 DATA: Am/Tuff, #53543~53550

GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for checkpoints II-a, II-m and II-n
Checkpoint | Evaluation Rating
Ira.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | Atable with Kq values is given. class 1
II-a  SDB | As solid phase tuff is indicated. Mineral composition and surface
characteristics are not reported. B
REF | Major mineral composition and chemical composition of tuff are
indicated. A BET of 57[m?/g] is reported.
II-b  SDB | Initial and final pH values are indicated. A
II-c SDB | It is indicated that reducing conditions had been applied with final
Eh values of —190[mV] to —250[mV]. Am is not redox sensitive
and an oxidation state (+III) is reported.
REF | Sodium dithionite (Na2S204) as reducing agent was added to the C/D
reaction mixtures. The effect of sodium dithionite on Am is difficult
to estimate since no experiments with another reducing agent had
been done. For this reason rating C/D is applied.
II-d SDB | As water type seawater and distilled water are indicated. The
solutions are 2xX10 4 M to 1.2X10 3 M in sodiumdithionite, to keep
reducing conditions.
REF | Final solution compositions are not given, but it is supposed that
no essential changes take place in the case of seawater #53543,
#53548~53550). A/B
Major mineralogy and chemical composition of the tuff are avai-
lable. Final solution composition with distilled water and the
reported L/S can be estimated approximately #53544~53547). C/D
II-e  SDB | A temperature of 26°C 1is indicated. A/B
II-f SDB | It is indicated that for reactions 0.1[g] of solid was added to either
49 or 50[mL] of solution. With a BET value of 57[m?%/gl, rating A/B A/B
is applied.
II-g SDB | The sorption values are calculated from Kq and L/S ratios:
- #53546 (sorption value 98%) B
- #53543~53545 and #53547~53550 (sorption >99%) C/D
II'h  SDB | Initial Am concentrations of 1.5X10710 and 1.6X107 10 M are
reported. Based on the data in Rai et al. (1999) it is assumed that A
initial Am concentration was clearly below (by a factor >5) the
respective solubility limit for the reported data around pH 6 to 7.4.
II1 SDB | Two different filtration procedures were applied and similar
results are reported: filtration with 0.45 pum membranes and with A
10,000 MWCO-filters.
115 SDB | Areaction time of 26 and 33 days is indicated. No further (kinetic) c/D
information is provided.
II-k  REF | Samples were manually shaken every one to two weeks. C/D
II-1 SDB | No variation in L/S or Am concentration had been performed. C/D
II'm REF | The experiments were carried out in teflon vessels. There is no B

information about blank measurements or sorption on vessel walls
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given.
II-n  SDB | It is indicated that replicates are not reported. Error information
is available for every datapoint.
REF | Two repetitions are reported. It is unclear if the uncertainties are B
derived on the basis of replicated sorption experiments or are
estimated analytical uncertainties.
II-o  SDB | No parameter variation had been done. D
Data table Am/10: REF: Meijer et al. (1990)
JAEA-SDB version 3.1 DATA: Am/Tuff, #62087~62092
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information 1is provided. Water type, No
solution/solid, pH, contact time, separation method are missing.
Data table Am/11: REF: Nakayama et al. (1986)
JAEA-SDB version 3.1 DATA: Am/Tuff, #56816~56826
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for checkpoints I-a.2 and II-c.
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | It is indicated that redox state of Am and reaction temperature are
not reported. Yos
REF | Batch sorption experiments had been performed at room
temperature with Am(III).
I-b REF | Atable with Kq values is given. class 1
II-a  SDB | As solid phase Ohya tuff with different mesh sizes (32~60 and
<60) and Itado tuff with a mesh size of 32~60 are indicated.
Mineral composition and surface characteristics are not reported. c/D
BET values are indicated.
REF | Major mineral composition and chemical composition of the tuff
samples are not reported.
II-b  SDB | Final pH values are indicated. A
II-c SDB | It is indicated that experiments had been performed under aerobic
conditions. Eh values are not reported. Am is not redox sensitive. AB
The oxidation state of Am is not indicated.
REF | It is reported that Am(III) was used for the experiments.
II-d SDB | As water type preequilibrated water and distilled water are
indicated. Final solution compositions are not given.
REF | Final solution compositions are not reported. Since information unreliable

about mineral composition is lacking as well, and because tuff may
contain easily soluble minerals or impurities it is impossible to
estimate the final solution composition.
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Data table Am/12: REF: Tanaka and Muraoka (1998)
JAEA-SDB version 3.1 DATA: Am/Tuff, #62370
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Update of SDB required for checkpoint II-i.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | Atable with the K4 value is given. class 1
II-a  SDB | As solid phase tuff is indicated. Chemical (elemental) composition
of the tuff and CEC are reported. oD
REF | Although tuff is a natural sample, no mineral assemblage is
indicated.
II-b SDB | Initial and final pH values are indicated. The final pH covers a
range within one pH unit. B
REF | Final pH was measured after reaching the equilibrium.
II-c SDB | It is indicated that experiments had been done under aerobic
conditions and a final Eh value of 220 to 270[mV] is given. Am is A/B
not redox sensitive. A redox state of +III is indicated.
II-d SDB | As water type tuff equilibrated water is indicated. A table with the A/B
final solution composition is provided.
II-e  SDB | A temperature of 25°C 1is indicated. A/B
II-f SDB | It is indicated that 0.1[g] of solid was added to 10[mL] of solution.
BET values are not reported. Since tuff typically has a high AB
specific surface area it is assumed that 0.1[g] of solid per reaction
vial is enough.
II-g  SDB | A sorption value of 99% was calculated from Ka and L/S ratio. C/D
II-h  SDB | An initial Am concentration of 3.27x10~ 7 M is reported. Based on
speciation calculations with Phreeqci 2.14.3 using the
thermodynamic data in NAGRA-PSI (Hummel et al., 2002) the A
initial Am concentration is still a factor of >5 below the solubility
limit (due to the AmSiO(OH)32* and Am(COs)2~ species).
II-1 SDB | It is indicated that filtration with 50 nm membrane was applied. A
115 SDB | A reaction time of 7 days is indicated.
REF | Sorption kinetics of distribution coefficients for Am is provided. AB
The Ka values of the last two measurements are similar indicating
near-equilibrium.
II-k  REF | There is no information about sample agitation reported. C/D
II-1 SDB | No variation in I/S or Am concentration had been performed. C/D
II'm REF | The experiments were carried out in teflon vessels. There is no
information about blank measurements or sorption on vessel walls B
given.
IIn  SDB | It is indicated that only one sample measurement had been D
performed. There is no error information given.
II-o  SDB | No parameter variation had been done. D
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Data table Am/13: REF: Tanaka et al. (1998)
JAEA-SDB version 3.1 DATA: Am/Tuff, #62377, #62383, #62407~62410, #62438~62442,

#62469~62473
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for checkpoints I-b and II-1 and II-j.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b SDB | It is indicated that Ka values are read out of a scanned figure. class 5
REF | The diagrams are provided with logarithmic Kq values.
II-a SDB | As solid phase tuff is indicated. Chemical composition of the tuff
and CEC are reported. oD
REF | Although tuff is a natural sample, no mineral composition is
indicated.
II-b  SDB | Initial and final pH values are indicated. For the datapoints where
final pH covers a range within one pH unit rating B is applied. For
datapoint #62409 the pH range is exceeding one unit, however
rating B is applied assuming the same quality as the other
datapoints.
- #62377, #62383, #62438~63442, #62469~62473 (exact pH
values given) A
- #62407, #62408, #62410 (range of one pH unit) B
- #62409 (range >1 pH unit) B
REF | Final pH was measured after reaching the equilibrium.
II-c SDB | It is indicated that experiments had been done under aerobic
conditions and final Eh values of 310[mV] are given. Am is not A/B
redox sensitive. A redox state of +1I1I is indicated.
II-d SDB | As water type tuff equilibrated solution is indicated. A table with A/B
the final solution composition is provided for each datapoint.
II-e  SDB | A temperature of 25°C 1is indicated. A/B
II-f SDB | It is indicated that 0.1[g] of solid was added to 10[mL] of solution.
BET values are not reported. Since tuff typically has a high AB
specific surface area it is assumed that 0.1[g] of solid per reaction
vial is enough.
II-g SDB | Rating is done based on %-sorbed values calculated from the
information given in the SDB:
- #62410, #62441, #62442, #62473 (97.2 to 97.6% sorbed) B
- other datapoints (>98% sorbed) C/D
II'h  SDB | An initial Am concentration of 8.0x1078 M is indicated. Based on
speciation calculations with Phreeqci 2.14.3 using the A
thermodynamic data of Hummel et al. (2002) the initial Am
concentration is at a pH up to 8.5 clearly below the solubility limit
(due to the AmSiO(OH)s2* and Am(COs)2~ species).
Datapoint #62410 with an end pH of 9.5~10.0 however is
according to the calculations above the solubility limit and is unreliable
therefore excluded from further evaluation.
111 SDB | It is indicated that filtration with 0.45 um membrane was applied. C/D
115 SDB | A reaction time of 7 days is indicated. AB
REF | Separate kinetic measurements demonstrate near-equilibrium

