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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 Kq 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 Ka
value. The reliability of Kavalues of key radionuclides for bentonite and mudstone system
has been already evaluated. To use these QA information, the new web-based JAEA-SDB was
published in March, 2009.

In this report, the QA/classification of selected entries for key radionuclides (Th, Np, Am, Se
and Cs) in the JAEA-SDB was done following the approach/guideline defined in our previous
report focusing granite rocks which are related to reference systems in H12 PA and possible
applications in the context of URL activities, and Fe-oxide/hydroxide, Al-oxide/hydroxide
existing widely in geological environment. As a result, the reliability of 1,373 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 Ka-setting in PA.

Keywords: Sorption Database, Distribution Coefficient, Ka, Reliability, Quality Assuarance,
Geological Disposal
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1. Introduction
Sorption of radionuclides in buffer materials (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) (Shibutani et al., 1999). JAEA has been and is continuing
to improve and update the SDB in view of potential future data needs.
As part of this on-going development program, JAEA has focused on;

- keeping the databases up-to-date (Suyama and Sasamoto, 2004; Saito et al., 2007),

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

- testing the usefulness of the SDB to Ka-setting for possible PA-related applications
(Ochs et al., 2008).
The JAEA-SDB includes more than 24,000 Kq 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 Ka value (Ochs et al., 2007; Saito et al., 2005). The reliability of Ka
values of key radionuclides for bentonite system (Ochs et al., 2007) and mudstone
system (Saito et al., 2008) has been already evaluated. To use these QA information
and to extract reliable data based on QA/classification, the new web-based JAEA-SDB
has developed and published in March, 2009 (Tachi et al., 2009).

In this report, the QA/classification of selected entries for key radioniclides (Th, Np, Am,
Se, Cs) in the JAEA-SDB was done following the approach/guideline defined in our
previous report (Ochs et al., 2007; Saito et al., 2008) focusing granite rocks which are
related to reference systems in H12 PA and possible applications in the context of URL
activities, and Fe-oxide/hydroxide, Al-oxide/hydroxide existing widely in geological

environment.

In the chapter 2, the QA criteria and classification scheme defined in our previous
report (Ochs et al., 2007) are described. And in the chapter 3, classifications of selected
entries for granite, Fe-oxide/hydroxide, Al-oxide/hydroxide in the JAEA-SDB are
described by each item. In the appendix, the details of the evaluation and classifications

for the selected entries of the SDB are listed.
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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
1s addressed by criteria II and III.

Criteria I — Completeness of documentation and type of K4 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-III. 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 Ka 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
other K4 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.
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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 K4 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)

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
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> 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.

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.

I-b Does the type of Kq 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 Ka
class 4: linear graph % sorbed
linear graph residual concentration
class 5: logarithmic graph Ka
class 6: logarithmic graph % sorbed

logarithmic graph residual concentration

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).
II-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
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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.

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

3. 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.

4. 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. 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 SiOg, 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:
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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 1s 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
equilibrium of sorption reactions. There are two Dbasically 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 buffers. Where it is desired to determine Ka values as a

function of pH, this cannot be avoided. In this case, it needs to be



A)

B)

C)

D)

JAEA-Data/Code 2009-021

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 Kq 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
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 Kua is
documented).

Only a range (within 1 pH unit) of initial pH is provided, no

information on final pH is given.
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> 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
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.

> Two levels of reliability:
A/B) Level A/B applies to entries in the JAEA-SDB where it is

demonstrated that both of the above requirements are met: This
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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.

C/D) 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 Ne
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.
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II-d Final solution composition

II-e

II-f

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.

9
A/B)

C/D)

Two levels of reliability:

Temperature is approximately specified (e.g. room temperature) and
constant, or varied in a controlled fashion.

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 1s 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



II-g

II-h

JAEA-Data/Code 2009-021

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? 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 1s 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.

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
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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 < 2X10-9 M for rating A to apply.
Initial [RN] was clearly below the solubility limit, but maybe less than
a factor of 5 (see above).

[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.

9
A

Three levels of reliability:

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).
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 Ka 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,
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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 pm) 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.

II7 Reaction time

EN
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
requirement.

If the requirement for level C/D is not met (i.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

9

Two levels of reliability:
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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.

> Three levels of reliability:

A) 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 (.e., at least some data
are included within a linear sorption region).

B) 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).

C/D) No variation as in A or B has been carried out.

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
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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.

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).
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II-n Uncertainty estimates

II-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.

0)) 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 K4 measurements. In this context, key
parameters are those that influence sorption (for example, chemical
parameters such as RN concentration, pH, pCOs, 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
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
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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.

9
A

B)

C)
D)

Four levels of reliability:

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

Either RN concentration (isotherm) and/or chemical parameters, such
as pH or pCOz (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 III 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
III. As this requires an expert decision by the operator, the underlying

reasoning needs to be clearly documented.

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.
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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):

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
*II-b pH A-Dx8
*II-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
1I-g sorption value A-C/D x 2
*II-h initial RN concentration A-/CD x 8
*1I-1 phase separation A-C/Dx 8
*11- 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
II-o0 parameter variation A-Dx8

* indicates critical checkpoints with minimum requirements;

bold letters indicate the checkpoints to be evaluated initially
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Table 2.3.2 Overall classes of reliability for Criteria II

points  rating
183-151 class1
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 Kq 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 granite, Fe-, Al-oxide/hydroxide 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 granite and Fe-,
Al-oxide/hydroxide.

+ 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-c, 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 Criteria I and II

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

GUIDELINE: Revision # (date)

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

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

II-c Redox conditions. A/B-C/D
1I-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
II-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: Allard and Beall (1979)*
JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #42188

GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: K4 value is based on prediction and therefore excluded from classification.
Checkpoint | Evaluation Rating
Ira.1 SDB | All mandatory fields are completed. Yes
I-a.2  SDB | The datapoint is not evaluated, since it is predicted and not No,
measured. unreliable
Data table Am/2: REF: Allard et al. (1978)*
JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #42222, 42223
GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: Checkpoints I-b, II-b, II-c and II-i should be updated/revised.
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 | Ka values are provided in a table in [m3/kg] class 1
REF | There are five Ka values reported. The Ka values indicated in the | (update
SDB do not correspond to the reported values in the reference SDB)
II-a SDB | As solid phase granite is indicated. Major mineralogy and surface
L C/D
characteristics are not reported.
II-b SDB | Initial and final pH values are indicated. (
. . . update
REF | Apparently for examinations concerning complex formation and SDB)
solubility a pH of 7 to 9 was applied. Seemingly no pH values are C
reported for the sorption experiments, but it is assumed that (tentative)
experiments had been performed at a pH of 7 to 9.
II-c SDB | Redox state of Am is indicated as +III. Experiments had been
performed under aerobic and under reducing conditions with
Fe(II/III) present in solution. Eh values are indicated to be —0.15
to —0.21 V for experiment #42222. Am is not redox sensitive. A/B
REF | Eh values are reported to be —0.15 to —0.27 V in a pH range of 7
~9,
II-d SDB | It is indicated that experiments had been performed in synthetic
groundwater aq293. Final solution composition is reported.
There are datapoints of sorption experiments with another .
synthetic groundwater aq1105 available. unreliable
REF | For datapoint #42222 the concentration of reducing agent
Fe(II/IT]) in solution is not reported.
Data table Am/3: REF: Allard et al. (1979b)
JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #42259-42264
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 log Ka values is provided. class 1
II-a SDB | As solid phase granite is indicated. Mineralogy and surface c/D

characteristics are not reported.
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II-b SDB | Initial pH values are reported. C

II-c SDB | Oxidation state of Am is not reported. Since experiments had been
performed under aerobic conditions, it is assumed that americium
was in the oxidation state (+I1I). Americium is not redox sensitive.
Eh values are not reported.

A/B

II-d SDB | Detailed composition of two synthetic groundwaters is indicated. A/B

II-e SDB | A reaction temperature of 25°C and 65°C is indicated. A/B

II-f SDB | A L/S ratio of 10~50 mL/g is indicated.

REF | An apparent surface to mass ratio of <10 m?/kg is reported.
Assumed that this is the specific surface of granite, with 1~3 g of
solid phase per reaction vial the total surface is 0.01~0.03 m2/vial.

C/D

II-g SDB | Sorption values are calculated from Kq and L/S are all >99%. C/D

II-h SDB | An initial Am concentration of <1.0X 1078 M is indicated. Based

REF | on speciation calculations (for 25°C) with Phreeqci 2.14.3 using the
data in the NAGRA-PSI thermodynamic database (Hummel et al., | A
2002) the indicated Am concentration is at a pH 8.2 clearly below
the solubility limit in both solutions, aq293 and aq1105.

II-i SDB | It is indicated that samples had been centrifuged for 50 min. at
7,000 rpm and filtration over 0.2 um membrane filter. A
REF | It is reported that the filtration did not change the sorption values.

115 SDB | A contact time of 7 and 180 days is indicated. The Ka values of
equal experiments but different reaction times differ by a factor of
about three. Since there is only the initial pH value provided and
the reaction time of 7 days is considered to be reasonable long, the
data with a reaction time of 180 days are assessed as unreliable.
#42261, 42262

-#42259, 42260, 42263, 42264 ‘ér/‘]gehable
The natural groundwaters contain 0.5 and 20 mg/L of iron.
REF | Reported Ka values of Th and Am show a significant increase at a
contact time of 180 days, whereas Ka values of Cs do not differ
much from the values measured after 7 days. On the basis of this
information, sorption of Am and Th onto iron oxides is very likely
during a contact time of 180 days.
1I-k REF | The samples were shaken. A/B
1I-1 SDB | No variation in [Am] or the L/S is indicated. C/D
II'-m  REF | The experiments were carried out in glass bottles. Corrections for
. C/D
sorption on the vessel walls have not been bone.
II'n REF | No error information is available. D
II-o REF | Sorption was measured at two different temperatures. C

Data table Am/4: REF: Allard et al. (1980)*

JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #42525-42528

GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Due to incorrect Kq values in the SDB, classification was mainly performed on the
basis of information of the reference. Checkpoints I-a.2, II-a, II-b, II-f and II-i
should be updated/revised.

Checkpoint | Evaluation Rating

I-ra.1 SDB | All mandatory fields are completed. Yes
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I-a.2 SDB | All mandatory information is provided. No,
Incorrect Ka values were transmitted from the reference to the (update
SDB. SDB)
Ib REF | A graph with logarithmic Kq values is provided. class 5
II-a SDB | As solid phases the climax stock and the westerly grainte are (update
indicated. It is indicated that CEC or BET values are not reported. SDB)
REF | Surface characteristics (CEC and BET) of the mineral components A
are reported.
II-b SDB | Indicated pH values do not correspond to the information in the (revise
reference. SDB)
REF | Initial and final pH values are reported. A
II-c SDB | It is indicated that no information about the oxidation state is
reported. (updat
REF | Am in the oxidation state (ITI) is reported. Am is not redox oprare
L . X SDB)
sensitive. It is assumed that experiments had been performed A/B
under ambient conditions, no oxidizing or reducing agents had
been added to the reaction mixture.
II-d SDB | Experiments had been performed in synthetic groundwater. Final A/B
solution composition is indicated.
II-e SDB | It is indicated that experiments had been performed at 22 C. A/B
II-f SDB | It is indicated that the amount of solution and solid phase is not
reported. (update
REF | Rating is done based on the indicated L/S ratio of 0.08~0.1 L/g. SDB)
Specific surface at a particle size of 0.044 to 0.063 mm of climax A/B
stock granite and westerly granite is about 8 to 8.5 m?/g.
II-¢ SDB | The sorption values will be classified after the update of SDB. —
II-h SDB | An initial Am concentration of 2.0X10792 M is indicated.
REF | Based on speciation calculations (for 25°C) with Phreeqci 2.14.3
using the thermodynamic data in NAGRA-PSI (Hummel et al., A
2002) the initial Am concentration is clearly below the solubility
limit.
II-i SDB | It is indicated, that no separation procedure is reported. (update
REF | Samples had been centrifuged for 1h at 4,000g. SDB)
C/D
11 SDB | A contact time of 5 days is indicated. C/D
II-k REF | No agitation method is indicated. C/D
II-1 SDB | No variation in [Am] or the L/S is indicated. C/D
II'm  REF | There is no information about the reaction vessel. Blank
measurements had been performed, but no correction for the /D
adsorption to the vessel walls was made, since this was deemed
unnecessary.
II-n REF | There is no error information reported. D
II-o REF | No parameter variation is indicated. D
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Data table Am/5: REF: Barney and Anderson (1979)*

JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #44233-44237
GUIDELINE: Revision 4b (May 19, 2005)

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

Checkpoint

Evaluation

Rating

I-a.l SDB

All mandatory fields are completed.

Yes

I-a.2 SDB

All mandatory information provided?

Information about the pH (initial and final), the groundwater
composition and the mineral composition is missing. See
checkpoints II-a, IT-b and II-d for annotations.

No

I-b SDB

A table with Kq values is given.

class 1

II-a SDB

REF

As solid phase granite#1 and granite#2 is indicated. Mineralogy is
not reported. Specific surface area for granite#1 is given.

The ‘granite’ used for experiments was fresh crushed quartz
monzanite porphyry from the Nevada test site and a weathered
one. Only qualitative mineralogy is reported in a previous report.

C/D

II-b SDB

REF

It is indicated that no pH is reported.
It is reported that pH was 8.4 on average and about constant over
91 days.

B
(update
SDB)

II-c SDB

REF

Redox conditions are not indicated. Initial Eh values are listed.
Am is not redox sensitive.
Experiments had been performed under aerobic conditions.

A/B

II-d SDB

As water type groundwater is indicated. The solution composition
is not indicated.

From dissolution curves for elemental components of granite in
synthetic groundwater at different times it is concluded that no
equilibrium was reached even after a contact time of 92 days.

unreliable

Data table Am/6: REF: Barney and Brown (1979)*

JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #44319-44321
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Update required for checkpoint I-a.2.

Checkpoint

Evaluation

Rating

I-al  SDB

All mandatory fields are completed.

Yes

I-a.2 SDB

All mandatory information is provided.
Information about the pH, synthetic groundwater composition and
redox conditions are provided.

No
(update
SDB)

I-b SDB

The Ka values are listed in a table in [mL/g].

class 1

II-a SDB

REF

As solid phase granite#1, #2 and #3 are indicated. Mineralogy is
not indicated. For granite#1 BET and CEC, and for granite#2 CEC
is indicated.

The ‘granite’ used for experiments was crushed quartz monzanite
porphyry from Nevada test site. There are two granite samples A
and B reported with qualitative information about mineralogy. Ka
values are given for a fresh and two types of weathered granite
samples. However it is note clear from the data, if these samples
correspond to granite A or B.

C/D
(tentative)

II-d SDB

The solution components of used synthetic groundwater are
indicated in the SDB under the category of solid phase.
From dissolution curves for elemental components of granite in

unreliable
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synthetic groundwater at different times it is concluded that no
equilibrium was reached even after a contact time of 150 days.
Therefore the datapoints are considered as unreliable.

Data table Am/7: REF: Baston et al.(1998)
JAEA-SDB version 4 —DATA: Am / Granitic rocks, Granodiorite, #65946-65951

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 | Tables with Kq are given. class 1
II-a SDB | The solid phase is indicated as granodiorite.
REF | Mineral composition of granodiorite is reported in Berry et A
al.(2007).
II-b SDB | Final pH values are reported.
REF| No use of any pH-buffer is reported. The pH value is monitored A
every 7 days, the pH adjusted back to the appropriate value.
II-c SDB | Experiments are performed under N2. The oxidation state of Am is
reported as III. Final Eh values are provided, as well as the
reducing agent used (Na2S204) at an initial concentration of 2.5 X
10 3 M. A/B
REF| 0; levels are reportedly <1 ppm. All solutions are de-oxygenated
by bubbling an argon(96%) /hydrogen(4%) mixture through them
before posting into the glovebox. Also, Am is not a redox sensitive
element.
II-d SDB | A de-ionized water after equilibration with graodiorite is reported
as input solution; main solution compositions are indicated in the
o N . ey A/B
additional file “solution composition”.
REF| Samples are filtered using a 10000MWCO filter prior to analysis.
II-e SDB | A temperature of 60°C is reported. A/B
II-f SDB | It is indicated that L/S ratio of 5 mL/g had been used, but that the
specific solid mass and solution volume are not reported.
Assuming that the solution volume is > 20 mL would mean a A/B
corresponding solid mass of at least 1 g. This is accepted as
reasonable.
II-g SDB | Based on the information provided in the JAEA-SDB, all Kq values
can be calculated:
« #65946, #65947 : 95%<%-sorbed values<98% B
« #65948-65951 : %-sorbed values >99%. C/D
II-h SDB | 1.2X10710 M is indicated as initial Am concentration. Based on
the data in Rai et al.(1999b), as well as on speciation calculations
using the thermodynamic data in Guillaumont et al.(2003), it is B
estimated that the initial Am concentration is below the respective
solubility limit, but possibly by less than a factor of 5.
111 SDB| Filtration through 10000 MWCO and 45 um membranes, as well
as centrifugation at 1100 g for 2.5 h is reported.
REF| Three methods of phase separation are used: 1) centrifugation at A

1100 g for 2.5 h, 2) centrifugation at 1100 g for 2.5 h followed by
filtration through 0.45 um membranes, and 3) centrifugation at
1100 g for 2.5 h followed by filtration through 0.45 um membranes
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and then by filtration through 10000 MWCO filters. It appears
that the resulting Kq values are slightly dependent on the method
of phase separation: surprisingly, the highest Kq is generally
obtained with centrifugation alone, whereas filtration with 10000
MWCO membranes leads to the lowest values. However, the
respective variation is of about the same magnitude as observed
for different L/S. Therefore, it may be considered to be within the
overall experimental uncertainties.