was reached at the given reaction time.
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II-k  REF | There is no information about sample agitation reported. C/D

II-1 SDB | No variation in L/S or Am concentration had been performed. C/D

II'm REF | The experiments were carried out in teflon vessels. There is no
information about blank measurements or sorption on vessel B
walls.

II'n  SDB | It is indicated that only one sample measurement had been D
performed. There is no error information given.

II-o SDB | Am sorption had been measured at different pH values and at B
different Na and Ca concentration in solution.

Data table Am/14: REF: Tanaka and Muraoka(1999)

JAEA-SDB version 3.1 DATA: Am/Tuff, #61653, #61654

GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating

Ira.1 SDB |All mandatory fields are completed. Yes

I-a.2 SDB |All mandatory information are completed. Yes

I-b SDB | A figure with log Ka values is provided. class 5

II-a SDB |It is indicated a physico-chemical properties of the tuff samples. A

II-b SDB |It is indicated pH of solution equilibrated with tuff samples. B
However pH of solution after sorption experiment is not reported.

II-c SDB |It is reported that Eh is 450[mV].

REF |It is considered that this experiment is carried out under air A/B
condition. Am(III) is not redox sensitive.

II-d SDB |Initial solution composition is indicated.

REF |[The final solution composition is not reported, but can be
estimated based on major mineral components and initial solution
composition.

II-e  SDB |It is indicated that the temperature is controlled at 25°C by using A/B
a water jacket.
II-f SDB |Itis indicated that L/S is 10[cm?3]/0.5[g]. AB

REF |It is considered that quantity of solid is little.

II-g REF |The %-sorbed can be calculated with K4 and L/S ratio. This data is A
5~95%.
II'h SDB |Avalue of 3.27x10~ 7 [M] is indicated as initial Am concentration.

REF |Based on calculations using the JAEA-TDB (100331c0.tdb), A
solubility of Am(III) in the given equilibrated solution is 3.49x10 6
[M].

II-i SDB | Filtration through 0.45 um membranes is indicated. B
115 SDB |Areaction time of 7 days is indicated. c/D
REF |No further (kinetic) information is provide.

II-k  REF |It is indicated that the samples are gently agitated on a shaker at

A/B

60[rpm] for 168 hours.

II-1 SDB | No variation in L/S or Am concentration had been performed. C/D
II'-m REF |No information about vessel is indicated. C/D
II-n  SDB | No information about error is indicated. D
II-o  SDB |No parameter variation had been done. D
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Data table Am/15: REF: Thomas (1987)
JAEA-SDB version 3.1 DATA: Am/Tuff, #60413~60423

GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for I-a.2.
Checkpoint | Evaluation Rating
Ira.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided: pH, Eh is missing,
o . 1. No
atmosphere conditions are indicated.
Data table Am/16: REF: Vine et al.(1980a)
JAEA-SDB version 3.1 DATA: Am/Tuff, #61653, #61654
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB |Initial Am concentration fields are not completed. No
I-a.2 SDB |Initial Am concentration information is not completed. No
Data table Am/17: REF: Wolfsberg et al. (1979)
JAEA-SDB version 3.1 DATA: Tuff, Am: #61704~61709
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB |Not all mandatory information is provided (initial RN
concentration is missing). No
REF | Some information on RN concentration is provided, but it is not
clear whether this refers to experiments or stock solutions.
Data table Am/18: REF: Wolfsberg (1981)
JAEA-SDB version 3.1 DATA: Am/Tuff, #61722~61727
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-ra.2 SDB | Not all mandatory information 1is provided, initial RN
concentration is missing.
REF | For experimental details, reference to Vine et al. (1980b) is made; No

however, the corresponding entry in the SDB also does not contain
any information on initial RN concentration.
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3.1.2 Cesium

Data table Cs/1: REF: Ashida et al. (1999)*
JAEA-SDB version 3.1 DATA: Cs/Tuff, #62893, #62897

GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | The Ka values are extracted from graphs with a logarithmic scale. class 5
II-a  SDB | Tuff is reported as mineral phase without detailed mineralogic /D
composition. BET is provided.
II'b  SDB | Final pH values are reported (range within one pH unit). B
II-c  SDB | It is indicated that experiments had been performed under AB
ambient conditions (air). Cs is not redox sensitive.
II-d SDB | As water type, 0.01 and 0.1 M NaCl-solution is indicated. Final oD
solution compositions are not given.
II-e  SDB | A temperature of 22°C is indicated. A/B
II-f SDB | AL/S of 100[mL/g] is indicated.
REF | Based on the given specific surface area of the tuff sample, the AB
mass of 1[g] tuff used for an experiment has a surface area of about
24[m?2].
II-g  SDB | The sorption values were calculated based on the information
given in the SDB.
- # 2893 (96%) B
- #62897 (81%) A
II-h  SDB | Initial Cs concentration is reported. Cs is not solubility limited. A
II-1 SDB | Filtration by 10,000 MWCO-filter is indicated. B
11+ SDB | Areaction time of 30 days is indicated. oD
REF | The kinetics of sorption are not reported.
II-k  REF | No information is provided for the agitation method. C/D
1I-1 SDB | No isotherm, no variation of the Cs concentration and no variation
L C/D
of L/S are indicated.
II'-m REF | There is no information about the reaction vessels or a correction /D
for sorption on vessel walls given.
II-n  REF | No replicates and no error estimates are reported. D
II-o  REF | NaCl concentration is varied. C
Data table Cs/2: REF: Barney (1982)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #44989~45008
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | Table with Ka values is provided. class 1
II-a  SDB | A solid phase tuff are indicated. SSA and CEC are given.
The minerals present are reported. Further composition is not B
REF | reported.
II-b  SDB | Initial and end pH are indicated. A
II-c SDB | Indicated redox state corresponds to the information in the A/B

reference. Redox state of Cs is not given in the reference.
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REF | Systems were pre-equilibrated. Cs in the oxidation state (I) is
reported. Cs is not redox sensitive.
II-d REF | Experiments had been performed in synthetic groundwater. Final
. NN . C/D
solution composition is not indicated.
II-e  SDB | It is indicated that experiments had been performed at 23°C. A/B
II-f SDB | The amount of L/S ratio is reported. A/B
REF | It is indicated that surface area of tuffis 188+3 [m2/g].
II-g  SDB | The sorption values were calculated based on the information
given in the SDB.
+ #44989~44991 B
- #44992~45008 C/D
II-h  SDB | Initial Cs concentrations from 9.54 X107 to 7.94 X109 M are A
indicated. Cs is not solubility limited.
II1 SDB | As separation method filtration is indicated. B
REF | Filtration through 30 Angstrom Amicon 50A ultrafilter is reported.
115 SDB | A contact time of 14 days is indicated. C/D
II'k  REF | Continuous shaking (180 oscillations/min), method not specified. A/B
11-1 REF | Isotherms were determined at different temperatures. A
II'm REF | Polycarbonate centrifuge tube 50[mLl], sorption on vessel walls not B
considered.
II'n REF | There is no error information reported. D
II-o REF | Variation of solution composition ([Na] etc. variations). C
Data table Cs/3: REF: Daniels et al. (1982)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #49551~49657
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided. pH, separation
method, redox potential and a few initial RN concentrations are
missing.
REF | The initial pH of the solutions used for experimentation and the No
actual pH during experimentation are not available. It is not clear
whether the experimental systems had been at or near
equilibrium.
Data table Cs /4: REF: Erdal et al. (1978)
JNC-SDB version 3.1 DATA: Cs/Tuff, #50937 ~#50942
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided: pH and initial
concentration are missing. No
REF | No further information could be found.
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Data table Cs/5: REF: :Maclean et al.(1978)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #56189

GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information are completed. Yes
I-b SDB | A table with Kd values is provided. class 1
II-a SDB | It is not indicated the composition and properties of mineral. C/D
II-b SDB | Only initial pH of groundwater is reported. D
II-c SDB |Redox conditions are not reported.
REF |It is considered that experiment is carried out under air condition. A/B
Cs(D) is not redox sensitive.
II-d SDB | Final composition of groundwater is not reported.
REF |Initial solution composition is indicated.
The final solution composition is not reported, but can be estimated C/D
based on major mineral components and initial solution
composition.
IT-e SDB | A temperature of 25°C 1is reported. A/B
II-f SDB | A solid/solution ratio is reported (1[gl/15[mL]). It is indicated that A/B
REF |particle size of solid is 100~325 mesh.
II-¢g REF | The %-sorbed can be calculated with Ka and L/S ratio. This data is A
5~95%.
II-h SDB | A value of 2.8x10~8 [M] is indicated as initial Cs concentration. Cs A
1s not solubility limited.
II1 SDB | It is indicated that separation method is centrifuge (3000[rpm]/20 A
~60 minutes) and filtration (0.1um).
11+ SDB | A reaction time of 7 days is indicated. c/D
REF |No further (kinetic) information is provide.
II-k REF |It is indicated that agitated method is shaker-table water bath and
N . A/B
~130 oscillations per minute for 48 hours.
1I-1 SDB |Initial Cs concentration is not varied. C/D
II'-m  REF |Itis indicated that experimental vessel is polycarbonate centrifuge B
tubes.
II-n SDB | No information about error is indicated. C/D
II-o SDB | No parameter variation had been done. D
Data table Cs/6: REF: Meijer et al. (1990)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #62101~62108
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided.
Water type, pH, initial RN concentration and contact time are No

missing.
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Data table Cs/7: REF: Meyer et al. (1990)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #56393~56407
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | Atable with Kd values is provided. class 1
II-a  SDB | As solid phase tuff is indicated. SSA and CEC are not given.

REF | Some details of the composition of geological materials are C/D
reportedly given in Meyer et al. (1987).

II-b  SDB | Final pH is indicated. A
II-c SDB | An air/COz atmosphere is indicated.

REF | Experiments were conducted in an atmosphere box with an
overpressure of CO:z to buffer the solution pH. System was A/B
pre-equilibrated. Cs in the oxidation state (I) is reported. Cs is not
redox sensitive.

II-d REF | Experiments had been performed in NaCl solution with a small oD
amount of NaHCOs. Final solution composition is not reported.
II-e  SDB | It is indicated that no temperature is given. C/D
II-f SDB | The solution/solid ratio is reported as 0.2[g] solid, 2[mL] solution. oD
REF | Since SSA is not given, the criterion cannot be evaluated.
II-g SDB | The %-sorbed can be calculated with Kq and L/S ratio:
- #56393, #56394, #56398, #56406, #56407 C/D
- #56401~56405 B
* #56395~56397, #56399, #56400 A
II-h  SDB | An initial Cs concentration of 5.00 X 1079 M is indicated. Solubility A
limit has not been estimated. Cs is not solubility limited.
II-i SDB | As separation method centrifugation is indicated. C/D

REF | Centrifugation 9000[rcf] for 30 minutes, after decantation a second | (update

centrifugation was done for 15 minutes. SDB)
115 SDB | Contact times of 0.25~14 days are indicated.

REF | Equilibrium was reached within a few days. The experiments with
a reaction time of 0.25 and 4 days may be haven not reached
equilibrium.

- #56393, #56394, #56399, #56400, #56402, #56405 A/B

- #56395~56398, #56401, #56403, #56404, #56406, #56407 unreliable
II-k REF | Not reported. C/D
II-1 REF | No isotherms and no variations of Cs concentrations are indicated. C/D
II-m REF | No information about vessel material is reported. No information

. . . C/D
about consideration of losses to vessel walls is given.

II-n REF | It is indicated that there is no error information available. D
II-o REF | No variations of conditions are indicated. D
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Data table Cs/8: REF: Park et al.(1992)
JAEA-SDB version 3.1 DATA: Cs/tuff, #57249~57251

GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b SDB | A table with Ka values is given. class 1
II-a  SDB | Tuff is indicated as mineral phase; rough mineral composition and
specific surface areas (BET) of the three grain size fractions are B
provided. Particle sizes of the fractions are given.
II-b SDB | Initial pH values are reported.
It is not reported at which state of the experiment the pH was
measured. The pH is listed in the table of groundwater B
composition. Since the synthetic groundwater is a well buffered
system, rating B is given.
II-c SDB | It is indicated that redox conditions are not reported.

REF | No inert gas atmosphere is reported. Therefore it is assumed that AB
the experiments were conducted under ambient conditions. Cs is
not redox sensitive.

II-d SDB | The initial composition of the solution is given (synthetic
groundwater).

REF | The composition of synthetic groundwater reported simulates the A/B
chemical composition of equilibrated natural groundwater from
the tuff sampled.

II-e  SDB | It is indicated that a reaction temperature of 25°C had been used. A/B
II-f SDB | The BET surfaces of the tuff in three different grain sizes are indi-
cated to be >30[m2/g]. Rating is done based on the calculated AB
surface area of the added sorbent indicated. In all cases it is >5
[m?] per reaction vessel.
II-g REF | The sorption values were calculated based on the information
given in the SDB. The sorption values for all datapoints are C/D
>99.5%.
II-h  SDB | Initial Cs-concentration of 8.4 x 10710 M is indicated. Cs is not A
solubility limited.
II-i SDB | Centrifugation is reported as separation method.

REF | It is reported that samples had been centrifuged for 10 minutes at C/D
3,000[rpm].

115 SDB | A reaction time of 14 days is indicated.

REF | For the three experiments the distribution ratios with time are oD
illustrated in graphs with logarithmic time scales. It is unclear if
near-equilibrium was reached.

II-k  REF | Shaking is reported as agitation method. A/B
II-1 REF | No isotherm, no variation of the Cs concentration and no variation oD
of the L/S is indicated.
II-m REF | Itisindicated that glass vessels had been used for the experiments
and corrections for sorption on the vessel walls had been C/D
performed based on a blank test.
II-n  SDB | No replicates and no error estimates are reported. D
II-o  REF | Cs sorption on three different grain size fractions of the same tuff C

sample is reported.
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Data table Cs/9: REF: Rogers and Meijer (1993)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #58575~58613
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided; it is indicated that the

initial RN concentration is missing. No

REF | No further information could be found.
Data table Cs/10: REF: Thomas (1987)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #60430~60448
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided: pH, Eh is missing,
. . No
atmosphere conditions are indicated.

Data table Cs/11: REF: Yamamoto et al.(1989)
JAEA-SDB version 3.1 DATA: Cs/Tuff, #61769
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | Separation fields are not completed. No
I-a.2  SDB | Separation information is not completed. No
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3.1.3 Neptunium

Data table Np/1: REF: Barney(1982)
JAEA-SDB version 3.1 DATA: Np/Tuff, #45042~45061
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information is completed. Yes
I-b SDB | A table with Ka values is provided. class 1
II-a SDB | SSA and CEC of tuff are given.

REF | The minerals present are reported. Further composition is not B
reported.