II-j SDB| A reaction time of 122 days (four months) is reported. This c/D
reaction time is reasonably long.
II-k REF | The experiments are gently agitated on a shaker table. A/B
II-1 SDB| No variation of L/S ratio or of the initial Am concentration is c/D
reported.
II'm REF| The experiments are carried out in polypropylene centrifuge tubes. A
And corrections for sorption on vessel walls have been performed.
II'n SDB | It is indicated that each experiment is done in duplicate.
REF| Error estimates are given for each replicate, based on analytical A
uncertainties.
II-o SDB | No relevant parameter variation is indicated. D
Data table Am/8: REF: Berry et al. (2007)*
JAEA-SDB version 4 — DATA: Am/Granitic rocks; granodiorite, #46906-46911
GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: Update of SDB required for checkpoint 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 (tentative)
Am(OH)2* with oxidation state +II1. (update
SDB)
I-b SDB | A table with Ka values is given. class 1
II-a  SDB | As solid phase granodiorite 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 —510 mV and —520 mV. Am is not redox sensitive.
It is indicated that sodium dithionite (Na2S204) as reducing agent
was added to the reaction mixtures. C/D
REF | The effect of sodium dithionite on Am is difficult to estimate since
no experiments with an other reducing agent had been done. For
this reason rating C/D is applied.
II-d SDB | The solution composition of distilled water after equilibration with
granodiorite 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 (2.5X10 3 M).
II-e SDB | A temperature of 60°C is indicated. A/B
II-f SDB | AL/S of 5 mL/g is indicated. Although any information about the
specific surface area is lacking, 1 g of solid per reaction vial is A/B

assumed to be enough.
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TI-g SDB

The sorption values are calculated from Kq and L/S ratios:
- # 46906 and 46907 (97%)
- # 46908-46911 (100%)

C/D

II'h SDB

An initial Am concentration of 1.2 X 10 10 M is reported. Based on
speciation calculations (for 60°C) with Phreeqci 2.12.5 using the
thermodynamic data in the NAGRA-PSI thermodynamic database
(Hummel et al., 2002) the initial Am concentration is clearly below
(factor >5) the solubility limit at the reported pH of 9.6 (due to the
AmSiO(OH)s2* and Am(COs)2~ species).

II-i SDB

REF

Centrifugation only and centrifugation combined with two
different filtration proceedures were applied (0.45 um and 10,000
MWCO).
The more effective the separation procedure, the higher were the
Ka values. These results indicate colloid formation or sorption to
the filter membranes and data of 0.45 um filtration are considered
as unreliable:

# 46908/46911 (due to consistency with other data considered as

reliable, expert decision)
« # 46906/46907/46909/46910

B

unreliable

IIj SDB

A contact time of 120 days is indicated.

C/D

II-k  REF

Tubes were gently agitated continuously in a shaker.

A/B

1I-1 SDB

No isotherm is available. No variation in L/S or [Am] is indicated.

C/D

II'm REF

One blank tube without solid phase was monitored regularly to
test for a steady-state concentration of radionuclide. Where a
significant sorption to the vessel walls was observed in the blank
test, the corresponding vessel walls of tubes containing geologic
material were investigated. This was in order to confirm that
sorption was genuinely onto the solid phase and not onto the
vessel walls.

IIm SDB

REF

Error estimates are indicated.
Error estimates are based on the statistics of counting.

II-o  SDB

No parameter variation had been performed.

Data table Am/9: REF: Daniels (1981)*

JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #49978-50001

GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Only 24 out of 48 listed datapoints in the reference are indicated in the SDB.
Update of SDB required for checkpoints I-a.2, II-a and II-c.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Is all mandatory information provided? No
It is indicated that there is no information about the solid/solution (update
ratio provided. SDB)
REF | Experimental details are given elsewhere in a cited reference.
I-b SDB | A table with Ka values is given. class 1
II-a SDB | As solid phase granite#1 and #2 are indicated. Mineral
compositions are not reported. Surface characteristics are not
. . ; . B
reported. Fraction sizes of the granite samples are indicated. (tentative)
REF | Mineralogy in volume percent is given in Erdal et al. (1979c).

Surface areas of different fraction sizes are listed, however, not for
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the fraction sizes indicated in the SDB.

II-b SDB | Initial and final pH values are listed. A

II-c SDB | Oxidation state of Am is not reported. It is indicated that
experiments had been performed under aerobic and under

controlled atmosphere conditions. Eh values are not reported. Am éljfda te
1s not redox sensitive. SDB)
REF | Controlled atmosphere condition was nitrogen-atmosphere
containing <0.2 ppm oxygen and <20 ppm carbon dioxide.
II-d SDB | As water type groundwater#1 is indicated. Final solution
compositions are not given.
It is reported that for experiments the same conditions were used
as in three other cited references described. In the cited references unreliable

several batches of groundwaters are listed. From the provided
information of references it is not possible to clearly assign a
groundwater to the given datapoints, therefore all datapoints are
classified as unreliable.

Data table Am/10: REF: Erdal et al. (1979c)*

JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #50897-50904

GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Additional datapoints listed in the reference should be entered to the SDB (only 8
out of 47 in SDB). Update of SDB required for checkpoints.

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 granite#1 and #2 are indicated. Major mineral
composition and surface characteristics (CEC/surface area) are B
reported. (revise

REF | The mineral composition is given in volume percent and not as in | SDB)
the SDB indicated in percent by weight.

II-b SDB | pH values are indicated as follows:

*#50904 only initial pH value indicated C
*#50899, 50902 only final pH values indicated A
-#50897, 50898, 50900, 50901, 50903 initial and final pH given A

II-c SDB | Am(III) is indicated and experiments had been performed under AB
atmospheric conditions. Am is not redox sensitive.

II-d SDB | Pre-equilibrated synthetic groundwater and its composition is
indicated for the datapoints listed in the SDB. (revi

REF | It is reported (p.48) that for experiments at ambient temperature Sr]%‘]/gl;’ ©

the groundwater batch #3 was used and for the experiments at A/B

70°C the groundwater batch #2. Compositions given in the SDB do
not correspond to these data.

II-e SDB | A reaction temperature of 22°C and 70°C is indicated. A/B

II-f SDB | It is indicated that for reactions 1 g of solid was added to 20 mL of
solution. With the given surface area of 4.0 and 3.3 m2/g, measured

with the ethylene glycol method for granite#1 and #2 respectively, C/D
rating C/D is applied.
II-g SDB | The sorption values are calculated from Kq and L/S ratio are all c/D

>98%.
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II-h SDB | An initial Am concentration of <1.0X1076 M 1is reported. Based on
REF | speciation calculations (for both, 22 and 70°C) with Phreeqci 2.14.3
using the thermodynamic data in the NAGRA-PSI thermodynamic A
database (Hummel et al., 2002) the initial Am concentration is
clearly below (factor>5) the solubility limited at the reported pH of
8.4 due to the AmSiO(OH)s2* and Am(CO3)2~ species.
II-i SDB | Centrifugation for 1 hour at 16,000 rpm is indicated. B
115 SDB | A contact time of 7 and 56 days is indicated.
REF | There is a clear trend of higher Ka values with extended reaction
times, what indicates that alteration of the solid phase during the liabl
experiments are reasonable. The authors explained the trend of unretable
sorption values with a change in mineralogy as well (page 24),
therefore datapoints are considered as unreliable.
Data table Am/11: REF: Ikeda and Amaya (1998)*
JAEA-SDB version 4 — DATA: Am/Granitic rocks; granodiorite, #53535-53542
GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: Checkpoints I-b and II-a should be updated in SDB.
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 logarithmic Ka values is given, but for datapoints # class 1
53535-53538 limiting Ka values are provided. Datapoints # (revise
53539-53542 however are listed in SDB with error estimates. SDB)
II-a  SDB | As solid phase granodiorite is indicated. Mineral composition and | B (update
surface characteristics are not reported. SDB)
REF | Information about major mineral composition and chemical
composition are given. A BET of 0.7 m2?/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 —210 mV and —320 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 an other 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 2X1074M and 1.2 X1073 M in sodiumdithionite, to
keep reducing conditions.
REF | Final solution compositions are not given, but it is supposed that | A/B
no essential changes take place in the case of seawater.
Major mineralogy and chemical composition of the granodiorite C/D
are available. Final solution composition with distilled water and
the reported L/S can be estimated approximately.
II-e SDB | A temperature of 26°C is indicated. A/B
II-f SDB | It is indicated that for reactions 1 g of solid was added to either
39, 49 or 50 mL of solution. With a BET value of 0.7 m?/g, rating | C/D
C/D is applied.
II-g  SDB | The sorption values (calculated from Ka and L/S ratios) are all o/

>98%.
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II-h  SDB | Initial Am concentrations of 1.5X10719 and 1.6 X107 10 M are
reported. Based on the data in Rai et al. (1999b) it is assumed that
initial [Am] was clearly below the respective solubility limit for
the reported data around pH 6. For the data around pH 8 Am is
likely below the solubility limit.
- # 53535-53538 A
- # 53539-53542 C/D
111 SDB | Two different filtration proceedures were applied and similar
results are reported: filtration with 0.45 um membranes and with | A
10,000 MW CO-filters.
11+ 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
1I-1 REF | No isotherm is available. Limited variation of L/S is indicated for
experiments with seawater. No variation in L/S or [Am] had been
indicated for experiments with distilled water.
- # 53535-53538 C/D
- # 53539-53542 B
II'm REF | The experiments were carried out in teflon vessels. There is no B
information about blank measurements or sorption on vessel .
. (tentative)
walls given.
II'n  SDB | It is indicated that replicates are not reported. Error information
is available for datapoints # 53539-53542.
REF | Two repetitions are reported (probably concerning datapoints # A
53539-53542 only). (tentative)
No repetitions are reported for datapoints # 53535-53538. D
II-o SDB | No parameter variation had been done for experiments with D
distilled water.
L/S had been varied for experiments performed with seawater. C
Data table Am/12: REF: Kitamura et al. (1999a)
JAEA-SDB version 4 — DATA: Am/Granitic rocks; granite, #62982-63016
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
Ib SDB| The Ka values are extracted from a graph with distribution
.. . class 3
coefficients as a function of pH.
II-a SDB| As solid phase granite is indicated. Mineral composition is not
indicated. Mesh size and specific surface area are reported.
REF| The granite sample had been a biotite granite from Inada, B
Ibaraki, Japan, purchased from Nichika Co. Granite samples had
been crushed and washed with 0.5 M HCI. Sample treatment may
have led to minor changes.
II-b SDB| Final exact pH values are indicated. Inert NaClO4 electrolyte
solution had been used and the pH was adjusted by addition of A
either HC1O4 or NaOH.
II-c SDB| Am with the oxidation state (+III) is reported. It is indicated that
experiments had been performed under inert Ar atmosphere. Am | A/B

1s not redox sensitive.
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REF| Experiments had been performed in an argon filled glove box to
avoid contamination and complexation by carbonate.
II-d SDB| 0.01 M and 0.1 M NaClOys electrolyte solutions are indicated. It is
assumed that no changes of the solution composition had taken A/B
place during the equilibration procedure due to antecedent
sample treatment (see checkpoint II-a).
II-e SDB| A temperature of 24°C is indicated. A/B
II-f SDB| It is indicated that 0.1 g of granite powder was added to 4.0 mL of
electrolyte solution. Based on the given BET value of 0.11 m?2/g, C/D
the surface area of added granite is about 0.011 m2.
II-¢g SDB| The sorption values are calculated from Kq and L/S ratios:
- # 62982 to # 62986 and # 62997 to 63007 (26%~94% sorption) | A
- # 62987 and # 63008 (97% and 98% sorption) B
- # 62988 to # 62996 and # 63009 to # 63016 (>98% sorption) C/D
II'h SDB| An initial Am concentration of 1.8 X 10710 M is reported. Based on
the data in Rai et al. (1999b) and calculations with Phreeqci
2.12.5 using the thermodynamic data in the NAGRA PSI A
thermodynamic database (Hummel et al., 2002), the initial [Am]
was clearly below the respective solubility limit (by a factor >5) for
the reported data.
II-1 SDB| It is indicated that the samples had first been centrifuged at 3000 B
rpm and then filtered with 0.45 um membranes.
11+ SDB| A reaction time of 7 days is indicated. No further (kinetic) c/D
information is provided.
1I-k REF| Samples were shaken during the contact time. A/B
II-1 SDB| No isotherm is available. No variation in L/S or [Am] had been o/
indicated
II'm REF| The experiments were carried out in polypropylene tubes. There is B
no information about blank measurements or sorption on vessel (t .
. entative)
walls given.
II'n SDB| It is indicated that replicates are not reported and no error D
information is available.
IT-o SDB| Variation of pH over a range of 2 to 12 at two different electrolyte B
concentrations had been performed.
Data table Am/13: REF: Nakayama et al. (1986)*
JAEA-SDB version 4 — DATA: Am/Granitic rocks; granite, #56795-56806
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for checkpoints I-a.2 and II-c.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | It is indicated that redox state of Am and reaction temperature are | Yes
not reported. (tentative)
REF | Batch sorption experiments had been performed at room tempera- | (update
ture with Am(III). SDB)
I-b SDB | A table with Ka values is given. class 1
II-a  SDB | As solid phase Inada and Rokko granite are indicated. Mineral
compositions are not reported. Mesh sizes of the granite samples c/D
are indicated. BET is given for datapoints # 56795-56799.
REF | Major and minor mineralogy are not reported.
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IIb SDB | Final limiting pH values are indicated. B
REF | Approximate pH values are reported (e.g. pH ~7).
II-c  SDB | It is indicated that experiments had been performed under aerobic
.. X o A/B
conditions. Eh values are not reported. Am is not redox sensitive. (update
The oxidation state of Am is not indicated. SSB)
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 including impurities is lacking as well,
it is impossible to estimate the final solution composition.
Data table Am/14: REF: Pinnioja et al. (1984)*
JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #57264, #57265
GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: Checkpoints II-e, II-f, II-m and II-n should be updated.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2  SDB | All mandatory information is provided. Yes
Ib REF | Kq is given in tabular form class 1
II-a SDB | As solid phases tonalite and rapaviki granite are indicated. Major
mineralogy and BET are known. The soil was pretreated with A
synthetic groundwater 3~4 times so that minor impurities had
been washed out.
II-b SDB | Only initial pH-values are reported for the artificial groundwater. | C
II-c SDB | It is indicated that experiments had been performed under A/B
oxidizing conditions (air). Am(III) is not redox sensitive.
II-d SDB | Allard water is indicated as synthetic groundwater and its
composition is tabulated.
REF | Details about experimental procedure for the batch experiments AB
are described elsewhere: Before labeling, the soil was equilibrated
with the groundwater by sequential shaking with three to four
portions of 100 mL of water.
II-e SDB | It is indicated that temperature is not reported. (update
REF | It is reported that experiments had been performed at 20°C. SDB)
A/B
II-f SDB | A solid to liquid ratio of 10 mL/g is indicated. The respective (update
amounts are not reported. SDB)
REF | It is reported that 10 g of wet soil were added to 100 mL of
groundwater. With a BET of 0.27 m2/g (tonalite) and 0.54 (granite)
a surface area of 2.7 respectively 5.4 m2/g per reaction vial are
obtained:
-#57264 (tonalite) C/D
#57265 (granite) A/B
II-g SDB | Sorption is in all cases calculated to be >99% sorbed. C/D
II-h SDB | Initial [Am] of 1.1 X 1079 M is indicated.
REF | Based on speciation calculations (for 20°C) with Phreeqci 2.14.3
using the thermodynamic data in NAGRA-PSI (Hummel et al., A

2002) the initial Am concentration is clearly below the solubility
limited.
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II-i REF | It is reported that samples were centrifuged at 13,000 g and
. B
filtered over 0.45 um membranes.
115 SDB | An equilibration time of 7 days is indicated. Before labeling the c/D
soil was equilibrated with the groundwater.
II-k REF | Samples had been shaken during experiments. A/B
11-1 SDB | No variation in [Am] or the L/S is indicated. C/D
II'm REF | Polycarbonate centrifuge tubes were used for equilibration as well | (update
as phase separation. Corrections for adsorption to the tube walls SDB)
had been made, but proceeding is not described in detail. C/D
II'n SDB | It is indicated that no error estimates are reported. (update
REF | It is reported that errors are based on 2 to 4 parallel Kq SDB)
determinations. A
II-o REF | No parameter variation is indicated. D
Data table Am/15: REF: Suksi et al. (1987)*
JAEA-SDB version 4 - DATA: Am/Granitic rocks; granite, #59374, #59375
GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: Update of SDB required for
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
It is reported that the major aqueous species measured was (tentative)
Am(OH)2* with oxidation state +III. (update
SDB)
I-b SDB | A table with Ka values is given. class 1
II-a SDB | As solid phase granite are 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 an other reducing
agent had been done. For this reason rating C/D is applied.
II-d SDB | The solution composition of granite 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 (2.5X 1073 M).
II-e SDB | A temperature of 60°C is indicated. A/B
II-f SDB | A L/S of 5 mL/g is indicated. Although any information about the
specific surface area is lacking. 1g of solid per reaction vial is A/B
assumed to be enough.
II-¢ SDB | The sorption values (calculated from Ka and L/S ratio) are all
>99.8%. C/D
II-h SDB | An initial Am concentration of 1.0X10719 M is indicated. Based
REF | on speciation calculations (for 60°C) with Phreeqci 2.14.3 using the A

thermodynamic data in the NAGRA-PSI thermodynamic database
(Hummel et al., 2002) the initial Am concentration is clearly below
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(factor>5) the solubility limited at the reported pH of 9.2 (due to
the AmSiO(OH)s2+ and Am(CO3)2~ species.

IT-i SDB

Centrifugation only and centrifugation combined with two
different filtration procedures were applied (0.45 pm and 10,000
MWCO). The more effective the separation procedure, the higher
were the Kq values. These results indicate colloid formation or
sorption to the filter membranes.

unreliable

Data table Am/16: REF: Allard and Beall (1979)*
JAEA-SDB version 4 — DATA: Am/Other minerals; Al-oxide/-hydroxide, #42201, #42205
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Checkpoints II-h and II-j should be revised in SDB.

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 ranges of logarithmic Kq values is given. class 5
II-a SDB | As solid phases corundum and gibbsite are reported. CEC or BET

values are not reported.

REF | Surface characteristics of the pure minerals are not reported.

Samples had been obtained from Ward's Natural Science B
Establishment and were not further treated. Approximate surface
characteristics of the pure solids can be obtained from the
literature.
II-b SDB | Final pH values were measured and a pH range is reported. B
II-c SDB | It is indicated that no redox conditions are reported. Am(III) is not AB
redox sensitive.
II-d  SDB | It is indicated that the solution consisted of solid-equilibrated AB
artificial groundwater. The final solution composition is reported.
II-e  SDB | It is indicated that experiments had been performed at room AB
temperature.
II-f SDB | Rating is done based on the indicated L/S ratio (0.067~0.1 L/g). C/D
II-g  SDB | The sorption values (calculated from Kq and L/S ratios) result in
94% and 97%:
< # 42201 A
< # 42205 B
II'h  SDB | An initial Am concentration of 1.0X10 5t0 1.0X10 4 M is
indicated.

REF | An initial Am concentrations of about 10~9 M is reported. Based on A (rovi
speciation calculations (for 25°C) with Phreeqci 2.12.5 using the SDIE)V 15¢
thermodynamic data in JNC-TDB_011213c2 and NAGRA-PSI
thermodynamic database (Hummel et al., 2002) the initial Am
concentration is clearly below the solubility limit.

II-i SDB | It is indicated that samples had been centrifuged for 60 min. at
C/D
4,000g max.
II-j SDB | A contact time of 7 days is indicated.

REF | Areaction time of 5 days after addition of the radionuclide is C/D (revise
indicated. Before spiking the solutions, the synthetic groundwater | SDB)
was pre-equilibrated with the pre-washed solid during 5 days.

II-k REF | No agitation method is indicated. C/D
II-1 SDB | No variation in [Am] or the L/S is indicated. C/D
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II'm REF | There is no information about the reaction vessel. Based on blank c/D
measurements adsorption to the vessel walls had been corrected.

II'n REF | No error information is available. D

IT-o SDB | It is indicated that no error information is available. D

Data table Am/17: REF: Allard and Beall (1979)*
JAEA-SDB version 4 — DATA: Am/Other minerals; Fe-oxide/-hydroxide, #42207, #42210
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Data of checkpoints II-h and II-j should be revised/corrected in SDB.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
Ib SDB | It is indicated that logarithmic Kq values are given, but only
ranges of Ka values are provided, therefore rating class 5 is class 5
applied.
II-a  SDB | As solid phases hematite and magnetite are reported. CEC or BET
values are not reported.

REF | Surface characteristics of the pure minerals are known. Samples | A
had been obtained from Ward's Natural Science Establishment
and were not treated further.

1I-b SDB | Final pH values were measured and a pH range is reported. B
II-c SDB | It is indicated that no redox conditions are reported. Am(III) is not
redox sensitive. A/B

REF | It is assumed that experiments had been performed under
ambient conditions.

II-d SDB | The groundwater composition (Allard water) is indicated.

REF | It is indicated that the solution consisted of solid-equilibrated
artificial groundwater. The resulting solution composition is
reported.

II-e REF | It is indicated that experiments had been performed at room AB
temperature.

II-f REF | Rating is done based on the indicated L/S ratio (0.067~0.1 L/g). A/B

II-g  SDB | The sorption values (calculated from Ka and L/S ratios) result in B
97% and 98%.

II-h  SDB | An initial Am concentration of 1.0X1075t0 1.0X10 4 M is
indicated.

REF | An initial Am concentrations of about 10 9 M is reported. Based on | A (revise
speciation calculations (for 25°C) with Phreeqci 2.12.5 using the SDB)
thermodynamic data in JNC-TDB_011213c2 and NAGRA-PSI the
initial Am concentration is clearly below the solubility limit.

II-i SDB | It is indicated, that samples had been centrifuged for 60 min. at
C/D
4,000g max.
114 SDB | A contact time of 7 days is indicated.
REF | Areaction time of 5 days is indicated after addition of the .
. : a . ) C/D (revise
radionuclide. Before spiking the solutions, the synthetic SDB)
groundwater was pre-equilibrated with the pre-washed solid
during 5 days.
II-k  REF | No agitation method is indicated. C/D
1I-1 SDB | No variation in [Am] or the L/S is indicated. C/D
II'm REF | There is no information about the reaction vessel. Blank measure- | C/D
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ments had been performed to correct adsorption to the vessel
walls.

IIm SDB

It is indicated that no error information is available.

II-o REF

No parameter variation is indicated.

Data table Am/18: REF: Degueldre et al. (1994)*
JAEA-SDB version 4 — DATA: Am/Other minerals; Fe-oxide/-hydroxide, #50234, #50235
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: In the reference a pre-study (to determine the effect of colloid concentration) and
main studies (batch sorption experiment and dialysis test) are reported. It is
unclear to which study the SDB entries correspond to. Update SDB for

additional datapoints (only 2 out of 6 datapoints available).

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 graph with log Ka at different /S and a graph with log Kq at
different carbonate concentrations is provided. It is not clear class 5
which data the given Kq's in the SDB do correspond to. (update
REF | Dialysis test experiments and batch sorption measurements are SDB)
described.
II-a  SDB | Hematite is reported as mineral phase. CEC or surface area is not B
reported. However surface characteristics of hematite are known.
II-b  SDB | Final pH values are given.
REF | 0.01 M Tris-buffer was added at the experimental setup to adjust | A
pH to 8.
II-c SDB | No redox conditions are indicated. It is assumed that experiments
. o . A/B
had been performed under ambient conditions. Am is not redox t .
.- entative)
sensitive.
II-d  SDB | It is indicated that the solution consisted of 0.01 M carbonate and
0.001 M Tris-buffer.
REF | It is indicated that solutions consisted of 0.01 M carbonate and
0.01 M Tris-buffer for dialysis experiments. For batch reaction A/B
experiments the Tris-buffer was 0.001 M in concentration.
Due to the simplicity of the given solutions, the final solution
composition can be estimated.
II-e SDB | Temperature is not specified. C/D
II-f SDB | A solution/solid ratio of 3125 and 1,000,000 mL/g is indicated. It is
not indicated how much solid was used per reaction vial. C/D
REF | It is not clear how much solid per reaction vial was used.
II-g  SDB | Rating is done based on %-sorbed values calculated from the
information given in the SDB:
- #50234 (26% sorbed) A
- #50235 (>99.9% sorbed) C/D
II-h  SDB | The initial Am concentration is indicated to be 8.5X 10710 M.
Based on Phreeqci-2.12.5 calculations (database: A/B
JNC-TDB_011213c2 and NAGRA-PSI) for the indicated solution,
the initial [Am] is below the calculated solubility limit of 3.9 X 10~
REF |6 M. (update
SDB)

For batch sorption experiments an initial Am concentration of
3.6 X109 M is given.
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II-i SDB | Filtration over 30 nm pored filters is indicated.
REF | A polycarbonate membrane with a pore size of 30 nm was used as c/D
membrane in the dialysis tests. Batch reaction mixtures were
filtered with polycarbonate filters of 30 nm pore size.
11 SDB | It is indicated that a contact time of 5 days had been used. C/D
II'’k  REF | For mixing the samples were allowed to equilibrate on a shaking A/B
mashine during the whole reaction time of at least 5 days.
II-1 SDB | No isotherm is available, but dialysis tests had been setup with
. B
different L/S.
II'-m REF | Polyethylene test tubes are indicated for the dialysis tests. It is as
sumed that batch reaction experiments were setup equally. c/D
Corrections for sorption on vessel walls had been performed by
substraction of blank tests.
II'm  SDB | It is indicated that no error estimation is reported. A (update
REF | All tests, including the blanks were run in duplicate and P
. . : SDB)
uncertainty bars are given in the graphs.
II-o SDB | Experiments had been performed with different L/S and B

carbonate concentrations.

Data table Am/19: REF: Higgo et al. (1983)*
JAEA-SDB version 4 — DATA: Am/Other minerals; Fe-oxide/-hydroxide, #53056-53060
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Checkpoints II-a, II-b, II-e, II-f and II-n should be revised/updated in SDB

Checkpoint | Evaluation Rating
I-a.1 REF | All mandatory fields are completed. Yes
Ira.2 REF | All mandatory information is provided. Yes
Ib Ka is given in tabular form. class 1
II-a  SDB | As solid phases amorphous Mn and Fe are indicated. Specific
surface area and CEC values are given. C/D (revise
REF | Amorphous Mn hydroxides and Fe oxihydroxides are reported.
) . X ; SDB)
Major and minor mineralogy of these compounds is known. Sample
treatment may have led to minor changes (see II-j).
II-b SDB | It is indicated that exact final pH values are reported. B (revise
REF | Afinal pH between 7.7 and 8.2 is reported. SDB)
II-c SDB | It is indicated that no redox conditions are reported. Am(III) is not
redox sensitive.
REF | It is reported that the samples were never allowed to dry out, and AB
that Eh was not controlled. Due to the Fe- or Mn-(hydr)oxide
containing solids, it can be assumed that at least slightly oxidizing
conditions were prevalent throughout.
II-d  SDB | Seawater is indicated.
REF | The critical major components are approximately known. Minor
C/D
components may be unknown. Charge balance cannot be
calculated, but seawater can be expected to be well poised.
II-e SDB | It is indicated that temperature is not reported. (update
REF | It is reported that temperature was kept at 4°C at all times. SDB)
A/B
II-f SDB | It is indicated that this information is not provided. (update
REF | It is reported that 50~100 mg of solid were added to 30 mL of SDB)
seawater. This equals a I/S ratio of 0.3~0.6 m3/kg. C/D
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II-g  SDB | Sorption is in all cases calculated to be >99% sorbed. C/D

II'h  SDB | Initial [Am] ranging from 2.0 <10 10 M to 1.8 X 9 M is indicated.
Based on the data in Rai et al. (1999b) it is estimated that initial
[Am] was below the respective solubility limit, but maybe by a
factor <5.

REF | Higgo et al. (1983) report that a small Am-fraction (in a more B
concentrated solution, no details given) may not be in true solution,
based on filtration with 0.025~0.22 pm membranes. Based on the
above and information in the REF, it is estimated that this result
may be related to colloids in the seawater; rating B is retained.

II-i SDB | Centrifugation (7,000 rpm/180 min) is indicated. C/D

II- SDB | Kq values measured after various equilibration times (7, 28 and 56
days) show no tendency to approach equilibrium. However a
reaction time of 28 or 56 days is considered to be reasonably long to | C/D
reach near equilibrium. It is assumed that more complex reactions
may have had occured due to instability of the solid phase.

II-k REF | Agitation by an automatic shaker is reported. A/B

I1-1 SDB | No substancial variation in [Am] or the L/S is indicated. C/D

II-m REF | Polycarbonate centrifuge tubes were used for equilibration as well

as phase separation. No correction for wall effects was done. B
II'n  SDB | Error estimates are indicated, but it is not indicated whether
. (update
samples had been replicated. SDB)
REF | It is reported that errors are based on analytical counting statistics C
only.
II-o SDB | No significant parameter variation is indicated. D

Data table Am/20: REF: Righetto et al. (1988)*

JAEA-SDB version 4 — DATA: Am/Other minerals; Al-oxide/-hydroxide, #58542-58544

GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Only three datapoints are listed in the SDB, due to the original selection of data
in the context of sorption onto bentonite. Additional information about sorption
of Am on aluminum oxide e.g. in presence of carbonate in solution is provided in
the reference. Update of SDB required for checkpoints II-c, II-f, II-1, and II-o.

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 | Alinear graph with % sorbed is given. class 4

II-a  SDB | As solid phase aluminum oxide is reported. CEC and BET values
are indicated.

REF | The solid phase (Aluminium oxide C) was purchased from A
Degussa.
II-b SDB | Final discrete pH-values are indicated and a NaClOs electrolyte A
solution was used for the experiments.
II-c SDB | It is indicated that Am in the oxidation state III was used. No A/B
information about the redox/atmospheric conditions are provided. (update
REF | Experiments had been performed under oxic conditions. However, S]gB)
Am(II) is not redox sensitive.
II-d SDB | It is indicated that the solution was 0.1 M in NaClOu (post A/B

equilibration).

II-e REF | Temperature is not specified, but it is assumed that experiments C/D
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were done under ambient conditions.

II-f SDB | The indicated L/S ratio of 1000 L/g is incorrect.
REF | Rating is done based on the indicated L/S ratio (100 L/g). Witha | C/D (revise
BET of 130 m2/g and assumed that 0.01 g per reaction vial were SDB)
used, a surface of 1.3 m?/vial is obtained.
II-g  SDB | The sorption values are calculated from Kaq and L/S ratios and
range from 12% to 96%.
- # 58542/58543 (55% / 12%) A
- # 58544 (96%) B
II-h  SDB | An initial Am concentration of 5X 10710 M is reported. Based on
the data in Rai et al. (1999b) it is assumed that initial [Am] was A
below the respective solubility limit by a factor of about 1,000.
II-1 SDB | It is indicated that samples had been centrifuged for 60 min. at B
55,000 rpm (ultracentrifugation).
114 SDB | The radionuclide was allowed to react for 7 days.
REF | The radionuclide was added after one month of pre-equilibration AB
time. It is reported that reaction time was determined by
preliminary kinetic runs.
II-’k  REF | The samples were mechanically shaken. A/B
II-1 SDB | No variation in [Am] or the L/S is indicated. B (update
REF | Experiments with a different L/S are reported. SDB)
II'm REF | Reactions had been done in polyallomer ultracentrifuge tubes
"quick seal" of Beckman. Parallel experiments without B
centrifugation were performed to quantify the nuclide adsorption
on the tube walls. Apparantly no corrections had been done.
II'n  SDB | No error information is available. D
II-o SDB | pH had been varied. C
REF | Additional experiments are reported (datapoints not in SDB) (maybe
where sorption on aluminum oxide at different electrolyte and update
carbonate concentrations had been studied. SDB)
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3.1.2 Cesium

Data table Cs/1: REF: Allard et al. (1979b)
JAEA-SDB version 4 - DATA: Cs/Granitic rocks; granite, #42301-42312

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 log Ka values is provided. class 1
II-a SDB | As solid phase granite is indicated. Mineralogy and surface
L C/D
characteristics are not reported.
IT-b SDB | Initial pH values are indicated. C
II-c SDB | Experiments had been performed under aerobic conditions. Cs is AB
not a redox sensitive element.
II-d SDB | Detailed compositions of two synthetic groundwaters Aq293 and
. A/B
Aq1105 are indicated.
II-e SDB | A temperature of 25 and 65°C is indicated. A/B
II-f SDB | A L/S ratio of 10~50 mL/g is indicated.

REF | An apparent surface to mass ratio of 3 m2/kg is reported for Cs on
granite. Assumed that this is the specific surface of granite, the C/D
total surface is at most 0.01 m2/vial with 1~3 g of solid phase per
reaction vial.

II-g SDB | Rating is done based on %-sorbed values calculated from the
information given in the SDB. Calculating with the least L/S of
100, the following sorption values are obtained:
-#42303(96%) and #42301(97%) B
-#42301, 42302, 42305-42312(67~93%) A
II-h SDB | Initial [Cs] is reported to be 1.0>X1078 to 1.0 X 1075 M. Cs is not A
solubility limited.
II-1 SDB | It is indicated that samples had been centrifuged for 50 minutes at
7,000 rpm and filtered over 0.2 um membrane filter. A
It is reported that filtration did not change the sorption values.
11 SDB | A contact time of 7 and 180 days is indicated. The Ka values for Cs
are for both reaction times in the same range, not as for Th and A/B
Am.
II-k REF | The samples were shaken. A/B
II-1 SDB | There are two initial Cs indicated. No variation in L/S is reported. | B
II'm  REF | The experiments were carried out in glass bottles. Corrections for
. C/D
sorption on the vessel walls have not been bone.
II'n REF | No error estimates are indicated for the Ka values. Number of D
replicates is not reported.
II-o REF | Experiments had been done with two different [Cs] and at two B

different reaction temperatures.
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Data table Cs/2: REF: Andersson et al. (1983b)*

JAEA-SDB version 4 - DATA: Cs/Granitic rocks; granite, gneiss, #43989-44010
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Designation of the different solid phases is incorrect and not consistent

(checkpoint II-a). It is recommended to keep original designations. Checkpoints
II-a, II-f and II-1 of SDB should be update/revised.

Checkpoint | Evaluation Rating

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

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

It is indicated that for datapoints #43991-43993, 43995, 43997,
43999, 44001, 44004 and 44005 no L/S, no pH and no contact time
1s reported. Yes

REF | It is not clear from the information provided, if experiments with | unreliable
different ionic medium (Ka values in table 7, p.20) were made with
the same experimental conditions as described for batch
experiments. These datapoints are classified as unreliable.

I-b SDB | Table with Kq values is given. class 1

II-a SDB | As solid phase gneiss, and granite#2 to #6 are indicated. Major
mineralogy of granite#2 to #4 is given. Surface characteristics and
CEC are not indicated. No information at all is given for granite#6. | C/D
Granite #4 correspond to datapoint #44010 and granite#6 to (revise
datapoint #44008. SDB)
REF | As solid phases Stripa granite, Finisjon granite, Studsvik gneiss
and Blekinge gneiss are reported.

II-b SDB | For datapoints #44007 to 44010 a final pH within a range of 1 pH | D
unit is given.
For all other datapoints a final pH within a range of 2 to 4 pH unreliable
units are given, therefore these datapoints are considered as
unreliable and not further classified.

II-c SDB | It is indicated that experiments had been performed under aerobic

conditions. Cs is not redox sensitive. A/B
II-d SDB | Initial solution composition (synthetic groundwater) is indicated.
The final solution composition is not reported, but can be c/D
REF | estimated based on major mineral components and initial solution
composition.
II-e SDB | A temperature of 22°C is reported. A/B
II-f SDB | A L/S ratio of 10~20 mL/g is indicated. c/D
REF | Experiments had been performed with 0.5 to 1 g of solid in 45 mL (revise

solution. This corresponds to a L/S of 45~90. Since there is no
i . . SDB)
surface area reported, rating C/D is applied.

II-¢ SDB | The sorption values are calculated from Kq and L/S ratios:
-#44007(88% sorption) A
“#44008 to 44010(>98% sorption) C/D

II'h  SDB | Initial [Cs] of 1.0X 1078 to 1.0 X 10~7 M is reported. Cs is not A
REF | solubility limited.

II- SDB | It is indicated that centrifugation was used for phase separation. C/D
Samples had been centrifuged for 1 hour at 4,000g. (update
SDB)
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Data table Cs/3: REF: Barney and Anderson (1979)*

JAEA-SDB version 4 - DATA: Cs/Granitic rocks; granite, #44250~44255
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Update required for checkpoint II-c.

Checkpoint | Evaluation Rating
I-a.1  SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided.
Information about the pH (initial and final), the groundwater N
composition and the mineralogy is missing. See checkpoints II-a, ©
II-b and II-d for annotations.
I-b SDB | Table with Ka values is given. class 1
II-a SDB | As solid phase granite#1 and granite#2 is indicated. Mineralogy is
not reported. Specific surface area for granite#1 is given.

REF | The ‘granite’ used for experiments was fresh crushed quartz c/D
monzanite porphyry from the Nevada test site and a weathered
one. It is indicated that qualitative mineralogy is reported in a
previous report.

II-b SDB | It is indicated that no pH is reported. B
REF | It is reported that the pH was in average 8.4 and about constant (update
over 91 days. SDB)
II-c SDB | Redox conditions are not indicated. Initial Eh values are listed. Cs
is not redox sensitive. A/B
REF | Experiments had been performed under aerobic conditions.
II-d SDB | As water type groundwater is indicated. The solution composition
is not indicated.