II-b SDB |Initial and final pH are indicated. A
II-c SDB |Indicated redox state corresponds to the information in the
reference.

REF |These experiments are carried out under aerobic condition and
controlled condition. It is used hydrazine as reducing agent under
controlled condition.

- #45042~45048, #45050, #45052, #45054 : Np(V) A
- #45049, #45051, #45053, #45055~45061 : Np(IV) C/D
II-d SDB | Experiments had been performed in synthetic groundwater. Final c/D
solution composition is not indicated.
II-e SDB | It is indicated that experiments has been performed at 23°C. A/B
II-f SDB | The amount of solution/solid ratio is reported. A/B

REF |Surface area 188[m?/g] in the tuff sample is available.

II-¢g REF | The %-sorbed can be calculated with Ka and L/S ratio. This data is A
5~95%.

II-h SDB |Initial Np concentrations are 5.71X10 8~6.54x10"8 [M] under
aerobic condition, 6.31x10 8~ 6.76x10 & [M] under reducing
condition.

REF |Based on calculations using the thermodynamic database
developed by JAEA (100331c1.tdb), in the case of aerobic condition,
solubility of Np is >1.95x10 3 [M], in the case of reducing
condition, <8.0x10 [M].

- #45042~ 45048, #45050, #45052, #45054 : Np(V) A
- #45049, #45051, #45053, #45055~45061 : Np(IV) unreliable
II1 SDB | As separation method filtration is indicated. B

REF | Filtration through 30 Angstrom Amicon 50A ultrafilter is reported.

115 SDB | A contact time of 14 days is indicated. C/D

II-k REF | Continuous shaking (180 oscillations/min), method not specified. A/B

11-1 SDB |Isotherms were determined at different temperatures. A

II'm  REF | Polycarbonate centrifuge tube 50[mL], sorption on vessel walls not B
considered.

II'-n SDB | There is no error information reported. D

II-o SDB | Variation of solution composition (Na concentration etc. C
variations).
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Data table Np/2: REF: Baston et al. (1997) and Berry et al.(2007)
JAEA-SDB version 3.1 DATA: Np/Tuff, #46828~46831, #46940, #46941
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK:  Update of SDB required for checkpoints II-a, Il-c, II-d and II-i.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b SDB | A table with Ka values is given. class 1
II-a  SDB | As solid phase, tuff is indicated. Major mineral composition is
reported for datapoints #46940 and #46941 only, but 1s also valid
for datapoints #46828~46831. Surface characteristics are not C/D
given. Since minor mineral composition is not indicated, surface
characteristics cannot be estimated.
II-b  SDB | Final pH values are reported. A
REF | No use of any pH buffer is reported.
II-c SDB | The oxidation state of Np is not reported. It is indicated that
experiments had been performed under nitrogen atmosphere with
dithionite as reducing agent. Final Eh values are indicated.
REF | It is reported that Np(V) was reduced to Np(IV) with sodium oD
dithionite prior to the adsorption experiments. Oz levels were
reportedly < 1[ppm]. All solutions had been de-oxygenated before
experimentation. Levels of dithionite were monitored during the
experiments, and were corrected where needed.
II-d SDB | As water type tuff equilibrated distilled water is indicated. Only
for datapoints #46940 and #46941 the final solution composition of
equilibration at 60°C resp. at room temperature is provided. A/B
REF | The final solution compositions for datapoints #46828~46831 are
identical to the compositions of datapoints #46940 and #46941.
II-e  SDB | It is indicated that experiments had been done at 25 and 60°C. A/B
II-f SDB | It is indicated that an L/S ratio of 5 with 300[mL] solution and 6[g] A/B
of solid phase had been used for the experiments.
II-g  SDB | Sorption values are calculated from Kq and L/S ratios:
- #46828 (97% sorption) A
- #46829~46831, #46940, #46941 (>98% sorption) C/D
II-h  SDB | Initial Np concentration of 6.0x1079 M is indicated. Based on
speciation calculations with Phreeqci 2.14.3 using the
thermodynamic database developed by JAEA (100331c1.tdb), the
initial Np concentration may have been at, or slightly above, the oD
REF | solubility limit.
The solutions were pre-filtered (0.45 um) before being equilibrated
with the solid. Presumably, Np-precipitates would have been
removed in this way.
II-1 SDB | Filtration through 10,000 MWCO or 0.45 um membranes, or
centrifugation at 1100[g] for 3 hours is indicated.
REF | Three liquid/solid separation techniques were employed:
1. Centrifugation at 1100[g] for 15 minutes with aliquots A

being removed from near the surface of the supernatant
liquid

2. Centrifugation followed by filtration through a 0.45 pm
filter
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3. Centrifugation followed by filtration first through a 0.45
um filter, and then through a 10,000 MWCO filter
Ka values were all in the same range, independent of the applied
separation technique.

11+ SDB | A contact time of 120 days is indicated. C/D
II-k  REF | Gentle agitation on a shaker is reported. A/B
II-1 SDB | No variation in L/S or Np concentration had been performed. C/D
II-m REF | The experiments had been carried out in polypropylene centrifuge
tubes. Sorption on vessel walls was not tested in case of Np. B
However, tests with Cm suggest that sorption on vessel walls can
be neglected.
II-n  SDB | Error estimates are given, but it is indicated that no replicate
measurements are available. B
REF | Error estimates are given, which are based on counting statistics
only. Neptunium experiments were carried out in duplicate.
II-o SDB | Temperature had been varied (and as a result of the temperature
. C
change also the pH varied).
Data table Np/3: REF: Daniels et al.(1982)
JAEA-SDB version 3.1 DATA: Np/Tuff, #49763~49769
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1  SDB |Initial Np concentration fields are not completed. No
I-a.2  SDB |Initial Np concentration information is not completed. No
Data table Np/4: REF: Nakayama et al.(1986)
JAEA-SDB version 2 . DATA: Np/Tuff, #56839~56844
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1  SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information is completed. Yes
I-b SDB | A table with Kd values is provided. class 1
II-a SDB |Information of physic-chemical properties about tuff is not
reported. However, source, mesh size and specific surface area are C/D
reported.
II-b SDB | Final pH is indicated.
REF |pH is adjusted before sorption experiments, during sorption B
experiment pH is not adjusted.
II-c SDB | It is not indicated about redox condition.
REF | Sorption experiment is supposed to be performed under aerobic A/B
condition. So, redox state of Np is considered as Np(V).
1I-d SDB |There is no information about final solution composition and
physico-chemical properties of tuff. unreliable
REF | It is impossible that final solution composition is predicted.
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Data table Np/5: REF: Rogers and Meijer(1993)
JAEA-SDB version 3.1 DATA: Np/Tuff, #58614~58648

GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information is completed. Yes
I-b SDB | A table with Ka values is provided. class 1
II-a SDB |Information of physic-chemical properties about tuff is not
reported. However, source, particle size and specific surface area C/D
are reported.
II-b SDB | Final pH is indicated.
REF | No more information is reported as pH adjustment during sorption B
experiment.
II-c SDB | It is not indicated about redox condition.
REF |Sorption experiment is supposed to be performed under aerobic A/B
condition. So, redox state of Np is considered as Np(V).
1I-d SDB | There is no information about final solution composition and
physico-chemical properties of tuff. unreliable
REF | It is impossible that final solution composition is predicted.
Data table Np/6: REF: Tanaka and Muraoka(1999)
JAEA-SDB version 3.1 DATA: Np/Tuff, #62315
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1  SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information are completed. Yes
I-b SDB | A figure with log Ka values is provided. class 5
II-a SDB | Physico-chemical properties of the tuff samples are indicated. A
II-b SDB |It is indicated pH of solution equilibrated with tuff samples. B
However pH of solution after sorption experiment is not reported.
II-c SDB | It is reported that Eh is 450[mV].
REF |It is considered that this experiment is carried out under air A/B
condition. So, redox state of Np is considered as Np(V).
II-d SDB | Initial solution composition is indicated.
The final solution composition is not reported, but can be estimated
. i S . A/B
based on major mineral components and initial solution
composition.
II-e SDB | It is indicated that the temperature is controlled at 25°C by using A/B
a water jacket.
II-f SDB |It is indicated that L/S is 10[cm3]/0.5[g]. A/B
REF |It is considered that quantity of solid is little.
II-¢g REF | The %-sorbed can be calculated with Ka and L/S ratio. This data is A
5~95%.
II-h SDB | A value of 1.62x10 3 [M] is indicated as initial Np concentration.
REF |Based on calculations using the thermodynamic data given JAEA A
(100331cl.tdb), solubility of Np(V) in the given equilibrated
solution are 2.093x10 3 [M].
II-i SDB | Filtration through 0.45 um membranes is indicated. B
115 SDB | A reaction time of 7 days is indicated. c/D
REF |No further (kinetic) information is provide.
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II-k REF |It is indicated that the solution containing the sample is gently A/B
agitated on a shaker at 60[rpm] for 168 hours.