REF | From dissolution curves for elemental components of granite in .
synthetic groundwater at different times it is concluded that no unreliable
equilibrium was reached even after a contact time of 35 days.

Sorption edge curves do affirm that equilibrium was not reached.
Data table Cs/4: REF: Barney and Brown (1979)*
JAEA-SDB version 4 - DATA: Cs/Granitic rocks; granite, #44328-44330
GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: Update of SDB required for checkpoint I-a.2, II-b and II-c.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. No
It is indicated that there is no information about reaction (upd
. .. .. update
temperature, pH, initial [Cs] and redox conditions. SDB)

REF | Necessary information for the mentioned points is reported.

II-a SDB | As solid phase granite#1, 2 and 3 are indicated. Mineralogy is not
indicated. For granite#1 BET and CEC, for granite#2 CEC is
indicated.

REF | The ‘granite’ used for experiments was fresh crushed quartz c/D
monzanite porphyry from the Nevada test site. There are two (tentative)
granite samples A and B reported with qualitative information
about mineralogy. Ka values are given for a fresh and two types of
weathered granite samples. However it is not clear from the data,
if these samples correspond to granite A or B.

II-b SDB | It is indicated that experimental pH is not reported. B
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REF | It is reported that the pH was about constant over the contact time | (update

of 154 days and was averaged 8.4. Since the pH is an average SDB)
value rating B is applied.
II-c SDB | It is indicated that redox conditions are not reported. Cs is not a
redox sensitive element. (update
REF | According the information provided by the authors it is assumed p
. . .. X SDB)
that experiments had been performed at aerobic conditions. It is A/B

reported that experiments had been made in sealed polyethylene
bottles.

II-d SDB | Groundwater is indicated as water type. The final solution
composition is not given.

REF | The composition of synthetic groundwater is reported. The
dissolution curve for element components of granite in
groundwater shows no equilibrium over a time period of 150 days. | unreliable
Also the sorption vs. time plot shows that equilibrium was not
reached before 150 days. Since the datapoints indicated in the
SDB correspond to a reaction time of 14 days, data are considered
as unreliable.

Data table Cs/5: REF: Benischek et al. (1992a)*
JAEA-SDB version 4 - DATA: Cs/Granitic rocks; granodiorite, granite-gneiss, mylonite,
#47310-47373
GUIDELINE: Revision 4b (May 19, 2005)
*REMARK: Necessary information e.g. pH values or solution composition are not entered in
the JAEA-SDB. SDB should be revised for checkpoint II-a, II-b, II-d, II-I, II-j for
further classification?.

Checkpoint | Evaluation Rating
I-a.1  SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. No
REF | Necessary information e.g. about pH are not indicated in the (revise
JAEA-SDB, although reported in the reference. SDB)

Data table Cs/6: REF: Byegard et al.(1998)*
JAEA-SDB version 4 —DATA: Cs/Granitic rocks; granite #62586-62603 and 62628-62630
and 62634-62636, diorite #62553-62573 and
62622-62627 and 62631-62633, mylonite #62616-62621
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Data for mylonite # 62616-62621 are also included in this entry of the SDB, but]
should be categorized under clay or other minerals, not under granitic rocks

Checkpoint | Evaluation Rating

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

I-a.2 SDB | Not all mandatory information is provided. Missing is the
information on phase separation.

REF | No phase separation technique was used. Spiked solutions were
(incompletely) extracted from the solid phases, followed by some No
type of rinsing process and desorption. It is not described how the
extraction was done. Based on the rating "No", the data cannot be
used. According to II-1, all data would also be rated as unreliable.
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Data table Cs/7: REF: Daniels (1981)*

JAEA-SDB version 4 - DATA: Cs/Granitic rocks; granite #50041-50062
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Update of SDB required for checkpoints II-a, II-b, II-d, II-f and II-g.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided.
For datapoints #50041, 50046, 50050, 50052, 50055 and 50058 it is
indicated that no information about pH is provided. See checkpoint | No
II-b for details. (update
For all other datapoints the information about L/S is not reported. | SDB)
It is mentioned that experimental conditions are reported
REF | elsewhere in cited reference.
I-b SDB | A table with Ka values is given. class 1
II-a SDB | As solid phase granite#1 and #2 are indicated. Mineral
compositions and surface characteristics are not reported. Fraction
sizes of the granite samples are indicated. B
REF | Mineralogy in volume percent of the climax stock granite samples | (update
is given in Erdal et al. (1979c). Surface areas of different fraction | SDB)
sizes are listed, however, not for the fraction sizes indicated in the
SDB.
II-b SDB | -It is indicated that for datapoints #50041, 50046, 50050, 50052, (update
50055 and 50058 no information about pH is reported. SDB)
- Distinct initial pH values are indicated for datapoints #50042, D
50043, 50048, 50049, 50051, 50054, 50056, 50057, 50061 and
50062. A
- Initial and final pH values are reported for datapoints #50044,
50045, 50047, 50053, 50059 and 50060.
REF | An initial pH of about 8 is reported for the two synthetic C
groundwaters used for the experiments in the cited reference
Erdal et al. (1980). Since this is not a distinct value, rating D is
applied for datapoints #50041, 50046, 50050, 50052, 50055 and
50058.
II-c SDB | It is indicated that for datapoints #50041, 50046, 50050, 50052,
50055 and 50058 no information about redox conditions are AB
REF | reported. For all other datapoints either atmosphere or controlled
atmosphere is indicated. Cs is not redox sensitive.
II-d SDB | As water type groundwater#1 and groundwater#2 are indicated.
Final solution compositions are not given.
REF | It is reported that for experiments the same conditions were used | (update
as in three cited references. In Erdal et al. (1980) the initial SDB)
composition of two synthetic groundwaters is described related to | C/D
Cs batch experiments. Rating C/D is applied because the final
solution compositions have to be estimated approximately.
II-e SDB | -For datapoints #50041, 50046, 50050, 50052, 50055 and 50058 no | C/D
reaction temperature is indicated.
*For all others a reaction temperature is reported. A/B
II-f SDB | The used amount of solid and liquid for experiments is not c/D
reported. (update
REF | In the cited reference Erdal et al. (1979c) it is reported that for S]gB)

reactions 1 g of solid was added to 20 mL of solution. With the
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given surface area of 4.0 and 3.3 m2/kg, measured with the
ethylene glycol method for granite#1 and #2 respectively, rating
C/D is applied.

TI-g SDB

REF

Only for datapoints #50041, 50046, 50050, 50052, 50055 and

50058 a L/S is indicated. For all other datapoints it is indicated

that the L/S is not reported. The sorption values calculated from

indicated Kq and L/S ratios are >98%.

With the given L/S of 20 mL/g in the cited Erdal et al. (1979¢c) the

following sorption values are calculated:

-#50048(54%), 50049(12%), 50051(95%), 50054(25%), 50056(8%),
50057(90%), 50059-50061(94%)

-#50042-50045(96~98%), 50053(95%), 50062(95%)

#50047(>98%)

II-h SDB

REF

Initial Cs-concentration of 1.02X 10710 t0 1.87X 1073 M is
indicated. Cs is not solubility limited.

For datapoints #50044, 50045, 50047, 50053, 50059 and 50090 no
[Cslinit is reported.

unreliable

II-i SDB

REF

Only for datapoints #50042, 50043, 50048, 50049, 50051, 50054,
50056, 50057, 50061 and 50062 the separation method is
indicated. These samples had been filtered over 0.45 pm
membrane.

For the datapoints without any separation technique indicated in
the SDB it is assumed that samples had been centrifuged for one
hour at 16,000 rpm, and afterwards filtered over 0.45 pm
membrane, as described in the cited reference Erdal et al. (1979c).

C/D
(update
SDB)

SDB
REF

I

Reaction times of 21, 42 and 84 days are indicated.

It is reported that there is an increase in sorption with time (p.19)
and that the changes that take place in granite with time are more
effective in changing the sorption of cesium than are the low
oxygen and carbon oxide concentrations present in the controlled
atmosphere experiment. Therefore the data are considered as
unreliable.

unreliable

Data table Cs/8: REF: Erdal et al.(1979a)*
JAEA-SDB version 4 -DATA: Cs/Granitic rocks; granite, #50772-50786

GUIDELINE:
* REMARK:

Revision 4b (May 19, 2005)

The extraction of datapoints is not systematical and comprehensive, and not all
datapoints given in the reference are listed in the SDB. It is noted in the REF
that experiments of the same batches measured several months later give
different results (by a factor of three). Revision of the SDB required for

checkpoints II-b, II-c, II-d, II-1, II-j, II-n

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 | The Kq values are listed in tables. class 1
II-a  SDB | Granite samples of different fraction sizes and with a specific B
surface area of 0.1 to 0.95 m?/g is indicated. Major composition of
the granite is indicated. update
The granite samples had been a Climax Stock granite from the S]§B
REF | Nevada test site. It had been crushed to fraction sizes of 106~150,
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250~355, and 500~850 pum.

IIb SDB | It is indicated that initial and final pH values are reported.
REF | However, initial pH values for the Cs batch experiments are
reported in the reference to be 7.69 for the experiments at ambient
temperature (p.24). A
The data of batch sorption experiments at 70°C show clearly (p. 32 revise SDB
and 41) that steady state was not reached after a contact time of
more than 60 days. Changes in the solid phase cannot be excluded | \;yyeligble
as the noted in the REF (p.24). The datapoints measured at 70°C
are therefore considered as unreliable.
- # 50776, 50777, 50780, 50781, 50784, and 50785
II-c SDB | It is indicated that experiments had been performed under aerobic | A/B
conditions. Cs is not a redox sensitive element. (revise
For the Eh values zero instead of n.r. is indicated in the SDB. SDB)
II-d SDB | Different synthetic groundwaters are indicated. The initial
composition of the solutions is given.
The final solution composition is not reported but can be estimated c/D
based on the information about the main mineral composition. (tentative)
There may be minor solution components that cannot be
estimated. (verif
Remark: it seems to be unclear how the different groundwaters SDB)y
were assigned to the different datapoints in the SDB, since it is
not clearly tabulated in the reference.
II-e SDB | A reaction temperature of 22°C is indicated. A/B
II-f SDB | A L/S of 20 ml/g is indicated.
REF | Based on the given surface area of 0.1 to 0.95 m?/g, the massof 1 g c/D
granite used in the experiment has a surface area of maximum
0.95 m2.
II-g  SDB | The sorption values were calculated based on the information
given in the SDB.
- # 50773, 50775, 50779, 50783 (86~93%) A
- # 50772, 50774, 50778, 50782, 50786 (95~97%) B
II'h  SDB | Initial [Cs] is indicated (1.4 X 109 mol/L). Cs is not solubility A
limited.
II-i SDB | It is indicated that no separation method is reported. B (revise
REF | Samples had been centrifuged for one hour at 16,000 rpm, and SDB)
then filtered through a 0.45 um membrane.
II-j SDB | Contact times of 56 and 66 days are indicated. The measurements | A/B
of the two batches (both experiments measured at ambient (update
temperature) several months later differ by a factor of about three. | SDB)
II'k  REF | The reaction vessels were shaken. A/B
1I-1 REF | No variation of either Cs concentration or in L/S had been c/D
performed.
II'm REF | The experiments had been performed in polyethylene tubes and B
corrections for sorption on vessel walls had not been made.
II'n SDB | It is indicated that no information is repported. C (update
REF | No replicate measurements had been made. Standard deviations SDBI))
are given.
II-o REF | No parameter variation was performed. D
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Data table Cs/9: REF: Erdal(1980)*

JAEA-SDB version 4 -DATA: Cs/Granitic rocks, granite # 51198, 51199
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Update or revision of SDB required for checkpoints II-1 and II-n.

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 Kq values is given. class 1
II-a  SDB | Granite is reported as mineral phase without detailed C/D
mineralogical composition. Surface area or CEC are not provided. |(tentative)
Fraction sizes are given.
REF | At least partly, this information is given (see II-f). update SDB
II-b  SDB | Initial and final pH values are reported. A
II-c SDB | It is indicated that experiments had been performed under anoxic
" . - A/B
conditions. Cs is not redox sensitive.
II-d  SDB | As water type groundwater is indicated. Final solution composi-
tions are not given.

REF | It is indicated that the same groundwater was used for update SDB
experiments as described in cited references. However there are C/D
different groundwater compositions (synthetic groundwater and (tentantive)
groundwaters after equilibration) given in the cited literature. It
is assumed that the synthetic groundwater was used.

II-e SDB | A temperature of 32°C is indicated. A/B
II-f SDB | AL/S of 20 mL/g is indicated.

REF | Based on the table with given specific surface areas at different
fraction sizes of Climax granite core 7, the mass of 1 g granite
used for an experiment had a surface area of about 3 to 11 m2.

« # 51198 (<75 um, assuming 1 g > 5 m?2) A/B
« # 51199 (75~500 pm, assuming 1 g < 5 m?2) C/D
II-g  SDB | The sorption values were calculated based on the information
given in the SDB.
- # 51198 (97%) B
- # 51199 (99%) C/D
II-h  SDB | Initial [Cs] is reported. Cs is not solubility limited. A
II-1 SDB | It is indicated that no separation method is reported. C/D (revise
REF | Supernatant had been several times centrifuged at 12,000 rpm. SDB)
II4 SDB | Areaction time of 20.63 days is indicated. oD
REF | The kinetics of sorption are not reported.
II'’k  REF | Samples had been shaken. A/B
II-1 SDB | No isotherm, no variation of the Cs concentration and no variation
L C/D
of L/S is indicated.
II'm REF | Polypropylene tubes were used for experiments and no corrections B
for sorption on the vessel walls had been performed.
II'n SDB | It is indicated that three replicates and error estimates are

REF | reported.

The error estimates given are the standard deviations for a single | C (revise
measurement of the Kq values. Replicate measurements or SDB)
experiments are not reported.

II-o REF | No parameter variation is done. D
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Data table Cs/10: REF: Eriksen and Locklund(1987)*

JAEA-SDB version 4 -DATA: Cs/Granitic rocks; granite, #51424-51444
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Update required for checkpoints I-a.2, I-b, II-a, II-b, II-c, II-d, II-1, IT-j. It is not

clear which data exactly are taken from the REF (read off from which graphs,
for which contact times, etc.). This needs to be clarified (see II-j).

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Not all mandatory information is provided. .
It is indicated that pH values, contact time, phase separation revise
.. ; SDB
methods, atmosphere conditions, and reaction temperature are not Yos
reported. (tentative)
REF | The missing information is available.
I-b SDB | It is indicated that Ka values are calculated
REF | Kavalues are from linear graphics. Except for the point # 51439, class 3
all datapoints are given as a function of 1/d with d as the (tentative)
arithmetic mean of the particle size fraction. to be
The quality of graphs is questionable. It is assumed that data has | verified
been read off correctly by the operator.
II-a  SDB | Fourteen granite samples are reported as solid phases (different
fraction sizes). Mineral composition and surface characteristics
are not indicated. C/D
The granite samples should be specified more precisely. (update
REF | Granitic drill cores from the Stripa mine were used for the SDB)
experiments. The cation exchange capacities of the mean fraction
sizes (d) of the samples are given in a plot CEC versus 1/d.
II-b SDB | It is indicated that no pH values are reported. D (revise
REF | The initial pH of the artificial groundwater is given. It is 8 to 8.2. | SDB)
II-c SDB | It is indicated that redox conditions or Eh values are not reported. AB
Cs is not redox sensitive. (revise
REF | The Eh of artificial groundwater is 260 mV, and the groundwater SDB)
was used under aerobic conditions.
II-d  SDB | It is indicated that synthetic groundwater was used for
experiments. Initial or final composition of the groundwater
. . update
however is not given. SDB
REF | The composition of the artificial groundwater is tabulated. Rating c/D
C/D is applied because the final solution compositions have to be
estimated approximately.
II-e SDB | Temperature is not reported. c/D
REF | No additional information is available.
II-f SDB | Aliquid/solid ratio of 30 mL/g is reported.
REF | It is reported that standard-scale experiments used 3 mL of
solution and 0.1 g of solid. BET values of the samples are not C/D
reported. Since BET values of granite are usually below 5 m2/g
rating C/D is applied.
II-g  REF | The sorption value (calculated from Ka and L/S ratios) ranges A
between 17% and 90%.
II'h  SDB | Initial [Cs] is reported as 1.1 X 10 2 mol/L. Since Cs is not A
solubility limited, the datapoints are classified as A.
II-i SDB | Centrifugation without any further details is indicated. update
REF | It is reported that filtration (not specified) was applied for SDB
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separation. C/D
I+ SDB | It is indicated that no reaction time is reported (except datapoint #
51439). /D
REF | Contact times of 48 hours and 7 days are reported. From graphs it (t .
el . entative)
seems that equilibrium was reached after about 100 min. It needs .
to be verified that the data entered in the SDB are read off for the | ©' >C SDB
correct conditions.
II-’k  REF | There is no information about the agitation method. C/D
1I-1 REF | No variation in L/S or initial Cs concentration is indicated. C/D
II'm REF | The experiments were carried out in polypropylene tubes.
Corrections for sorption on the vessel wall had been performed, C/D
but no details are provided.
II'n SDB | It is indicated that no error estimates are reported.
REF | Experimental error bars are given in the graphics, but thereisno | D
information about their derivation, therefore rating D is applied.
II-o REF | No parameter variation was done. D

Data table Cs/11: Eriksen and Locklund (1989)*

JAEA-SDB version 4 -DATA: Cs/Granitic rocks; granite, #51452
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Only one datapoint of several available ones with crushed granite is entered into
the SDB. There is an experiment reported with 37Cs-solution on Stripa granite
coupons where equilibrium was not reached even after 120 days of contact time,
These data are unreliable and should not be entered to the SDB. Update of SDB

required for checkpoints I-a.2, II-a, and II-c.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. No
An incorrect Kq value is given. (correct
SDB)
I-b SDB | A table with Ka values is provided class 1
II-a  SDB | Crushed Stripa Granite is indicated as solid phase. BET is given, .
. ; . . B (revise
but information about mineralogy is not reported. SDB)
REF | The BET indicated in SDB is not the same given in the reference.
II-b SDB | An initial pH value of 8 to 8.2 is indicated. D
REF | No further information is available.

II-c SDB | It is indicated that atmospheric conditions of the experiment are AB
not reported. An initial Eh value is indicated to be 260 mV. Cs is (update
not a redox sensitive element. SDB)

REF | It is reported that groundwater was aerated.

II-d SDB | The composition of synthetic groundwater is indicated.

REF | No further information is available. oD
It is assumed that final solution composition can be approximately
estimated.

II-e  SDB | A temperature of 20°C is indicated. A/B

II-f SDB | Aliquid/solid ratio of 30 is indicated. It is indicated that 3 mL of
solution with 0.1 g of solid phase were used for the experiments. oD

REF | Based on a BET of 0.25 m2?/g for crushed Stripa granite, rating C/D
1s given.
II-g  REF | The sorption value (calculated from Ka and L/S ratio) is 52%. A
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II'h  SDB | The initial [Cs] is 1.0 X 102 mol/L. Since Cs is not solubility

limited, the datapoint is classified as A. A
IIi  SDB | Filtration over a 0.5 pm membrane is indicated. C/D
IT- SDB | A contact time of 120 days is indicated.
REF | There is only one datapoint of the sorption on Stripa granite of the
same particle size available. Measurements on intact Stripa .
. . S unreliable
granite did not reach equilibrium after 120 days. (tentative)
It cannot be excluded that this could be due to changes in the solid
phase, therefore changes in crushed granite samples cannot be
excluded as well.
II-k  REF | Gentle agitation of the tubes is reported. A/B
1I-1 SDB | No variation of initial [Cs] or L/S is indicated. C/D
IIrm REF | Polypropylene tubes had been used for experiments and the
results are corrected for the amount of radionuclide sorbed onto C/D
the tube walls. It is not reported how the sorption onto the tube
walls had been measured, therefore rating C/D is applied.
II'n  SDB | An error estimate is indicated C
II-o REF | No parameter variation had been performed. D
Data table Cs/12: REF: Fujikawa and Fukui (1997a)*
JAEA-SDB version 4 — DATA: Cs/Granitic rocks; granite, #51751-51762
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB for checkpoint I-a.2.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
Ira.2 SDB | Information about major mineral composition and CEC or BET is | unreliable
lacking.
REF | Areference is cited (Fujikawa and Fukui, 1991), where mineral (update
composition and surface characteristics are provided. SDB)

Data table Cs/13: REF: Huitti et al.(1998)*

JAEA-SDB version 4 -DATA: Cs/Granitic rocks; granite, mica gneiss, tonalite # 53346-53523

GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: For final classification a revision of SDB for checkpoints II-b, II-d, and II-i ig

necessary.
Checkpoint | Evaluation Rating
I-ra.l1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided Yes
I-b SDB | Table with Kq values is given class 1
II-a SDB | Granite, mica gneiss and tonalite are reported as mineral phases.
Mineralogy and BET characteristics for the phases are indicated. B
CEC and composition of opaque fraction is not indicated. It is not
clear whether crushing had any effect on final composition.
IIb SDB | Only initial pH values are indicated in SDB, and for several
datapoints only a range of initial pH. revise SDB
REF | Final pH values (incl. uncertainties) after equilibration are A
reported for the different reported waters.
II-c SDB | It is indicated that experiments had been perfomed at ambient
.. . B A/B
conditions. Cs is not a redox sensitive element.
II-d SDB | Fresh groundwater and saline groundwater are indicated, but no | revise SDB
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REF

solution compositions are given.

All solutions used for experimentation were synthetic
groundwaters. The fresh reference water was the Allard water and
modified Allard water. The saline reference water was the
synthetic saline groundwater from Olkiluoto, and a brine
reference water and a dilution of it. Chemical composition of the
waters after equilibration is reported.

A/B

II-e

SDB

Reactions had been performed at room temperature.

A/B

II-f

SDB

A L/S ratio of 10 mL/g is indicated. For the experiments 3.5 g of
the solid phase were used per reaction vial.
Based on a BET of 1.55 m2/g for mica gneiss a total surface area of
> 5.0 m? is reached and rating A/B is given. In case of granite and
tonalite with a BET of 0.4 respective 0.28 m2?/g, rating C/D is
given!

- # 53405-53464 (mica gneiss)

« # 53346-53404 (granite) and 53465-53523 (tonalite)

A/B
C/D

SDB

The sorption values are calculated from Kq and L/S ratios:

- # 53346-53378, 53380-53383, 53385/86, 53389-53397,
53399-53403, 53405/06, 53408-53412, 53414, 53416-53422,
53452/53, 53455-53459, 53461-53463, 53466-53475,
53483/88/90, 53492-53503, 53506-53517, 53519-53522 (9~
95% sorption)

« #53424-53426, 53429/30, 53433/34, 53436-53442, 53478,
53480-53482, 53484-53487, 53489/91, 53504/05, (95~98%
sorption)

- #53379/84/87/88/98, 53404/07/13/15/23/27/28/31/32/35,
53443-53451, 53454/53460/64/65/76/77/79, 53518/23 (98~
100% sorption)

C/D

SDB

Initial [Cs] is reported. Cs is not solubility limited.

A

II-h
II-1

SDB

Centrifugation is indicated.Separation was performed in a
centrifuge at 6500 g for 30 minutes.

D (update
SDB)

1L

SDB
REF

A reaction time of 21 days is indicated.
It is reported that a steady state was achieved in 7 to 10 days.

A/B

II'k

REF

Samples were mixed continuously for 15 minutes each hour during
the equilibration.

A/B

1I-1

SDB

Isotherms for the three solid phases and the different synthetic
waters are available. A variation in L/S had not been performed.

II-m

REF

Polypropylene centrifuge tubes were used for experiments. Blank
tests and corrections for sorption on vessel walls had not been
done.

II'n

SDB

REF

Uncertainties are not reported, and it is indicated that
information about replicates is not given.

It is reported that four parallel samples were set up. Three of them
were spiked with radioactive Cs, the fourth was used for chemical
analysis of the water.

Each of the parallel measurements is entered to the SDB so that
error estimates could be calculated.

update
SDB
A

(tentative)

II-o

SDB

Isotherms for each solid phase and water system are available. A
systematic variation in pH had not been performed, but different
salinities are indicated.
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Data table Cs/14: REF: Kitamura et al. (1997)
JAEA-SDB version 4 — DATA: Cs/Granitic rocks; granite, #53971-53977

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 | The Ka values are extracted from graphs with a logarithmic scale. | class 5
REF | Not all datapoints from the literature are listed in the SDB. (update
SDB)
II-a  SDB | Granite with a specific surface area of 0.11 m2/g is inidcated.
REF | The granite sample had been a biotite granite from Inada, Ibaraki, | B
Japan. It had been crushed to a mesh size of 32 to 60.
II-b  SDB | Final pH values are reported within 1 to 2 pH units. Inert NaClO4
electrolyte solution had been used and the pH was adjusted by
addition of either HC1O4 or NaOH.
+ Final pH values of datapoints # 53971 to 53973 are reported to | B
be in a range of 1 pH unit.
- For datapoints # 53974 to 53977 a final pH within 2 unitsis | C
given. Therefore it was decided to give rating C.
II-c SDB | There is no information about redox conditions. AB
REF | It is indicated that experiments had been performed in an argon (updat
filled glove box to avoid contamination of carbonate. Cs is not a SulgB? ©
redox sensitive element.
II-d SDB | The initial composition of the solution is given (0.01 M and 0.1 M
NaClOs).
REF | The initial composition of the electrolyte is given. The final
solution composition is not reported and cannot be estimated due
to lacking information about the mineral composition. Based on an
indicated L/S of 40 mL/g, components of the rock are assumed not
to be important with regard to the final solution composition in
case of 0.1 M NaClOg4-solution. In case of the 0.01 M NaClO4
however, there may be minor solution components that cannot be
estimated.
« Datapoints # 53971, # 53973 to 53975 A/B
+ Datapoints # 53972, 53976, 53977 C/D
II-e SDB | A reaction temperature of 24°C is indicated. A/B
II-f SDB | AL/S of 40 mL/g is indicated.
REF | Based on the given BET of 0.11 m2?/g, the mass of 0.1 g granite C/D
used in the experiment has a surface area of about 0.011 m2.
II-g  SDB | The sorption value (calculated from Ka and L/S ratios) ranges A
between 10% and 64%.
II'h  SDB | Initial [Cs] is reported (2.5X 1076 mol/L). Cs is not solubility A
limited.
II-i SDB | Centrifugation is reported as separation method.
REF | Centrifugation at 5,000 rpm for 10 minutes is reported as C/D
separation method.
II5 SDB | A contact time of 7 days is indicated. C/D
II-k  REF | The reaction vessels were shaken. A/B
II-1 REF | No isotherms, no variation of the Cs concentration is indicated. C/D
II'-m REF | Polypropylene tubes were used as reaction vessels. Since not B
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reported, it is assumed that no corrections for sorption to the
vessel walls had been performed.

II'n REF | No replicates and no error estimates are reported. D
II-o REF | pH value is varied. C
Data table Cs/15: REF: Maclean et al.(1978)*
JAEA-SDB version 4 —-DATA: Cs/Granitic rocks; granite #56174-56182
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: An update of SDB is required for checkpoints II-b, II-1, and II-n.
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 | Table with Kq values is given class 1
II-a  SDB | Climax Stock granite, Westerly Granite, and Climax Shear Zone
granite of different mesh sizes were used for batch experiments.
Mineralogy is not indicated. BET characteristics are given for c/D
some of the datapoints. Due to the crushing, minor changes in the
mineralogy may have had occurred.
REF | No further information is available
II-b SDB | The indicated pH of synthetic groundwater does not correspond to
the given pH in the reference. revise SDB
REF | Initial pH value of the synthetic groundwater of granite is C
reported to be 7.8+0.3.
II-c SDB | Itis indicated that experiments had been performed under aerobic
.. X .. A/B
conditions. Cs is not a redox sensitive element.
II-d SDB | Synthetic groundwater is indicated and the chemical composition
of the water is given.
REF | Samples were pre-washed repeatedly. c/D
The final solution composition is not given, but can be estimated
approximately. Due to the pre-washing, concentrations of major
cations should not have been changed significantly.
II-e  SDB | Reactions had been performed at 25°C. A/B
II-f SDB | A L/S ratio of 15 mL/g is indicated. For the experiments 1 g of the
solid phase were used per reaction vial.
Based on a BET of 4.37 m2?/g reported for Climax Shear Zone 1
(sieved with a mesh of 100~325 pm), rating C/D is given. For the
granite samples with a BET>5 m2/g rating A/B is given. For all
datapoints without any information about the surface
characteristics rating C/D is applied in analogy to the data for
Climax Shear Zone 1 sample.
- #56176/79 A/B
- #56174/75/77/78, 56180-56182 C/D
II-g  SDB | The sorption values are calculated from Kq and L/S ratios:
- #56181 (93% sorption) A
- #56174, 56182 (96~97% sorption) B
- #56175-56180 (98~99% sorption) C/D
II-h  SDB | Initial [Cs] is reported. Cs is not solubility limited. A
II- SDB | Filtration through a 0.1 pm membrane is indicated. update
REF | Samples were first centrifuged at 3000 rpm for 20 to 60 minutes SDB
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and the supernatant solution was then filtered through a 0.1 um

nucleopore filter. C/D
While the phase separation method involved two steps, none of
them is very effective for colloid removal.
II- SDB | Areaction time of 7 days is indicated. C/D
II'’k REF | Samples were shaken continuously in a shaker-table (130 AB
oscillations/min.).
II-1 SDB | No isotherm was determined and no variation in L/S had been c/D
performed.
II'rm REF | Polycarbonate centrifuge tubes with polypropylene screw caps
were used for experiments. Blank tests had been made and
sorption onto vessel walls had been considered by using the C/D
equation by Serne et al. (1977) for Ra calculations, possibly leading
to overcorrection.
II'n  SDB | It is indicated that three replicates had been made, but no error update
estimates are reported. SDB
REF | It is reported that three parallel samples were set up. Error
estimates for the Ra values are given. A
II-o SDB | No parameter variation is indicated. D
Data table Cs/16: REF: Sato et al. (1997)
JAEA-SDB version 4 — DATA: Cs/Granitic rocks; granodiorite, #58950-58958
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 | Three granodiorite samples are reported as solid phases (intact
granodiorite, altered granodiorite and fracture fillings). CEC A
values (2.0, 1.9 and 17.3 meq/100 g) are provided. (tentative)
REF | Kurihashi granodiorite of the Kamaishi In Situ Test Site had been (upd
. ) . update
used for the experiments. It is assumed that mineralogy and SDB)
detailed composition of the granodiorite samples are known. BET
values are reported in the reference.
II-b SDB | Final pH values are reported (after a contact time of 30 days, A
which can be assumed to be enough for reaching equilibrium).
II-c SDB | It is indicated that experiments had been performed under
aerobic conditions. Eh values are not reported. Cs is not a redox A/B
sensitive element.
II-d  SDB | The final solution composition of the equilibrated groundwater is
provided. AB
REF | In situ groundwater sampled from the Kamaishi In Situ Test Site
was used for the sorption experiments.
II-e SDB | Temperature is reported to be 23°C. A/B
II-f SDB | Aliquid/solid ratio of 100 mL/g is reported.
REF | It is reported that standard-scale experiments used 100 mL of
solution and 1.0 g of solid. With BET values of 0.7 m%/g (intact C/D
granodiorite) and 1.9 m?/g (altered granodiorite, fracture fillings)
rating C/D is applied.
II-g  REF | The sorption value (calculated from Ka and L/S ratios) ranges A
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between 15% and 53%.

II'-h  SDB | Initial [Cs] is reported as 8.6 X 105 mol/L. Since Cs is not A
solubility limited, the datapoints are classified as A.

II-i SDB | Standard filtration over a 0.45 um filter is reported as separation c/D
method.

114 SDB | A contact time of 30 days is indicated. This reaction time is c/D
reasonably long.

II-k  REF | There is no information about the agitation method. C/D

II-1 REF | No variation in L/S or initial Cs concentration is indicated. C/D

II'm REF | The experiments were carried out in teflon bottles. Corrections for
sorption on the vessel wall had been performed by measurement c/D
of tracer concentration in the blank solution. This may have led to
overcorrection.

II'n  SDB | Error estimates are reported. Erroneously one replicate is C (revi
.. revise

REF | indicated. SDB)

Three replicates are reported and the error of Ka was calculated
based on the analytical error.

II-o  REF | No parameter variation was done. D

Data table Cs/17: REF: Torstenfelt et al.(1981)*

JAEA-SDB version 4 -DATA: Cs/Granitic rocks; granite, gneiss #61057-61135

GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: There are ten datapoints listed in table 7 of the reference, where a distinct pH ig
given for Cs on Stripa granite, but these datapoints are not listed in the SDB.
After an update of SDB these datapoints will be classified.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes

II-b  SDB | For all datapoints only a range of pH of two pH units or larger is
indicated as end pH. Therefore all datapoints # 61057-61135 are
considered as unreliable.

This is based on the complex nature of the sorbing substrate, unreliable
which may include impurities whose contribution to solution
chemistry may depend on pH. Similar pH ranges were accepted in
case of simple substrates (hematite, magnetite).

Data table Cs/18: REF: Yamagata et al. (1981)*

JAEA-SDB version 4 — DATA: Cs/Granitic rocks; granite, #61752-61757

GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Values of datapoint # 61755 is identical to # 61756. Either Cinit or temperature
value of datapoint # 61754 does not correspond to the indications of the
reference. # 61755 and # 61754 are therefore not evaluated.

Update of SDB required for checkpoints II-a, II-c, and II-d.

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 Kq values is provided class 1

II-a  SDB | Granite is indicated as solid phase containing 44% K-feldspar and | B
1% iron oxide. Surface characteristics are not reported.
REF | Crushed granite from Inada, Ibaraki Pref., Japan with three update
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particle sizes is reported. Major and minor mineralogy are given. | SDB
Rating B is applied, since BET or CEC can be estimated on the
basis of known surface characteristics of the single minerals in the
granite. Fe-oxide is not important for Cs-sorption.
1I-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 indicated to be 0 mV. Cs is not a redox A/B (revise
sensitive element. SDB)
REF | Initial and final Eh values are not reported.
II-d SDB | A “prepared Cs nitrate solution” without information about
concentration is indicated. The final solution composition is not C/D
indicated.
REF | Distilled water including CsNOs from 1 to 1,000 ppm is indicated. | (update
Final solution composition can be estimated based on mineral SDB)
composition.
II-e SDB | A temperature of 25°C is indicated. A/B
II-f SDB | Aliquid/solid ratio of 10 is indicated. It is indicated that 200 mL of AB
solution with 20 g of solid phase were used for the experiments.
II-g REF | The sorption values (calculated from Ka and L/S ratios) range from A
26% to 58%.
II'h  SDB | Initial [Cs] range from 7.52X 10 5 to 7.52>X 10" 4 mol/L. Since Cs is A
not solubility limited, the datapoints are classified as A.
1I-1 SDB | Centrifugation at 4,000 rpm for 5 minutes is indicated. C/D
II-j SDB | A contact time of 16 days is indicated.
REF | Diagrams of kinetic measurements indicate that steady state is A/B
reached around the indicated contact time.
II'k  REF | Continuous stirring or shaking is reported. A/B
II-1 SDB | A limited variation of initial [Cs] is indicated. B
IIrm REF | Erlenmeyer glass vessels with stoppers were used for experiments.
Information about corrections for sorption on vessel walls is not C/D
given.
II'n  SDB | No error estimates are indicated. D
II-o  REF | Initial [Cs] had been varied. C
Data table Cs/19: REF: Andersson et al. (1983b)
JAEA-SDB version 4 — DATA: Cs/Al-oxide/-hydroxide, #44020
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 Kq values is given class 1
II-a  SDB | Corundum is reported as solid phase. CEC or surface
characteristics are not given. B
Mineralogy and surface characteristics of corundum are known.
II-b SDB | A final pH range between 7 and 8 is reported (about 1 pH unit).
REF | The spiked solution was roughly adjusted to the desired level of B
pH with HC] or NaOH at the experimental setup.
II-c SDB | The experiment was performed under aerobic conditions. Cs is not A
a redox sensitive element.
II-d  SDB | The initial composition of artificial groundwater is given. A
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REF

The composition of the artificial groundwater is not significantly
altered under the experimental conditions, except for pH.

II-e  SDB | A temperature of 22+2°C is given. A/B
II-f SDB | AL/S ratio of 10 to 20 g/L is indicated
REF | A solid mass of 0.5 to 1 g was added to a liquid volume of 45 mL. c/D
Based on a BET of 2.95 m2/g for Al2Os from other literature, rating
C/D is given.
II-g  SDB | The %-sorbed (calculated with Ka and L/S ratio) is 0% C/D
II'h  SDB | Initial [Cs] is reported. Cs is not solubility limited. A
II-i SDB | Centrifugation is indicated.
REF | Centrifugation at 4000 g (or 27,000 g for some clay systems) for 1 | C/D
hour is indicated.
11 SDB | Areaction time of 1 to 7 days is indicated. oD
REF | One week as standard contact time is reported.
II-k  REF | Samples were shaken vigorously but short before centrifugation. C/D
1I-1 SDB | No variation of initial [Cs] or another parameter is reported. C/D
II'm REF | The reaction vessel was a polypropylene or glass vessel. It is not
. C/D
clear, if effect of vessel was corrected for.
II'n  SDB | Uncertainties are not reported, no information about replicates. D
II-o REF | No parameter variation had been performed. Only one datapoint D

with a Ka of 0 mL/g was measured.