1I-1 SDB |Initial Np concentration is not varied. C/D

II'm REF | No information about vessel is indicated. C/D

II-n SDB | No information about error is indicated. C/D

II-o SDB | No parameter variation had been done.. D

Data table Np/7: REF: Tanaka et al.(1998)
JAEA-SDB version 3.1 DATA: Np/Tuff, #62374, #62380, #62390~62394, #62422~ 62426,

#62453~62458
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1  SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information is provided. Yes
I-b SDB | It is indicated that Ka values are read out of a scanned figure. lass 5
REF | The diagrams are provided with logarithmic Kq values. class
II-a SDB | As solid phase tuff is indicated. Chemical composition and CEC are
reported. oD
REF | Although tuff is a natural sample, no mineral composition is
indicated.
II-b SDB | Initial and final pH are reported.
REF | pH is adjusted using NaOH and HCl (data point #62390~62394). A
Other data points are not adjusted.
II-c SDB |It is indicated that experiments had been done under aerobic
conditions and final Eh values of 310[mV] are given. A/B
REF |So, redox state of Np is considered as Np(V).
II-d SDB | As water type tuff equilibrated solution is indicated. A table with AB

the final solution composition is provided for each data point.

II-e SDB | A temperature of 25°C is indicated. A/B

II-f SDB | It is indicated that 0.1[g] of solid was added to 10[mL] of solution.

REF | BET values are not reported. Since tuff typically has a high specific
surface area it is assumed that 0.1[g] of solid per reaction vial is
enough.

A/B

II-¢g REF |Rating is done based on %-sorbed values calculated from the
information given in the SDB:
« #62374, #62380, #62392~62394, #62422, #62423, #62453~
62457
« #62390, #62391, #62424~62426, #62458

& >

II-h SDB | An initial Np concentration of 2.0x10 4 [M] is indicated.

REF |Based on calculations using the thermodynamic data selected by
JAEA (100331c1.tdb), solubility of Np(V) in the given equilibrated
solution are >8.2x105 [M].

111 SDB | It is indicated that filtration with 0.45 um membrane was applied. C/D

115 SDB | A reaction time of 7 days is indicated.
REF | Separate kinetic measurements demonstrate near-equilibrium was A/B
reached at the given reaction time.

II-k REF |It is indicated that agitation method is shaking by hand during

experimental period. A/B

II-1 SDB |No variation in L/S or initial Np concentration had been
performed.

C/D
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II'-m  REF |The experiments were carried out in teflon vessels. There is no
. X . B
information about blank measurements or sorption on vessel walls.

II'n SDB |It is indicated that only one sample measurement had been D
performed. There is no error information given.

II-o SDB |Np sorption had been measured at different pH values and at B
different Na and Ca concentrations in test solutions.

Data table Np/8: REF: Thomas(1987)

JAEA-SDB version 3.1 DATA: Np/Tuff, #60456~60487

GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating

Ira.1 SDB | All mandatory fields are completed. Yes

I-a.2 SDB |Not all mandatory information is provided: pH, Eh is missing,

o 1. No

atmosphere conditions are indicated.
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3.1.4 Selenium

Data table Se/1: REF: Barney (1982)
JAEA-SDB version 3.1 DATA: Se/Tuff, #45192~45210

GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b REF | Atable with Kd values is provided. class 1
II-a  SDB | As solid phase tuff is indicated. SSA and CEC are given.

The minerals present are reported. Further composition is not B

REF | reported.

II-b  SDB | Initial and end pH are indicated. A
II-c SDB | Indicated redox state corresponds to the information in the
reference. Eh is not reported.

REF | These experiments are carried out under aerobic condition and
controlled condition. It is used hydrazine as reducing agent under
controlled condition.

- #45192, #45194~45198, #45202, #45209, #45210 : Se(-11) unreliable
- #45193, #45199~45201, #45203~45208 : Se(VI) A/B
II-d SDB | Experiments had been performed in synthetic groundwater. Final
. . . C/D
solution composition is not indicated.
II-e  SDB | It is indicated that experiments has been performed at 23°C. A/B
II-f SDB | The amount of solution/solid ratio is reported. AB
REF | Surface area 188[m?/g] in the tuff sample is available.
II-g REF | The %-sorbed can be calculated with Ka and L/S ratio.
-#45192 (<5%) C/D
+ Others data (5~95%) A
II-h  SDB | Initial Se concentrations are 2.80x10 ~ & [M] under aerobic
condition. Se(VI) is not solubility limited (Azuma et al., 1999). A
- #45193, #45199~45201, #45203~45208 : Se(VI)
II-i SDB | As separation method filtration is indicated. B
REF | Filtration through 30 Angstrom Amicon 50A ultrafilter is reported.
11+ SDB | A contact time of 14 days is indicated. C/D
II'k REF | Continuous shaking (180 oscillations/min), method not specified. A/B
11-1 SDB | Isotherms were determined at different temperatures. A
II'm REF | Polycarbonate centrifuge tube 50[mL], sorption on vessel walls not B
considered.
II'n  SDB | There is no error information reported. D
II-o SDB | Variation of solution composition (Na concentration etc. C
variations).
Data table Se/2: REF: Conca and Triay(1996)
JAEA-SDB version 3.1 DATA: Se/Tuff, #49374~49376
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for I-a.1.
Checkpoint | Evaluation Rating
I-a.1  SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information is provided. Yes
I-b SDB | A table with Ka values is provided. class 1
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II-a SpB |Tuff is indicated as solid phase. Mineralogy is not indicated. c/D
Specific surface area is provided.

IT-b SDB | Final pH values are reported. A

II-c SDB | It is not reported experimental conditions. However, final Eh is
reported (140~150 [mV]). A/B

REF It is considered that redox state of Se is Se(IV).

IT-d SDB |As water type J-13 Well water is indicated. The final solution
composition of the equilibrated groundwater is not provided and | unreliable
cannot be estimated due to lacking mineralogy of the tuff sample.

Data table Se/3: REF: Daniels et al. (1982)

JAEA-SDB version 3.1 DATA: Se/Tuff, #49826~49830

GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating

I-a.1 SDB | All mandatory fields are completed. Yes

I-a.2 SDB | Not all mandatory information is provided. pH, separation method
and redox potential are missing.

REF | The initial pH of the solutions used for experimentation and the No
actual pH during experimentation are not available. It is not clear
whether the experimental systems had been at or near
equilibrium.

Data table Se/4: REF: Shibutani et al. (1994)

JAEA-SDB version 3.1 DATA: Se/Tuff, # 59232~59255

GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Update of SDB required for checkpoints I-a.2, II-d, II-f and II-h.

Checkpoint | Evaluation Rating

I-ra.1 SDB | All mandatory fields are completed. Yes

I-a.2 SDB | All mandatory information is provided. Yes

I-b SDB | It is indicated that Ka values are provided as % sorbed. class 2

II-a  SDB | Tuff is indicated as solid phase. Specific surface area is provided.

REF | Mineralogy of used tuff isplagioclases, smectite, clinoptilolite, oD
heulandite, quartz, kaolinite, biotite, gypsum and pyrite, and a
little of K-feldspar, illite, sericite, chlorite, amphibole and calcite.

II'b  SDB | Final pH values are reported (after a contact time of 14 days, A
which can be assumed to be enough to reach equilibrium).

II-c SDB | It is indicated that experiments had been performed in an
atmosphere with <1[ppml] of oxygen.

REF | It is reported that experiments had been performed under /D
Nz-atmosphere with <1[ppm] of oxygen present. Eh values are not
reported. Due to the kinetic stability of added Se(IV) under
ambient conditions, rating C/D is applied.

II-d SDB |As water type 0.01 M NaCl solution is indicated. The final solution
composition of the equilibrated groundwater is not provided.

REF | The final solution composition is not reported, but can be C/D
estimated based on major mineral components and initial solution
composition.

II-e SDB | Experiments had been conducted at room temperature. A/B

II-f SDB | A liquid/solid ratio of 20[mL/g] is reported. A/B
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REF | The L/S ratio is indicated to be 2.5[mL/g]. With the indicated
specific surface area of 57[m2/g] rating A/B is applied.
II-g  SDB | The sorption values are calculated from Kq and L/S ratios:
- #59234~59247, #59254, #59255 (26~83% sorption) A
- #59248~59253 (96% sorption) B
- #59232, #59233 (>99% sorption) C/D
II-h  SDB | Initial Se concentration is indicated as 1.0x10-4 M. According to
Phreeqci-calculations using the thermodynamic data in oD
NAGRA-PSI thermodynamic database (Hummel et al., 2002), the
reported Se concentration is clearly below the solubility limit.
II-i SDB | It is reported that reaction mixtures were filtered with a 10,000 B
MWCO (Molecular Weight Cut-Off) ultrafilter.
115 SDB | A contact time of 14 days is indicated. This reaction time is
. C/D
considered to be reasonably long.
II-k  REF | Agitation method is shaking sometime during experimental AB
period.
111 SDB | No variation in L/S or initial Se concentration is indicated. C/D
II-m REF | There is no information about the vessel type used for
experimentation. It is indicated that blank measurements had /D
been made, but it is not reported if corrections for sorption on the
vessel walls had been performed.
II'n  SDB | No error estimates are reported. Only one replicate is indicated. D
II-o SDB | pH had been varied systematically. C
Data table Se/5: REF: Thomas (1987)
JAEA-SDB version 3.1 DATA: Se/Tuff, #60506~60526
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
Ira.2 SDB | Not all mandatory information is provided: pH, Eh is missing, No

atmosphere conditions are indicated.
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3.1.5 Thorium

Data table Th/1: REF: Baston et al.(1994)
JAEA-SDB version 3.1 DATA: Th/Tuff, #46560~46563
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-a.1 SDB | Eh fields are not completed. Yes
I-a.2  SDB | All mandatory information is completed. Yes
I-b SDB | A graph with log Ka is provided. class 5
II-a SDB | Tuff as solid phase is indicated. SSA and CEC are not given.
The minerals present are reported. Further composition is not B
reported.
II-b SDB | Final pH value is given.
REF |One tube is monitored regularly over a 60~100 days period to A
monitor the pH and, if necessary, pH readjustments are carried out
in all tubes (tripulicated).
II-c SDB |All experiments were carried out in nitrogen atmosphere glove AB
boxes. Th(IV) is not redox sensitive.
II-d SDB | The composition of the synthetic groundwater is not given. unreliable
Data table Th/2: REF: Ishii et al.(2001)
JAEA-SDB version 3.1 DATA: Th/Tuff, #65713, #65714
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | Eh fields are not completed. Yes
I-a.2  SDB | All mandatory information is completed. Yes
I-b SDB | A table with Ka values is provided. class 1
II-a SDB | Tuff as solid phase is indicated. SSA and CEC are given. The A
chemical composition is reported.
1I-b SDB |Initial and equilibrium pH is indicated. It is not carried out pH A
adjustments.
II-c SDB | Redox conditions are not reported.
REF | It is considered that experiment is carried out under air condition. A/B
Th(IV) is not redox sensitive.
II-d SDB | An initial liquid composition is indicated.
REF | The final solution composition is not reported, but can be estimated
. i S . A/B
based on major mineral components and initial solution
composition.
II-e SDB | A temperature of 15°C is reported. A/B
II-f SDB |In the case of Th, solid/solution is reported 1[gl/50[mL] or A/B
1[g]/100[mL)].
II-¢g REF | The %-sorbed can be calculated with Ka and L/S ratio. All data are A
5~95%.
II-h SDB |Initial Th concentration is decided by solubility calculation using A
REF | solution composition and thermodynamic data.
II-i SDB | Filtration through 0.45 um membranes is indicated. B
115 SDB | Areaction time of 14 days is indicated. c/D
REF |No further (kinetic) information is provide.
II-k REF | Samples are agitated continuously by a stirrer (50 strokes/minute) A/B

and shaking (1 times/day).

-48-




JAEA-Data/Code 2010-026

II-1 SDB |1t is carried out three different initial Th concentrations. B
REF | It is not indicated Th sorption isotherms.
II'-m  REF |It is reported that reaction vessel is teflon or polypropylene. After
sorption experiment, it is confirmed that Th is not sorbed onto A
vessel wall.
II-n SDB | It is carried out in triplicate. It is reported Ka error. A
II-o SDB | It is carried out in different solution and three different initial Th B
concentrations.
Data table Th/3: REF: Thomas (1987)
JAEA-SDB version 3.1 DATA: Th/Tuff, #60554~60563
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
Ira.2 SDB | Not all mandatory information is provided: pH, Eh is missing,
L .. No
atmosphere conditions are indicated.
Data table Th/4: REF: Ueta (1998)
JAEA-SDB version 3.1 DATA: Th/tuff, #61621~61628
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b SDB | Ka values are provided in [mL/g]. class 1
II-a  SDB | As solid phase tuff from Gifu-ken Tono is indicated. Major
mineralogy and surface characteristics of the tuff are not reported. C/D
REF | A surface area of 57[m?/g] is reported.
II-b  SDB | Initial and final pH values are reported. A
II-c SDB | Redox state of Th is not indicated. Experiments had been perfomed
under aerobic conditions. Eh values are not reported. Th is not A/B
redox sensitive.
II-d SDB | Experiments had been performed in seawater and distilled water.
Final solution compositions are not reported:
+ #61621~61624: due to lacking mineralogy the solution
composition after equilibration with distilled water cannot be
estimated. unreliable
+ #61625~61628: it is supposed that no essential changes take
place with seawater. C/D
REF | Carbonate concentrations of the solutions are reported. All
solutions had been analysed after pre-equilibration.
II-e  SDB | A temperature of 25°C 1is indicated. A/B
II-f SDB | Itis indicated that 1[g] of solid per reaction vial was used. With A/B
the indicated BET the total solid surface is 57[m?/viall.
II-g REF | The sorption values are calculated from Ka and L/S ratios. For all c/D
datapoints the sorption is >98%.
II-h  SDB | An initial Th concentration of 4.0x10-8 M is indicated. Based on
speciation calculations with Phreeqci 2.14.3 using the unreliable

thermodynamic data in the NAGRA-PSI thermodynamic database
(Hummel et al. 2002) and the JNC-TDB_011213c2, the initial Th

-49-




JAEA-Data/Code 2010-026

concentration is clearly above the solubility limit and datapoints
are considered as unreliable.