Data table Cs/20: REF: Andersson et al. (1983b)*
JAEA-SDB version 4 — DATA: Cs/Other minerals; Fe-oxide/-hydroxide,
#44024, 44029-44031, 44034, 44035

GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update required for checkpoint II-a

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided Yes
Ib SDB | Table with Kq values is given class 1
II-a  SDB | Hematite and magnetite are reported as mineral phases.
Mineralogy or surface characteristics for these phases are not
B (update
reported. SDB)
REF| CEC values for hematite and magnetite are given in a diagram.
BET values can be found in the literature.
II-b SDB | Final pH range is reported (about 2 pH units).
REF | The spiked solutions were roughly adjusted to the desired level of | B
pH with HCI or NaOH at the experimental setup.
II-c SDB | The experiments were performed under aerobic conditions. Cs is A
not a redox sensitive element.
II-d  SDB | The initial composition of artificial groundwater is given.
REF | The composition of the artificial groundwater is not significantly | A
altered under the experimental conditions, except for pH.
II-e  SDB | A temperature of 22+2°C is given. A/B
II-f SDB | AL/S ratio of 10 to 20 g/L is indicated
REF | A solid mass of 0.5 to 1 g was added to a liquid volume of 45 mL.
Based on a BET of 75 m2/g for pure magnetite and a BET of ~10 | A/B

m?2/g for pure hematite found in other literature, rating A/B is
given.
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II-rg  SDB | Based on the information given in the SDB, the %-sorbed values A
are between 11% and 40%.
II'h  SDB | Initial [Cs] is reported. Cs is not solubility limited. A
II-1 SDB | Centrifugation is indicated.
REF | Centrifugation at 4000 g (or 27,000 g for some clay systems) for 1 | C/D
hour is indicated.
11 SDB | Areaction time of 1 to 7 days is indicated. c/D
REF | One week as standard contact time is reported.
II-k  REF | Samples were shaken vigorously but short before centrifugation. C/D
1I-1 SDB | No variation of initial [Cs] or an other parameter is reported. C/D
II'm REF | Experiments were performed in polypropylene or glass vessels.
The sorption of the walls of the vials was measured and found to A
be negligible in the presence of crushed material with a large
accessible surface.
II'n  SDB | Uncertainties are not reported, no information about replicates. D
II-o SDB | - Distribution coefficients at different pH values are given for C
magnetite and hematite, datapoints # 44029 to 44031 and #
44034/44035
+ No pH variation for the sorption experiment with corrosion
product Fe(OH)s,. datapoint # 44024 D

Data table Cs/21: REF: Fujikawa and Fukui (1997a)*
JAEA-SDB version 4 — DATA: Cs/Other minerals; Fe-oxide/-hydroxide, #51799-51822
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Data in SDB do not correspond to the given reference (Part I), they are from Part

I, Radiochimica Acta 76, 163 (1997).

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 provided. class 1
II-a  SDB | Magnetite and hematite are reported as mineral phases.
REF | Mineralogy and characteristics of these compounds are A
determined.
The solid phases were purchased from Nihon-Hikagaku Co.
II-b SDB | Final pH values are reported A
II-c SDB | Redox conditions are not reported. However, Cs is not redox
sensitive. AB
REF | It is indicated that experimental systems were oxic, with positive
Eh values in all solutions.
II-d SDB | The initial concentration of simple input electrolyte solutions
(NaCl, Na2COs, NaHCOs, Na2S04) is given.
REF | The final solution compositions are not reported, but can be A/B
estimated based on mineral (hematite, magnetite) and initial
solution composition.
II-e  SDB | A temperature of 15°C 1is indicated. A/B
II-f SDB | L/S ratio of 40 mL/g is indicated
REF | Solid masses of 1.0 g were added to liquid volumes of ca 40 mL.
Based on typical specific surface of FeOOH (the mass of 1 g A/B

a-FeOOH has a surface area between 18 to 40 m2) rating A/B is
given.
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II-g SDB | Rating is done based on %-sorbed values calculated from the
information given in the SDB. The sorption values range from 76%
to 98.2%:
« # 51799 to 51801, # 51803 t051810, # 51812 to 51822 (76.5% to |A
93.1%)
- # 51802 (98.2%) C/D
- # 51811 (96.1) B
II'h  SDB | Initial [Cs] is erroneously reported to be 510 3 M. A

REF | According to the reference the initial [Cs] is 5X 10 9 M. Cs is not (update

solubility limited. SDB)
II-i SDB | It is indicated that no specific separation is reported.

REF | It is mentioned that experiments had been performed in centrifuge | C/D
tubes, therefore it is assumed that centrifugation was done prior (tentative)
to the measurement of the supernatant solutions.

IT-j SDB | A reaction time of 210 days is indicated. C/D
II-k  REF | Itisindicated that the samples were kept at a dark place. There is
. . o C/D
no information about agitation of the sampels.
II-1 SDB | Neither [Cs] nor L/S variation is indicated. C/D
II'm REF | Experiments were performed in polypropylene centrifuge tubes.
Corrections for sorption on vessel walls had been performed by C/D
blank tests.
II'n SDB | No error estimates are indicated for the Kq values. D
II-o SDB | No isotherm is recorded; pH is varied, but not systematically.
Sorption was measured in four different electrolytes for three C
electrolyte concentrations.
Data table Cs/22: REF: Ohnuki (1994b)*
JAEA-SDB version 4 — DATA: Cs/Other minerals; Fe-oxide/-hydroxide, #57010
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update SDB for checkpoint II-¢
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 | Table with Kq values is given class 1
II-a  SDB | FeOOH is reported as solid phase. The CEC or surface area is not
reported.

REF | The pure metal oxide/hydroxyde was used for the experiment and | B
mineralogy and surface characteristics can be found in the
literature.

II-b SDB | The experiment was performed at a pH of 5.4 to 5.6 in Na-acetate C
buffer.
II-c SDB | There is no information about the redox conditions.

REF | Based on the information in the paper, experiments were done A/B (update
under air; i.e., under oxidizing conditions. Moreover, Cs is not a SDB)
redox-sensitive element.

II-d  SDB | Initial solution composition (0.01 M in sodium acetate) is
indicated.
REF | The final solution composition is not reported, but can be C/D

estimated based on mineral (FeOOH) and initial solution
composition.
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II-e SDB | A temperature of 20°C is reported C/D
II-f SDB | L/S ration of 100 mL/g is indicated.
REF | Based on typical specific surface of FeOOH (the mass of 1 g AB
a-FeOOH has a surface area between 18 to 40 m2) rating A/B is
given.
II-g  SDB | The %-sorbed (calculated with Ka and L/S ratio) is 0% (Ka =0 o/D
mL/g)
II'h  SDB | Initial [Cs] is reported. Cs is not solubility limited. A
111 SDB | Centrifugation at 10,000 rpm for one hour has been used for phase
separation. B
REF | No further information is available.
115 SDB | No sorption was observed after a contact time of 10 days. C/D
II-k  REF | There is no information, whether samples were agitated or not. C/D
II1  REF | Neither [Cs] not the L/S have been varied. C/D
II'm REF | Experiments were performed in polycarbonate-vessels. Cs sorption
on vessel walls was less than 0.01% at 2.4 X109 M Cs-conc. over | A
10 days.
II'n SDB | Three replicates were performed. A
II-o REF | Cs does not adsorb to FeOOH (K4=0 L/kg). D
Data table Cs/23: REF: Ticknor et al. (1991)
JAEA-SDB version 4 — DATA: Cs/Fe-oxide/-hydroxide, #60786, 60788, 60789
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | It is indicated that there is no information about [Cs], pH, etc. N
REF | There is no information about the initial [Cs], pH, solid/solution ur(l)reliable

ratio, contact time, number of replicates and error of Ka.

Data table Cs/24: REF: Torstenfelt et al. (1981)*
JAEA-SDB version 4 — DATA: Cs/Other minerals; hematite, magnetite,
#61163-61187, #61188-61196

GUIDELINE:

Revision 4b (May 19, 2005)

* REMARK: Information about experimental procedures was taken from Torstenfelt et al.
(1982), Chemical Geology 36, 123-137, due to missing original reference. Entries
of JAEA-SDB were not compared for agreement with data of the original
literature. It is assumed that experimental conditions in Torstenfelt et al. (1982)
are the same as in the original reference. Update of SDB required for checkpoint

II-a.
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 | Table with Ka values is given. class 1
II-a  SDB | Hematite and magnetite are reported as mineral phases.
Mineralogy or surface characteristics for these phases are not
B (update
reported. SDB)
REF | CEC values for hematite and magnetite are given in a diagram.
BET values can be found in the literature.
IIb SDB | Final pH range is reported:
B
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*#61167-61169/61171-61174/61188/61189/61192-61196 about 1

pH unit C
« all other datapoints about 2 pH units
II-c SDB | It is indicated that redox conditions are not reported. It is assumed
that experiments were done at standard atmospheric conditions. A
Cs is not a redox sensitive element.
II-d SDB | Artificial groundwater is indicated as water type. A detailed final A
solution composition is provided.
II-e SDB | Reaction temperature is not specified. It is assumed that c/D
experiments had been performed at ambient temperature.
II-f SDB | A L/S ratio of 90 mL/g is indicated. For the experiments 0.5 g of
the solid phase were used per reaction vial.
REF | Based on a BET of 75 m?/g for pure magnetite and a BET of ~10 | A/B
m?2/g for pure hematite found in other literature, rating A/B is
given.
II-g  SDB | The sorption values are calculated from Kaq and L/S ratios:
- #61166-61170/61188-61192/61196 (5~8% sorption) A
- #61163-61165/61172-61187/61193-61195 (2~4% sorption) B
« # 61171 (1% sorption) C/D
II'h  SDB | Initial [Cs] is reported. Cs is not solubility limited. A
II-1 SDB | Centrifugation is indicated. C/D
REF | Centrifugation at 5,000 rpm for 1 hour is indicated. (update
SDB)
II-j SDB | Areaction time of 1, 7, 30 and 90 days is indicated. Time has A/B
no/little effect on Kd values.
II-’k  REF | Samples were gently shaken during the sorption experiments. A/B
1I-1 SDB | No variation of initial [Cs] or an other parameter is reported. C/D
II'm REF | Blank tests were performed to determine the sorption on the glass.
However, no correction for this effect was done since this sorption | B
was negligible in comparison to the sorption on the solid phase.
II'n SDB | Uncertainties are not reported, information about replicates is not D
given.
II-o SDB | Contact time and pH had been varied. B
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3.1.3 Neptunium

Data table Np/1: REF:Allarad et al.(1979b)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #42381-42386

GUIDELINE:

Revision 4b (May 19, 2005)

Checkpoint

Evaluation

Rating

I-a.l

SDB

All mandatory information is completed.

Yes

I-a.2

SDB

All mandatory information is completed.
The experiments are conducted under aerobic conditions. Therefore, the
oxidation number of Np is V.

Yes

I-b

SDB

A table with log Ka values is provided.

class 1

II-a

SDB

REF

Major minerals in the solid phase are reported. But mineralogical
composition is not indicated in detail. And particle size (0.063~
0.105mm) is repoted.

No further information is available.

C/D

IT-b

SDB

Initial pH value is given. The synthetic groundwaters used
contained carbonate. It can be assumed that the bentonite
contained some CaCQOs as well. The initial pH of 8.2 corresponds to
the equilibrium pH of atmospheric COz in contact with
CaCOs-saturated water. Since the experiments were carried out in
normal atmosphere conditions (see II-¢), it can be expected that
the initial pH was relatively well buffered.

II-c

SDB

REF

All experiments were carried out under atmospheric (i.e. oxidizing)
conditions. The oxidation number of Np under these conditions is V.
The experimental systems were aerated.

A/B

I1-d

SDB

The composition of the synthetic input solutions are given, the experiments
were reportedly carried out under aerated conditions.

C/D

II-e

SDB

A temperature of 25 or of 65°C is specified for different datapoints.

A/B

I1-f

SDB
REF

A L/S ratio of 10~50 mL/g is indicated.
1~3 g solid were added to 30~50 mL solution. Particle size of
granite is indicated as 0.063~0.105mm.

A/B

II-¢

REF

Based on the information given in the SDB, and on a L/S ratio that
may range from 10~50 mL/g (av. 30 mL/g), sorption values
between 46~73% sorbed can be calculated.

II-h

SDB
REF

The initial Np concentration of <108 M is indicated.

The exact initial Np concentration is not reported.

Following the solubility measurements given in Yamaguchi et al.
(1991), the initial RN concentration can be considered to be by
more than a factor of 5 below the solubility limit in the considered
pH range.

IT-i

SDB

Centrifugation(7000 rpm/50min) and filtration(0.2 pm) are
indicated as phase separation method.

It is not clear whether filtration was done on centrifuged or on
original samples, but it is reported that it did not influence the
values.

Two methods were used, but none of them is considered to be very
efficient for removal of colloids.

C/D

IT-

SDB

It is indicated that contact time was 7~180 days for different
datapoints.

Considering that there are also differences in temperature, as well
as slight differences in solution composition, the Kq values

A/B
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measured for different reaction times do not differ significantly.

II-k REF | Samples were shaken for 8~12 hours. A/B
II-1 SDB | All experiments were conducted at the same L/S and initial RN oD
concentration.
II'm REF | The experiments were carried out in glass vessels. No correction oD
for sorption on vessel walls reported.
II'n SDB | No information is reported. D
II-o SDB | Within the set of reliable experiments, only the temperature was C
varied in a limited way.
Data table Np/2: REF: Barney and Anderson (1979)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #44268-44273
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1  SDB | All mandatory information is completed. Yes
I-a.2 SDB | All mandatory information is completed. Yes
Ib SDB | A table with Kq values is provided. class 1
II-a SDB | Mineralogy is not indicated. Specific surface area is provided. c/D
REF | No further information is available.
II-b SDB | Initial pH value is 8.2. It is reported that final pH is constant for B
91 days.
II-c SDB | There is no information about redox condition.
REF | The experimental system is estimated to be aerated condition, A/B
then the oxidation number of Np is V.
II-d SDB | The concentration of major ions (Na, K, Ca, Mg, Al and Si) in the final cD
solutions is given in figure.
II-e SDB | A temperature was carried out at room temperature (23+2°C). A/B
II-f SDB | A L/S ratio of 6 mL/g is indicated.
REF | 5g solid were added to 30 mL solution. Particle size of granite was C/D
not indicated.
II-¢ REF | Based on the information given in the SDB, sorption values
between 84~98% sorbed can be calculated.
« datapoint 44268, 44269, 44271, 44272,44273 A
+ datapoint 44270 B
II-h SDB | The initial Np concentration is indicated as 9.2 X107 7~7.0 X 104
REF | M.
Based on thermodynamic calculation with PHREEQC (database :
JNC-TDB_011213c2.tdb), solubility of Np(V) is 7.4 X 10 5 mol/L.
- datapoint 44268 = 9.0X10 5 M unreliable
- datapoint 44269 = 7.0X 10 4 M unreliable
- datapoint 44270 = 9.2X 10" TM A
- datapoint 44271 = 7.8X10 6 M g
- datapoint 44272, 44273=4.71~5.46X10 5 M
II-i SDB | Filtration (0.3 um) is indicated. C/D
II5 SDB | It is indicated that contact time was 14 and 35 days. In this
experiment, kinetics sorption reaction was studied. Np A/B
concentration was indicated as a function of reaction time in
figure.
II-k REF | Samples were shaken. Kinetic information was indicated. A/B
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II-1 SDB | Only initial Np concentration is varied. C/D
II'm REF | The experiments were carried out in polycarbonate centrifuge
. . . B
tube. No correction for sorption on vessel walls is reported.
II'n SDB | No information is reported.
II-o SDB | The initial Np concentration is indicated as 9.2X1077~8.0X1075 C
M.
Data table Np/3: REF:Barney and Brown (1979)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #44337-44339
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
Ib SDB | A table with Ka values is provided. class 1
II-a SDB | CEC and surface area are indicated. Chemical composition is A
provided as well.
II-b SDB | Final pH value is given. The synthetic groundwater used in the
experiment was conditioned with 620 mg/L of CaSO4 + 2H20 and
REF | 302 mg/L of NaHCOs. A
The pH was reported to be constant for each groundwater over the
154 days.
II-c SDB | All experiments were carried out with Np(V) under aerobic A/B
conditions.
II-d SDB | The concentrations of major ions (Na, Ca, K, Mg, Si) in the final AB
synthetic solutions are given as figure.
II-e SDB | A temperature was carried out at room temperature (23+2°C). A/B
II-f SDB | A L/S ratio of 6mL/g is indicated.
REF | 5 g solid were added to 30 mL solution. Particle size of granite was A/B
given “< 1.0 mm”.
II-¢ REF | Based on the information given in the SDB, sorption values A
between 36~88% sorbed can be calculated.
II'h SDB | The initial Np concentration is indicated as 6.8 X105 M.
REF | Based on thermodynamic calculation with PHREEQC (database :
JNC-TDB_011213c2.tdb), solubility of Np(V) is 7.3 X 105 mol/L. B
The initial concentration is lower than the solubility limit.
However, initial Np concentration is less than a focter of 5.
II-1 SDB | Phase separation was carried out by centrifugation. But no oD
information of rpm and time is given.
11+ SDB | It is indicated that contact time was 14 days. In this experiment,
kinetics sorption reaction was studied. Np concentration was A/B
indicated as a function of reaction time in figure.
II-k REF | Samples were shaken. Kinetic information was indicated. A/B
II-1 SDB | No variation in L/S or initial Np concentration is indicated. C/D
II-m  REF | The experiments were carried out in polycarbonate centrifuge
. . . B
tube. No correction for sorption on vessel walls is reported.
II'n SDB | No information is reported. D
II-o SDB | Changed parameters were reaction time and solid type (flesh solid D

and weathered solid)
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Data table Np/4: REF: Baston et al. (1997)* and Berry et al. (2007)*

JAEA-SDB version 4 — DATA: Np/Granitic rocks; granodiorite, #46824-46827, #46938, #46939
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Update of SDB required for checkpoints II-a, II-c, II-d and II-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 Kq values is given. class 1
II-a  SDB | As solid phase, granodiorite is indicated. Major mineral B
composition is reported.
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. c/D
REF | It is reported that Np(V) was reduced to Np(IV) with sodium (

. . . . update
dithionite prior to the adsorption experiments. Oz levels were SDB)
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, distilled water equilibrated with granodiorite is A/B
indicated. Only for datapoints # 46938 and 46939 the final
solution composition of equilibration at 60°C and at room (update
temperature is provided. SDB)

REF | The final solution compositions for datapoints # 46824-46827 are
identical to the compositions of datapoints # 46938 and 46939.