Data table Th/5: REF: Ueta et al. (1999)
JAEA-SDB version 3.1 DATA: Th/tuff, #61629~61636
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
I-b SDB | A table with Kq values is given. class 1
II-a  SDB | As solid phase tuff from Gifu-ken Tono is indicated. Major oD
mineralogy and surface characteristics of the tuff are not reported.
II-b  SDB | Initial and final pH values are reported. A
II-c SDB | Redox state of Th is not indicated. Experiments had been
performed under aerobic conditions. However, Th is not redox A/B
sensitive.
II-d SDB | Experiments had been performed in seawater and distilled water.
Final solution compositions are not reported:
« #61629~61632: due to lacking mineralogy the solution
composition after equilibration with distilled water cannot
be estimated. unreliable
« #61633~61636: it is supposed that no essential changes
take place with seawater. A/B
II-e  SDB | A temperature of 25°C is indicated. A/B
II-f SDB | It is indicated that 2[g] of tuff and 100[mL] of solution was used for
the experiments. AB
REF | With the indicated BET for tuff from Gifu-ken Tono in Ueta (1998)
the total surface/vial is 114[m?2].
II-g  SDB | The sorption values are calculated from Kq and L/S ratios. They A
are 63~64% for the experiments with seawater #61633~61636.
II-h  SDB | An initial Th concentration of 2.0x10-9 M is indicated. Based on
speciation calculations with Phreeqci 2.14.3 using the
thermodynamic data in the NAGRA-PSI thermodynamic database B
(Hummel et al. 2002), the initial Th concentration is below the
solubility limit but less than a factor of 5.
II-i SDB | Similar results were obtained by filtration over 0.45 pm
membranes and filtration over a 10,000 MWCO filter (molecular A
weight cut-off).
115 SDB | A contact time of 30 days is indicated. C/D
II-k REF | The samples were shaken. A/B
111 SDB | No variation in L/S or initial Th concentration is indicated. C/D
II-m REF | Type of reaction vial is not reported. Corrections for sorption on
vessel wall have been done. Sorbed Th of the reaction vial was C/D
extracted by acid leaching and was corrected in Kq calculations.
IIn  SDB » No error information is available for data points #61633,
#61636. D
+ Error information based on duplicate measurements is
available for datapoints # 61634, #61635 A
II-o  SDB | No parameter variation is indicated. D
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3.2 Criteria III

Only the entries for Am, Np, Se and Th classified as reliable are being considered for
criteria III. All unreliable entries, or entries where classification according to criteria I
and II could not be completed, are excluded. Entries for Cs are not included in this
analysis because the final cation concentration would have to be estimated or calculated

in most cases before a meaningful comparison can be done.

3.2.1 Evaluation of data for americium
The following entries are evaluated in this section; the respective data are shown in
Figure 3.2.1.

Reference Data table Solid phase

Baston et al.(1995b) Am/2 tuff

Ikeda and Amaya(1998) Am/9 tuff

Tanaka and Muraoka(1998) Am/12 tuff

Tanaka et al.(1998) Am/13 tuff

1.E+03

0) Am, tuff, SW/DW, lIkeda and Amaya(1998)
0& o X Am, tuff, pre—equil DW, Tanaka and Muraoka(1998)
1.E+02 &
o @ = + Am, tuff, pre—equil DW, Tanaka et al.(1998)
. o ®) O Am, tuff, CE-GW/S-GW, Baston et al.(1995b)
o0
<
4 1.E+01 } .
=1 & T O Am, smectite, 0.1M-NaClO4, Gorgeon(1994)
4 O O
o & + A Am, bentonite, saline GW, Salter et al.(1981)
tE
1.E+00 EFE%
1.E-01
0 2 4 6 8 10 12 14
pH

Figure 3.2.1 Overview of sorption data for Am on tuff. For comparison, sorption data
for Am on smectite and bentonite are also shown. SW = seawater, DW =
distilled water, CE-GW = concrete-equilibrated ground water, S-GW =
synthetic ground water, GW = ground water.

Figure 3.2.1 summarizes the data for the sorption of Am on tuff, with those on smectite
and bentonite. The Ka values measured by Tanaka et al. (1998) and Baston et al.
(1995b) show a fairly clear trend of increasing Ka with increasing pH, which is
consistent with the trend for smectite. The variation of Ka data observed at pH around 7
in Tanaka et al. (1998) can be explained by the difference of ionic strength. Considering

the differences of experimental conditions, all K4 values of Am for tuff are evaluated as
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being consistent with each other, and with the data for smectite and bentonite.

Although the detailed mineralogical compositions of the tuff samples are not known, it

can be assumed that tuff often contains clay minerals such as smectite as weathering

products, resulting in the consistent sorption behavior.

3.2.2 Evaluation of data for selenium

The following entries are evaluated in this section; the respective data are shown in

Figure 3.2.2.
Reference Data table Solid phase
Barney(1982) Se/l tuff
Shibutani et al. (1994) Se/4 tuff

Figure 3.2.2 shows the available data for Se(IV)/Se(VI) sorption on tuff and related

minerals (clay minerals and Fe minerals). Although Kaq values lie in wide ranges, a

fairly clear trend of decreasing Kd with increasing pH was found. It is difficult to

evaluate because of lack of detailed information on the mineralogy of the tuff for both

Shibutani et al. (1994) and Barney (1982), but they are approximately consistent with

each other. As discussed in Shibutani et al. (1994), comparison of pH dependencies

between tuff and its constituent minerals suggests that Fe minerals such as

Fe-oxyhydroxide and pyrite contribute to sorption behavior of Se on tuff. Assuming that

the data for granodiorite by Sato et al. (1997) refer to Se(IV), it would seem reasonable

that the minerals in granodiorite have a lower sorption capacity for anions than tuff.

14

@ Se(lV), goethite, 0.005M NaNO3, Hayes et al.(1988)
ASe(lV), HFO, 0.01M NaNO3, Hayes et al.(1988)
OSe(Vl), goethite, 0.01M NaNO3, Hayes et al.(1988)

Se(lV), granodiorite, groundwater, Sato et al.(1997)
0OSe(IV), mont., 0.01M NaCl, Shibutani et al.(1994)
OSe(lV), smectite, 0.01M NaCl, Shibutani et al.(1994)

Se(lV), a-FeOOH, 0.01M NaCl, Shibutani et al.(1994)
+Se(IV), chlorite, 0.01M NaCl, Shibutani et al.(1994)
ASe(IV), pyrite, 0.01M NaCl, Shibutani et al.(1994)
@Se(VI), tuff, groundwater, Barney(1992)

0Se(IV), tuff, 0.01M NaCl, Shibutani et al.(1994)

Overview of sorption data for Se on tuff. For comparison, sorption data for

goethite, HFO and granodiorite are also shown. HFO = hydrous ferric oxide.
Mont. = montmorillonite
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3.2.3 Evaluation of data for thorium and neptunium
The following entries are evaluated in this section; the respective data are shown in
Figure 3.2.3.

Reference Data table Solid phase
Ueta et al.(1999) Th/5 tuff
Baston et al.(1997) and Berry et al.(2007) Np/2 tuff

Figure 3.2.3 shows the available data for Th(IV)/Np(IV) sorption on tuff and related
minerals (clay minerals and Fe minerals). It is noted that Ka values for tuff of Th(IV) by
Ueta et al. (1999) and Np(IV) by Baston et al. (1997, 1999) are fairly consistent, and are
similar with those on granodiorite and bentonite, reported by same authors. In
comparison with the Ka values of Th on pure montmorillonite (SWy-1) obtained by
Bradbury and Baeyens (2003) and those on goethite by Hunter et al. (1988), relatively
low sorption on tuff has been observed for Th and for Np(IV). In all these cases, solution
chemistry had been relatively complex as well as mineralogy of tuff samples, including
presumably significant concentrations of carbonate, silicate, etc. Because the influence
of such ligands on Th sorption is not known precisely, due to the lack of systematic
sorption data, these data cannot be evaluated conclusively according to Criterion III,

but they appear to be consistent among each other.