II-e  SDB | It is indicated that experiments had been done at 25°C 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 Ka and L/S ratios: Sorption C/D
values are either >98% or <2%, and rating C/D is applied.

II'h  SDB | Initial [Np] concentration of 6.0 X109 M is indicated. Based on
speciation calculations with Phreeqci 2.14.3 using the
thermodynamic data in the NAGRA-PSI thermodynamic database
(Hummel et al., 2002). The initial Np concentration may have been
at, or slightly above, the solubility limit.

REF | The solutions were pre-filtered (0.45 um) before being equilibrated
with the solid. Presumably, Np-precipitate would have been
removed in this way.

C/D
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II-1 SDB | Filtration through 10000 MWCO or 0.45 um membranes, or
centrifugation at 1100 g for 3 h is indicated.
REF | Three liquid/solid separation techniques were employed:
1.Centrifugation at 1100 g for 15 minutes with aliquots being | (revise
removed from near the surface of the supernatant liquid SDB)
2.Centrifugation followed by filtration through a 0.45 pm filter
3.Centrifugation followed by filtration first through a 0.45 um
filter, and then through a 10000 MWCO filter
Rising Ka values with the more efficient separation technique are
indicating colloid formation. Due to consistency with other data
only datapoints where filtration over 10000 MWCO filter is
indicated are considered as reliable (expert decision):
- # 46824/46826 B
- # 46825/46827/46938/46939 unreliable
11+ SDB | A contact time of 120 days is indicated. C/D
II-k  REF | Gentle agitation on a shaker is reported. A/B
1I-1 SDB | No variation in L/S or [Np] 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 (revi
i revise
measurements are available. SDB)
REF | Error estimates are given which are based on counting statistics B
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/5: REF: Bondietti and Francis(1979)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #49008, 49009
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: it is indicated that no | No
information on phase separation is given in the original REF.
REF | No further information is available. unreliable
Data table Np/6: REF: Kaukonen et al.(1993)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #53874, #53875
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Initial Np concentration information is not completed. No
Data table Np/7: REF: Koskinen et al.(1985)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #54025-54032
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
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I-a.2 SDB | All mandatory information are completed. Yes
I-b SDB | The Ka is given in tabular form. class 1
II-a SDB | CEC and specific surface area are not reported. o/D
REF | Information about mineral composition is given.
II-b SDB | Initial as well as final pH are given. A
II-c SDB | Information about Eh values is not given.
REF | Experiments were done under air; i.e., under oxidizing conditions. A/B
All data was considered as Np(V).
II-d REF | The initial solution composition is reported. A/B
II-e SDB | Temperatures of 20+2°C are reported. A/B
II-f SDB | Solution/solid ratios are 10 mL/g. cD
REF | Solid masses and liquid volumes are not reported.
II-¢ REF | The %-sorbed can be calculated with Kq and L/S ratio: A
The %-sorbed of all datapoints are 41.2~51.9%
II-h SDB | An initial [Np] of 6.07 X107 M is indicated.
REF | Based on thermodynamic calculation with PHREEQC (database : A
JNC-TDB_011213c2.tdb), solubility of Np(V) is 8.7X10 4 mol/L.
The initial concentration is clearly lower than the solubility limit.
II-i SDB | The phase separation is carried out by centrifugation (8000 rpm,
60min) and 0.45 pm Millipore membrane filter.
REF | - Datapoints #54025, 54027, 54030, 54032 B
+ Datapoints #54026, 54028, 54029, 54031 A
11 SDB | Areaction time of 7 days is indicated. C/D
II-k REF | Samples were shaken for 7 days. A/B
II-1 REF | No variation is indicated for either L/S or initial [Np] /D
concentration.
II'm REF | Information about reactant vessel is not reported. C/D
II'n SDB | Error of Kq 1s not reported. D
II-o SDB | No parameter variation is indicated. C
Data table Np/8: REF: Nakayama et al. (1986)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #56827-56832
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 Ka values is provided. class 1
II-a SDB | The solid phase is indicated surface area and particle size. But oD
chemical composition is not given.
II-b SDB | Final pH value is given.
REF | The pH was adjusted at about 7 by using a solution of NaOH. B
Approximate pH values are reported (e.g. pH ~7).
II-c SDB | It is indicated that experiments had been performed under aerobic
conditions. Eh values are not reported. A/B
REF | It is reported that Np(V) was used for the experiments.
II-d SDB | As water type, pre-equilibrated water and distilled water are
indicated. Final solution compositions are not given. o/D
REF | The final solution composition of the equilibrated groundwater is

not provided, but it is assumed that no essential changes take
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place by equilibration with granodiorite.

II-e SDB | Experiments were carried out at room temperature. A/B
II-f SDB | A L/S ratio of 30 mL/g is indicated.
REF | 1 g solid were added to 30 mL solution. Particle size of granite was A/B
given “32~60 and < 60 mesh”.
II-g REF | Based on the information given in the SDB, sorption values A
between 4.2~11.0% sorbed can be calculated.
II-h SDB | The initial Np concentration is indicated 1.0X 1074 M.
REF | Based on thermodynamic calculation with PHREEQC (database : .
JNC-TDB_011213¢2.tdb), solubility of Np(V) is 6.1 105 mol/L, | “nreliable
The initial concentration is higher than the solubility limit.
Data table Np/9: REF: Nakayama et al.(1994)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #56863-56865
GUIDELINE: Revision 4b (May 19, 2005)
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.1  SDB | Information about separation method is not reported. No
Data table Np/10: REF: Suksi et al.(1989)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #59376, 59377
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 | %-sorb is given in tabular form. class 3
II-a SDB | CEC and specific surface area are not reported. oD
REF | Information about mineral composition is given.
II-b SDB | Only initial pH is given. D
II-c SDB | Information about Eh values is not given.
REF | Datapoint #59376 as Np(V) was carried out under oxidizing
condition. Datapoint #59377 as Np(IV) was carried out under Ng
atmosphere. But reducing agent was not used.
+ Datapoints #59376 = oxidizing condition A/B
« Datapoints #59377 = reducing condition C/D
II-d REF | The initial solution composition is reported. A/B
II-e SDB | Information about temperature is not reported. C/D
II-f SDB | Information about solid/solution ratio is not reported. C/D
II-¢ REF | The %-sorbed can not be calculated. Because of no L/S ratio. C/D
II'h  SDB | Aninitial [Np] of 6.7 X105 M#56376) and 7.8 X 10 5 M#56377) is
indicated.
REF | Based on thermodynamic calculation with PHREEQC (database :
JNC-TDB_011213c2.tdb), solubility of Np(V) and Np(IV) are 8.7 X
104 mol/L and 3.4 X 10 9 mol/L. The initial Np(V) concentration is
clearly lower than the solubility limit, The initial Np(IV)
concentration is clearly higher than the solubility limit.
+ Datapoints #59376 = oxidizing condition A
unreliable

+ Datapoints #59377 = reducing condition




JAEA-Data/Code 2009-021

II-i SDB | The phase separation is carried out by centrifugation and 0.22 um A
REF | Millipore filter.
II-j SDB | Experiment was carried out from 0 to 480 days. A/B
II-k REF | Information about agitation is not reported. C/D
II-1 REF | No variation is indicated for either L/S or initial [Np] c/D
concentration.
II-m REF | Information about reactant vessel is not reported. C/D
II'n SDB | Error of Ka is not reported. D
II-o SDB | Only reaction time is varied. C
Data table Np/11: REF: Tachi et al.(2010)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #59834-59863
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 | The Ka is given in tabular form. class 1
II-a SDB | Specific surface area is reported.
REF | Information about mineral composition and chemical composition C/D
is given.
1I-b SDB | Initial as well as final pH is given. A
II-c SDB | Information about Eh values is given. Experiment was carried out
A/B
under Ar atmosphere.
II-d REF | The concentrations of some ions in the equilibrated solutions are oD
provided.
II-e SDB | Experiment was carried out at room temperature. A/B
II-f SDB | Solution/solid ratio is 50 mL/g. A/B
REF | Solid masses and liquid volume are not reported.
II-g REF | The %-sorbed can be calculated with Kq and L/S ratio:
- Datapoints # 59834-59842, 59849-59851 A
- Datapoints #59843-59848, 59852-59863 B
II-h SDB | An initial [Np] of 8.50X 10 10 M is indicated.
REF | Based on thermodynamic calculation with PHREEQC (database :
JNC-TDB_011213c2.tdb), solubility of Np(IV) are 3.2 X109 mol/L. B
The initial Np(IV) concentration is clearly lower than the
solubility limit. However, initial Np concentration is less than a
factor of 5.
II-1 SDB | The phase separation is carried out by using 10,000 MWCO filter. B
11 SDB | A reaction time of 1, 7, 14, 21, 35 days is indicated.
REF | - Datapoints # 59834-59836, 59849-59851 C/D
- Datapoints #59837-59848, 59852-59863 A/B
II-k REF | Information about agitation is not reported. C/D
II-1 REF | No variation is indicated for either L/S or initial [Np] /D
concentration.
II'm REF | Information about reactant vessel is not reported. C/D
II'n SDB | Error of Ka 1s not reported. D
II-o0 SDB | Only reaction time is varied. C
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Data table Np/12: REF:Torstenfelt et al. (1988)
JAEA-SDB version 4 — DATA:Np/Granitic rocks, #61441-61457
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
Ib SDB | The Ka values are scanned from graphs. lass 3
REF | The graphs are a linear representation of Ka. class
II-a SDB | The granites studied were Finnsj6 granite, Stripa granite and
Westerly granite. Main minerals and CEC is not given. C/D
REF | No additional information is available.
II-b SDB | The final pH values are indicated. A
The pH had been adjusted with HCI or NaOH.
II-c SDB | It is indicated that all experiments were done under air.
REF | Oz levels of the reference groundwater are provided. It is reported A/B
that Np(V) was used for the experiments.
II-d SDB | The initial solution composition is given (in the separate file
“solution composition”). C/D
REF | No additional information is available.
II-e SDB | Room temperature is indicated. A/B
II-f SDB | AL/S of 50 mL/g is indicated. cD
REF | 0.5 g solid and 25 mL solution were used.
II-¢ REF | Based on the information given in the SDB, all sorption values are A
calculated to lie in the range 28.6~81.5% sorbed.
II-h SDB | An initial Np concentration of 1 X10~7 M is indicated.
REF | Based on the data by Yamaguchi et al. (1991) in the presence of A
air, rating A is given.
II-i SDB | Centrifugation at 20,000~60,000 rpm is indicated.
REF | Torstenfelt et al.(1988) note that the sorption of Np does not very
significantly as a function of centrifugation speed.
+ datapoint:61442-61446, 61448-61452, 61454-61456 A
- datapoint:61441, 61447, 61453, 61457 (no phase unreliable
separation)
II-j SDB | Reaction times of 1, 7 and 30 days are indicated, but Kq values are
not given for individual reaction times. oD
REF | It is not clear which reaction time corresponds to the reported Ka
values. Therefore, rating C/D is given.
II-k REF | No information is given. A/B
II-1 SDB | No variation in L/S or initial Np concentration is indicated. C/D
II-m REF | The experiments were done in centrifugation tubes; the respective
material is not specified. No information regarding sorption on B
vessel walls or corrections is given. Assuming that corrections
would have been reported, rating B is given.
II'n SDB | No information is given with regard to error.
REF | Experiments were done in duplicates, but no errors are given, It is D
further not clear, whether the reported values represent sample
means.
II-o SDB | Only pH had been varied. C
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Data table Np/13: REF: Meijer et al.(1990)
JAEA-SDB version 4 — DATA:Np/Other minerals (Oxide or Hydroxide), #62110, #62111
GUIDELINE: Revision 4b (May 19, 2005)

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Separation method information is not completed. No

Data table Np/14: REF: Nakayama and Sakamoto(1991)
JAEA-SDB version 4 — DATA:Np/ Other minerals (Oxide or Hydroxide),
#56661-56680, #56703-56794

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 | Linear graph % sorbed is given. class 4
II-a SDB | Specific surface area is reported. But CEC is not reported. B
II-b SDB | Final pH is given. This study was carried out adjusting pH by A
HNOs or NaOH.
II-c SDB | Information about Eh values is not given.
REF | Experiments were done under air; i.e., under oxidizing conditions. A/B
Np in this study is considered as Np(V).
II-d REF | The solution of this study is 0.1 M NaNOs. It can be calculated c/D
solution composition, because mineral composition is reported.
II-e SDB | This study was carried out at 30C A/B
II-f SDB | Solution/solid ratio is 1,000 mL/g. A/B
REF | Solid masses of 100mg are added to a liquid volume of 100 mL.
II-g REF | The %-sorbed can be calculated with Kq and L/S ratio:
« Datapoints # 56678, 56680, 56720, 56749, 56750, 56785 C/D
+ Except above datapoints A
II'h SDB | An initial [Np] of 6.0 X106 M is indicated.
REF | It was confirmed by filtration that neptunium was present as A
soluble species.
II-i SDB | The phase separation is carried out by 0.45 um membrane filter. A
115 SDB | A reaction time is reported at two to three hours for hematite,
magnetite and alumina and two days for goethite. A/B
REF | This study carried out sorption kinetics. So it was considered that
this experimental condition reached to equilibrium.
II-k REF | Information about agitation method is not given. C/D
II-1 REF | No variation is indicated for either L/S or initial [Np] c/D
concentration.
II-m REF | Reactant vessel is reported as glass flask. From the blank test, it
was found that the sorption onto the vessel walls was negligibly A
small.
II'n SDB | Error of Ka is not reported. D
II-o SDB | It is changed pH (oxidizing or reducing condition). C
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Data table Np/15: REF: Ticknor(1993)
JAEA-SDB version 4 — DATA:Np/ Other minerals (Oxide or Hydroxide),
#60842-60847, #60854-60859

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 | The Ka is given in tabular form. class 1
II-a SDB | CEC and specific surface area are reported. A
II-b SDB | Initial as well as final pH is given. B
II-c SDB | Information about Eh values is not given.
REF | This study was carried out under normal Oz condition and low O2
condition.
+ Datapoints #60842, 60844, 60846, 60854-60856 = normal O2 A/B
condition
- Datapoints #60843, 60845, 60847, 60857-60859 = low Oq C/D
condition
1I-d REF | The initial solution composition is reported. A/B
II-e SDB | Information about temperature is not reported. C/D
II-f SDB | Solution/solid ratios are 4 mL/g. A/B
REF | Solid masses of 1.0 g are added to a liquid volume of 4 mL.
II-g REF | The %-sorbed can be calculated with Kq and L/S ratio:
« Datapoints # 60842-60857 = 80.0~94.7% A
- Datapoints #60858, 60859 = 95.2~95.5% C/D
II-h SDB | An initial [Np] of 8.84 X 10 ¢ M for low TDS and mid TDS, 9.05 X
REF | 106 M for High TDS is indicated. (TDS = total dissolved solid)
It was confirmed that aliquots were taken from the bulk solutions A
for radiometric analyses at times corresponding to the sorption
period used in experiments.
111 SDB | The phase separation is carried out by centrifugation (2800 g, 15~ A
20min).
115 SDB | Reaction times of 27 and 30 days are indicated. A/B
II-k REF | Information about agitation method is not reported. C/D
1I-1 REF | No variation is indicated for either L/S or initial [Np] c/D
concentration.
II-m  REF | Polypropylene bottles are used in this study. B
II'n SDB | Error of Ka is reported. Three replicates of each A
solution-radionuclide-mineral-redox/ph combination were used.
II-o SDB | Experimental conditions such as Oz condition and TDS had been C
varied.
Data table Np/16: REF: Allard et al.(1982)
JAEA-SDB version 4 — DATA:Np/Bentonite (Clay minerals), #63692, #63693
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 | The Ka is given with logarithmic values. class 1
II-a REF | This study used Wyoming bentonite MX-80. A
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II-b SDB | Initial as well as final pH are given. A
II-c SDB | Information about Eh values is not given. AB
REF | This study was carried out as Np(V)
II-d REF | The initial solution composition is not reported. But it was o/D
reported total salt and total carbonates.
II-e SDB | This study was carried out at 25+1°C. A/B
II-f SDB | Solution/solid ratios are 100 mL/g. AB
REF | Solid masses of 0.2 g are added to a liquid volume of 20 mL.
II-g REF | The %-sorbed can be calculated with Kq and L/S ratio:
+ Datapoints #63692 = 32.9% A
+ Datapoints #63693 = 53.5%
II-h SDB | An initial [Np] concentration is reported 1.9X 107 M for datapoint
#63692 and 1.9X10 9 M for datapoint #63693.
REF | Based on thermodynamic calculation with PHREEQC (database : A
JNC-TDB_011213¢2.tdb), solubility of Np(V) are 1.1 X103 mol/L.
The initial Np(V) concentration is clearly lower than the solubility
limit.
II-i SDB | The phase separation is carried out by centrifugation (27,000 g, B
1.0 hour).
II- SDB | Reaction times of 6 hour, 1 day, 6 days, 1 week are indicated. A/B
REF | Only data for 6 days given in this paper.
II-k REF | Information about agitation method was not reported. C/D
II-1 REF | No variation is indicated for L/S. But this study was carried out at B
two initial [Np] concentrations.
II'm REF | Reactant vessel used is polypropylene vessel. It was reported that
the surface area of the exposed fine grained solids are several A
orders of magnitude larger than the surface of the vessel.
II'n SDB | Error of Ka is not reported. D
II-o  SDB | Only initial [Np] concentration had been varied. C
Data table Np/17: REF: Morgan et al.(1988)
JAEA-SDB version 4 — DATA:Np/Bentonite (Clay minerals), #63962-64004
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 | The Ka is given with average value in tabular form. class 1
II-a REF | This study used Wyoming bentonite clay. A
II-b SDB | Only final pH is given. B
II-c SDB | Information about Eh values is not given. AB
REF | This study was carried out as Np(V) under air-saturated condition.
II-d REF | The initial solution composition is not reported. But liquid of this
study used demineralised water. Solid used is Wyoming bentonite C/D
clay. So solution composition can be calculated.
II-e SDB | Information about temperature is not reported. C/D
II-f SDB | A L/S ratios are 200, 100 and 50 mL/g.
REF | Solid masses of 0.25, 0.5 and 1.0 g are added to a liquid volume of A/B
50 mL.
II-g REF | The %-sorbed can be calculated with Ka and L/S ratio:
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- Datapoints #63980, 63993, 63998 = 97.0~98.2% B
+ Datapoints else = 22.5~90.9% A
II-h  SDB | An initial [Np] concentration is reported 1.0 10 ¢, 1.0X10° 7, 1.0
X1078,1.0X1079, 1.0 X107 10 M. A
REF | This study was carried out based on the solubility and sorption
measurements reported previously.
111 SDB | The phase separation is carried out by centrifugation (2000 g, 1.0 B
min).
115 SDB | Reaction times of 1, 2, 10 days are indicated. A/B
II-k REF | Agitation method was reported as “shaking”. A/B
II-1 REF | Sorption isotherms have been measured at each solution/solid A
ratio.
II-m REF | Reactant vessel used is polypropylene centrifuge tube. A
II'n SDB | Error of Ka is not reported. D
II-o SDB | Initial [Np] concentration, reaction time and solution/solid ratio C

are varied.
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3.1.4 Selenium

Data table Se/1: REF: Fujikawa and Fukui (1997b)*

JAEA-SDB version 4 — DATA: Se/Granitic rocks; granodiorite, #51967-51978
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Data in SDB do not correspond to the given reference (Part I), they are from Part

11, Radiochimica Acta 76, 163-172 (1997).