1.E+04
ATh, goethite, seawater, Hunter et al.(1988)
1E+03 g--------- O-mmmmmmmmmm o OTh, Al-ox, 0.1M-NaCIO4, Righetto et al.(1988)
1E402 dmmmmmm s e = L O OTh, granodiorite, seawater, Ueta(1998)
OTh, tuff, seawater, Ueta et al.(1999)
S1EH01 === ------~ AN T
< : O @ <9 X Th, SWy—-1, 0.1M-NaClO4, Bradbury and Baeyens(2003a)
)
N 1E+00 4 ---=-=====~ _A_é _____________ __| #Th, Opalinus Clay, porewater, Bradbury and Baeyens(2003b)
<O
& o ONp(1V), granodiorite, pre—equil. DW, Baston et al.(1997/1999)
1.E-01 f------=—==—=—-- =& m - - - - - -
X o ONp(1V), tuff, pre—equil. DW, Baston et al.(1997/1999)
1E-02 §------ XW«'% —————————————————— ONp(IV), Kunigel V1, pre-equil. DW, Baston et al.(1997)
XNp(V), smectite, 0.1M-NaClO4, Gorgeon(1994)
1.E-03 T
0 2 4 6 8 10 12
pH

Figure 3.2.3 Overview of sorption data for Th and Np(IV) on tuff. For comparison, sorption
data for Th and Np(IV), as well as for Am on metal oxide minerals, granitic
rocks, various clays and clay minerals are also shown. DW = distilled water, GW
= ground water, SBPW = synthetic bentonite porewater.
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4. Summary

The QA/classification of selected entries in the JAEA-SDB, focusing tuff existing widely
in geological environment, was done following the approach/guideline defined in our
previous report. As a result, the reliability of 560 Kqa values was evaluated and classified.
The QA/classification for about 27.8 % for all Ka data (56.2 % for 5 key nuclides- Am, Cs,
Np, Se, Th) in JAEA-SDB has been completed.

Based on the results of the fourth application of classification guideline to Ka data for
tuff system (1st-bentonite, 2nd-mudstone, 3rd-granite), some conclusions can be drawn;

+ The classification guideline allows a suitable classification of the Kq values on the
basis of the completeness of documented key information and the quality of the
underlying experimental methods and conditions.

+ The classification scheme made it possible to obtain quick overview of the available
data, and to provide suitable access to the respective Ka values for the PA-related
Ka-setting.

+ Finaly, JAEA-SDB including QA information should be repeatedly tested through
the application to various rocks and geochemical conditions, for example,

sandstone and basaltic rocks.
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Datapoint

44934
44935
44936
44937
44938
44939
44940
44941
44942
44943
44944
44945
44946
44947
44948
44949
44950
44951
44952
44953

46684
46685
46686
46687
46688
46689
46690
46691

65952
65953
65954
65955
65956
65957

46912
46913
46914
46915

49383
49384
49385
49386
49387
49388
49389
49390
49391
49392
49393
49394
49395
49396
49397
49398
49399
49400
49401
49402

50763
50764
50765
50766
50767
50768

50917
50922

51063
51064
51065
51066
51067
51068
51069
51070
51071
51072
51073
51074
51075
51076
51077
51078
51079
51080
51081
51082
51083
51084
51085
51086
51087
51088
51089
51090
51091
51092
51093
51094
51095
51096
51097
51098
51099
51100
51101
51102
51103
51104
51105
51106
51107
51108
51109
51110
51111
51112
51113

Reference

Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)
Barney(1982)

Baston et al.(1995b)
Baston et al.(1995b)
Baston et al.(1995b)
Baston et al.(1995b)
Baston et al.(1995b)
Baston et al.(1995b)
Baston et al.(1995b)
Baston et al.(1995b)

Baston et al.(1998)
Baston et al.(1998)
Baston et al.(1998)
Baston et al.(1998)
Baston et al.(1998)
Baston et al.(1998)

Berry et al.(2007)
Berry et al.(2007)
Berry et al.(2007)
Berry et al.(2007)

Daniels et al.(1982)
Daniels et al.(1982)
Daniels et al.(1982)
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Daniels et al.(1982)
Daniels et al.(1982)
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Daniels et al.(1982)
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Daniels et al.(1982)
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Daniels et al.(1982)
Daniels et al.(1982)
Daniels et al.(1982)
Daniels et al.(1982)

Erdal et al.(1978)
Erdal et al.(1978)
Erdal et al.(1978)
Erdal et al.(1978)
Erdal et al.(1978)
Erdal et al.(1978)

Erdal et al.(1979d)
Erdal et al.(1979d)

Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)
Erdal (1980)

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
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Yes
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Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
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Yes
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Yes
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Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Yes
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Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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I - Completeness of documentation and type of Kd

Rating = I-a: Yes/No, I-b: class 1-6

I-a.2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Rating I-a

yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)

yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)

yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)

yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)

no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
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no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)

no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)
no (can not be used)

no (can not be used)
no (can not be used)

yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)
yes (can be used)

Rating I-b

class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1

class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1

class 1
class 1
class 1
class 1
class 1
class 1

class 1
class 1
class 1
class 1

class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1
class 1

II-a
solid phase

C/D)

C/D)
C/D)
C/D)
C/D)
C/D)
C/D)

C/D)
C/D)
C/D)
C/D)

II-c

A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)

A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)

A/B)
A/B)
A/B)
A/B)
A/B)
A/B)

C/D)
C/D)
C/D)
C/D)

A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)

A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)

A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)
A/B)

II-d II-e I-f I-g I-h I-i I -k - I-m I-n II-o
redox condition solution composition temperature S/W sorptive value initial [RN] phase separation reaction time agitation RN loading reaction vessels error estimates parameter variation

A/B) C/D) A/B) A/B) A B) B) C/D) A/B) A B) D) C)

C/D) A/B) A/B) A) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) A B) B) C/D) A/B) A B) D) C)

C/D) A/B) A/B) A) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) A) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) A) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) A B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) B) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) C/D) B) B) C/D) A/B) A) B) D) C)

C/D) A/B) A/B) C/D) B) B) C/D) A/B) A) B) D) C)

A/B) C/D) A/B) B) A) unreliable

A/B) C/D) A/B) C/D) A C/D) A/B) C/D) A A D)

A/B) C/D) A/B) A) A) unreliable

A/B) C/D) A/B) C/D) A A C/D) A/B) C/D) A A D)

A/B) C/D) A/B) C/D) A) A) C/D) A/B) C/D) A) A) D)

A/B) C/D) A/B) C/D) A A) C/D) A/B) C/D) A A D)

A/B) C/D) A/B) C/D) A) A) C/D) A/B) C/D) A) A) D)

A/B) C/D) A/B) C/D) A A) C/D) A/B) C/D) A A D)

A/B) A/B) C/D) C/D) B) B) C/D) A/B) C/D) A C) D)

A/B) A/B) C/D) C/D) B) B) C/D) A/B) C/D) A) C) D)

A/B) A/B) C/D) C/D) B) B) C/D) A/B) C/D) A C) D)

A/B) A/B) C/D) C/D) B) B) C/D) A/B) C/D) A) C) D)

A/B) A/B) C/D) C/D) B) B) C/D) A/B) C/D) A C) D)

A/B) A/B) C/D) C/D) B) B) C/D) A/B) C/D) A) C) D)

A/B) A/B) A/B) C/D) A) unreliable

A/B) A/B) A/B) C/D) A) unreliable

A/B) A/B) A/B) C/D) A) unreliable

A/B) A/B) A/B) C/D) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A unreliable

C/D) A/B) A/B) A unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) B) unreliable

C/D) A/B) A/B) B) unreliable

C/D) A/B) A/B) B) unreliable

C/D) A/B) A/B) B) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) A) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) B) unreliable

C/D) A/B) A/B) B) unreliable

C/D) A/B) A/B) B) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) C/D) unreliable

C/D) A/B) A/B) C/D) unreliable
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Il - Technical and scientific quality of reported data
Checkpoints = level: A-D (numerical value: 3-0)/unreliable

Rating = class1-6/unreliable

Rating I

class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3
class 3

unreliable
class 2

unreliable
class 2
class 2
class 2
class 2
class 2

class 3
class 3
class 3
class 3
class 3
class 3

unreliable
unreliable
unreliable
unreliable

unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable

unreliable
unreliable
unreliable
unreliable
unreliable
unreliable

unreliable
unreliable

unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable
unreliable

IIl - Consistency

comment/rating

consistent with independent data
consistent with independent data
consistent with independent data
consistent with independent data
consistent with independent data
consistent with independent data
consistent with independent data
consistent with independent data
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II - Technical and scientific quality of reported data
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1 - Completeness of documentation and type of Kd

Rating = I-a: Yes/No, I-b: class 1-6
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Rating = class1-6/unreliable
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