Checkpoint | Evaluation Rating
I-a.l1 SDB | All mandatory fields are completed Yes
I-a.2 SDB | Information about mineralogy and surface characteristics (e.g.
BET or CEC) and atmosphere/redox conditions are missing.
REF | The chemical composition of the granodiorite is available in a cited No
reference. However, surface characteristics are not described. ’ liabl
It is reported that a mixture of Se(IV)/(VI) was measured in the unretable
supernatant solution. Therefore the given Kq values are
considered to be unreliable.
Data table Se/2: REF: Sato et al. (1997)*
JAEA-SDB version 4 -DATA: Se/Granitic rocks; granodiorite, #58965-58973
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for checkpoints I-a.2, II-a, and II-n.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Redox state of Se and redox conditions (Eh values are not (updat
reported). Su]gB‘;l ©
REF | All experiments were carried out in an N2-atmospheric glove box Yos
(O2 < 1ppm) and experimental solutions were degassed. A SeOz (tentative)
powder was added to the solutions.
I-b REF | A table with Ka values is provided. class 1
II'a  SDB | Three granodiorite samples are reported as solid phases (intact A
granodiorite, altered granodiorite and fracture fillings). CEC (tentative)
values (2.0, 1.9 and 17.3 meq/100 g) are provided. entative
REF | Kurihashi granodiorite of the Kamaishi In Situ Test Site had been (update
used for the experiments. It is assumed that mineralogy and SDB if
detailed composition of the granodiorite samples are known. BET licable)
values are reported in the reference. apprcable
II-b SDB | Final pH values are reported (after a contact time of 66 days, A
which can be assumed to be enough to reach equilibrium).
II-c SDB | It is indicated that experiments had been performed under
Nz-atmosphere and experimental solutions were degassed. Eh c/D
values are not reported. Due to the kinetic stability of added
Se(IV) under ambient conditions, rating C/D is applied.
II-d  SDB | The final solution composition of the equilibrated groundwater is
provided. AB
REF | In situ groundwater sampled from the Kamaishi In Situ Test Site
was used for the sorption experiments.
II-e SDB | Experiments had been conducted at room temperature. A/B
II-f SDB | Aliquid/solid ratio of 20 mL/g is reported: for the experiments 1.5
g of solid and 30 mL of solution were used. With BET values of 0.7 c/D

m2/g (intact granodiorite) and 1.9 m?/g (altered granodiorite or
fracture fillings), rating C/D is applied.
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II-g  SDB | The sorption value (calculated from Kq and L/S ratios) ranges
between 0% and 7%:
- # 58965, 58968, 58969 (7%, 6%, 7%) A
- # 58967, 58970, 58972, 58973 (4%, 3%, 3%, 4%) B
- # 58966, 58971 (1%, 0%) C/D
II'h  SDB | Initial [Se] is reported as 1.0 X 10 4 M. According to
Phreeqc-calculations using the thermodynamic data in the
NAGRA-PSI thermodynamic database (Hummel et al., 2002) B
supplemented with the thermodynamic equilibrium of CaSeOs
(taken from NEA, 2005), the reported Se concentration is a factor
of two below the solubility limit.
111 SDB | It is reported that reaction mixtures were filtered with a 10,000 B
MWCO (Molecular Weight Cut-Off) ultrafilter.
I SDB | A contact time of 36 days is indicated. This reaction time is
. C/D
considered to be reasonably long.
II-k  REF | There is no information about the agitation method. C/D
II-1 SDB | No variation in L/S or initial Cs concentration is indicated. C/D
II'm REF | The experiments were carried out in glass bottles. Corrections for
sorption on the vessel wall had been performed by measurement of c/D
tracer concentration in the blank solution. This may have led to
overcorrection.
II'n  SDB | No error estimates are reported. Only one replicate is indicated. C (update
REF | Three replicates are indicated but no error estimates are reported. | SDB)
II-o SDB | No parameter variation was performed. D

Data table Se/3: REF: Shibutani et al. (1994)*

JAEA-SDB version 4 — DATA: Se/Granitic rocks; granodiorite, #59136-59141
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Since information about the oxidation state of Se is not given in the SDB or
reference translation, it was assumed that Se is in the oxidation state +IV. The

classification is based on this assumption.

All Kq values although measured at different pH are indicated to be zero. It is
assumed that a calculation mistake occured. Kq values in the SDB need to be
revised. Update of SDB required for checkpoints I-a.2, II-d, II-f and II-h.

Checkpoint | Evaluation Rating
I-a.l1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Redox state of Se and redox conditions (Eh values are not (update
reported). SDB)
REF | All experiments were carried out in an N2-atmospheric glove box | Yes
(O2 < 1 ppm). Redox state of Se not mentioned in the translation. (tentative)
Ib SDB | It is indicated that K4 values are provided as % sorbed. class 2
II-a  SDB | Granodiorite is indicated as solid phase. Mineralogy is not
o . . . C/D
indicated. Specific surface area is provided.
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 ppm of oxygen.
REF | It is reported that experiments had been performed under C/D

Ne-atmosphere with <1 ppm of oxygen present. Eh values are not
reported. Due to the kinetic stability of added Se(IV) under
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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, but it A/B
is assumed that no essential changes take place by equilibration (revi
. e revise
with granodiorite. SDB)
REF | As water type 0.1 M NaCl solution is reported.
II-e SDB | Experiments had been conducted at room temperature. A/B
II-f SD A liquid/solid ratio of 20 mL/g is reported A/B
REF | The L/S ratio is indicated to be 25 mL/g. With the indicated (revise
specific surface area of 9 m2/g rating A/B is applied. SDB)
II-g  SDB | The sorption values are calculated from Kaq and L/S ratios. The
: . . C/D
sorption value is 0% for all datapoints.
II-h  SDB | Initial [Se] is indicated as 1.0 X 104 M. According to
Phreeqci-calculations using the thermodynamic data in the A
NAGRA-PSI thermodynamic database (Hummel et al., 2002), the
reported Se concentration is clearly below the solubility limit (also | (revise
in case of [Se]=1.0X10"3 M). SDB)
REF | Initial [Se] is reported to be 1.0 X 1073 M.
II-1 SDB | It is reported that reaction mixtures were filtered with a 10,000 B
MWCO (Molecular Weight Cut-Off) ultrafilter.
114 SDB | A contact time of 14 days is indicated. This reaction time is
. C/D
considered to be reasonably long.
II-k  REF | There is no information about the agitation method. C/D
II-1 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 c/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/4: REF: Ticknor and McMurry(1996)*
JAEA-SDB version 4 -DATA: Se/granitic rocks, granite, #60586-60605
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update required for checkpoints II-a, II-c, II-1
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | It is indicated that Eh, atmosphere/redox conditions and
temperature are not reported. Yes
REF | It is reported, that solutions at lower pH were prepared and used | (update
in air. The solutions at higher pH were prepared and used under a | SDB)
N2 atmosphere to avoid dissolution of COz of the atmosphere.
I-b SDB | A table with log Ka values is provided. class 1
II-a SDB | As solid phase granite is reported. Elemental composition and
specific surface area is given. B (update
REF | Granite is from Lac de Bonnet batholith; albite, K-feldspar, biotite, | SDB)
quartz identified by XRD. It was crushed/sieved to 106~180 um
II-b SDB | Final pH values are reported. A
II-c SDB | It is indicated that redox conditions such as Eh values are not A/B
reported. (update
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REF

It is reported that oxygen was present in the atmosphere surroun-
ding the experimental solutions. An Eh value of 400 mV is indica-
ted for the experiments conducted under ambient conditions and
an Eh value of 150 mV for experiments performed under N2
atmosphere. Due to the redox stability of selenite under ambient
conditions, rating A/B is given.

SDB)

II-d

SDB

As water type, 1%, 10% and 100% synthetic groundwater WN-1M
is indicated. The solutions contain different concentrations of
fulvic acid and were pre-equilibrated before the sorption
experiments.

A/B

SDB

It is not specified at which temperature experiments had been
performed. It is assumed that experiments had been made at
ambient temperature.

C/D

SDB

20 mL of solution and 0.5 g of solid are indicated, giving 40 mL/g.
This corresponds to a solid surface of 1.2 m2.

C/D

SDB

For datapoints #60586-60592, zero sorption is indicated (formally
C/D, not rated). For the other datapoints, the sorption values
(calculated from Ka and L/S ratios)give the following rating.
datapoint # rating
60595, 60598, 60599, 60600, | A
60601, 60603, 60604, 60605
60593, 60594, 60596 B
60597, 60602 C/D

see table

II-h

SDB

Initial Se concentrations between 1.0X10 8M and 1.0X10 ¢ M
are given. Based on speciation calculations (for 25°C) using the
thermodynamic data in NAGRA-PSI thermodynamic database
(Hummel et al., 2002) supplemented with the solubility product of
CaSeOs (taken from NEA, 2005), the initial Se concentrations are
below the solubility limit. Fulvic acid has not been taken into
account in these calculations.

- # 60586, 60587, 60589, 60590, 60591, 60592, 60597, 60602

- all others

B
A

II-i

SDB
REF

Centrifugation of the samples is indicated as phase separation.
Solid and liquid phases had been separated by centrifugation at
30,000 g prior to analysis.

C/D
(update
SDB)

I

SDB

A reaction time of 28 days is indicated.

A/B

IT-k

REF

No information about the agitation of the samples is provided.

C/D

II-1

SDB

Ka values were obtained for three different initial Se
concentrations.

B

II'm

REF

The experiments were carried out in polycarbonate centrifuge
tubes. Radioisotope concentration in the blank was measured and
defined as initial radionuclide concentration. This could have led
to a possible overcorrection and rating C/D is applied.

C/D

II'n

SDB

No error information is available.

II-o

SDB

Experiments had been performed at two [RN] and with 1%, 10%
and 100% WN-1M synthetic solutions.
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Data table Se/5: REF: Ticknor et al. (1988)*

JAEA-SDB version 4 — DATA: Se/Granitic rocks; GRANITE, #60688-60696
GUIDELINE: Revision 4b (June 2, 2006)

* REMARK: Update of SDB required for checkpoints I-a.2 and II-1.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Separation of the samples is not reported.
REF | It is reported, that aliquots of the aqueous phases were taken for | Yes
the radiometric analysis. (update
Phase separation was performed by high-speed centrifugation SDB)
(personal communication with T. T. Vandergraaf).
I-b REF | A table with log Ka values is provided. class 1
II-a  SDB | As solid phases granite, purchased from the Cold Spring Quarry
on the Lac du Bonnet pluton in Manitoba are reported. A detailed A
chemical composition of the minerals and their specific surface
areas and CEC are available.
II-b SDB | Initial as well as final pH are indicated.
REF | The solution pH was determined with litmus paper (assumed A
range < 1 pH). No pH correction by addition of buffer was
performed after hydrazine addition.
II-c SDB | Redox conditions are reported for each experiment. Experiments
are performed under aerobic conditions, under nitrogen and under
reducing conditions with addition of hydrazine under nitrogen
atmosphere. All experiments were conducted in pre-equilibrated
systems. Initial and final Eh values are given.
- # 60691/93/94 (aerobic conditions, Se(IV)) A/B
- # 60689/90/92 (nitrogen atmosphere, Se(IV)) A/B
- # 60688/95/96 (hydrazine, nitrogen atmosphere, Se(—1I), only
one reducing agent is indicated) C/D
II-d SDB | As water type, 1%, 10% and 100% SCSSS (standard Canadian
Shield saline solution, synthetic brine) is indicated. Under
reducing conditions, the solutions are 0.08 M in hydrazine.
Final solution compositions are not given, but it is supposed that
no essential changes take place with 10% and 100% SCSSS. A/B
It is supposed that final solution compositions with 1% SCSSS
with goethite or hematite can be estimated. C/D
II-e SDB | A temperature of 22°C is indicated. A/B
II-f SDB | It is reported that standard-scale experiments used 10 mL of
solution and 0.4 g of solid. This corresponds to a liquid/solid ratio | A/B
of 25 mL/g.
II-¢ SDB | The sorption values (calculated from Kq and L/S ratios) range A
between 12% and 63%.
II'h  SDB | Initial Se concentrations between 4.43X107 11 M~8.84 X101 M
are given. Based on speciation calculations (for 25°C) using the A
thermodynamic data in JNC-TDB_011213c2 the initial Se
concentrations are below the solubility limit.
II-i REF | Phase separation was performed by high-speed centrifugation C/D
(personal communication with T. T. Vandergraaf). (update
SDB)
114 SDB | Areaction time of 14 days is indicated. C/D
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REF | No further (kinetic) information is provided.

II'k  REF | The samples were intermittently agitated. A/B
1I-1 SDB | No variation in L/S or initial Se concentration is indicated. C/D
IIrm REF | The experiments were carried out in polypropylene centrifuge
tubes. Sorption on vessel walls was not tested and no corrections C/D
had been done.
II'n SDB | No error information is available. D
II-o SDB | Only the SCSSS salinity is varied. C

Data table Se/6: REF: Davis and Leckie (1980)*

JAEA-SDB version 4 — DATA: Se/Other minerals; iron oxyhydroxide, #50201-50229
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Update of SDB required for checkpoints II-a and II-i.

Checkpoint | Evaluation Rating
I-ra.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided.
REF | Information about the separation was obtained by personal Yes
communication with James A. Davis.
I-b SDB | A graph with % sorbed Se(VI) as a function of pH is provided. class 4
II-a  SDB | As solid phase, iron oxyhydroxide is reported. It is indicated that
specific surface area and CEC are not reported. A (update
REF | The BET is reported in the cited publication (Davis and Leckie, SDB)
1978).
II-b SDB | Final pH values are reported. A
II-c SDB | All experiments had been performed under nitrogen atmosphere.
No reducing reactant was added to the solutions. Eh values are AB
not reported, however selenate is not redox sensitive under the
reported conditions.
II-d SDB | As water type, 0.1 M NaNOs1is indicated. Final solution compo-
sition is not given, but it is supposed that no essential changes A/B
take place with 0.1 M NaNOs.
II-e SDB | A temperature of 25°C is indicated. A/B
II-f SDB | Aliquid/solid ratio of 5,555 mL/g is indicated.
REF | It is reported that 1.0 X 10 3 M Fe(OH)3 was used in the C/D
experiments. Specific solid and solution data are not given.
II-g  SDB | The sorption value (calculated from Kq and L/S ratios) ranges A
between 8% and 90%.
II'h  SDB | Initial SeO42~ concentrations between 1.0 X103 and 2.0X 107
are given. Selenate is not solubility limited in a NaNOs-solution A
with iron oxyhydroxide as substrate.
II- REF | According to personal communication with James A. Davis, the C/D
samples had been centrifuged for phase separation. (tentative)
11 SDB | A reaction time of 0.017 days is indicated (25 minutes).
REF | Iron oxyhydroxide is not a stable solid phase, therefore relatively
short contact times were chosen. However uptake of selenate was | A/B
fast and within 25 minutes a metastable equilibrium state was
reached and results were reproducible.
II'’k  REF | No agitation method is reported, but experimental results indicate AB
that equilibrium had been reached.
1I-1 SDB | No isotherm is available, but initial [SeO42 ] had been varied. B
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II-m REF | No information about the reaction vessel is given. C/D
II'n REF | No error information is available. D
II-o SDB | Initial [SeO4 ] and pH had been varied systematically. B

Data table Se/7: REF: Fujikawa and Fukui (1997b)*

JAEA-SDB version 4 — DATA: Se/Other minerals; magnetite, hematite, #52015-52038

GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Data in SDB do not correspond to the given reference (Part I), they are from Part

11, Radiochimica Acta 76, 163-172 (1997).

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 log Ka values is provided. class 1
II-a  SDB | Magnetite and hematite are reported as mineral phases.
Mineralogy and characteristics of these compounds are A
determined.
REF | The solid phases were purchased from Nihon-Hikagaku Co.
II-b SDB | Final pH values are indicated. A
II-c SDB | It is indicated that Eh values are not reported.
REF | It is reported that experimental systems were oxic with Eh values
ranging from 100 to 300 mV in NaCl and Na2SO4 solutions and
from 80 to 200 mV in Na2COs and NaHCOs solutions.
The solid substrate magnetite is not stable under the reported Eh unreliable

values.

The oxidation states of Se in all supernatant solutions are
reported to be +IV and +VI. It is unclear in which state of the
experiments selenate had been generated. Therefore the given Ka
values are considered to be unreliable.

Data table Se/8: REF: Hayes et al. (1988)*

JAEA-SDB version 4 — DATA: Se/Other minerals; goethite, hydrous ferric oxide (HFO)
#52828-52974

GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for checkpoints I-a.2 and II-c.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | It is indicated that atmosphere/redox conditions are not reported. | Yes
REF | See annotations of criteria II-c. (tentative)
Ib SDB | Graphs with % sorbed SeO32~ and SeO42” are provided. class 4
II-a  SDB | As solid phases goethite and hydrous ferric oxide (HFO) are
indicated. The specific surface area of goethite is reported to be 52 | A
m2/g, the one of HFO is 600 m?2/g.
II-b SDB | Final pH values are reported and NaNOs was used as electrolyte A
solution.
II-c SDB | Redox conditions or Eh values are not reported.
REF | It is reported that no change of the redox status of selenate or
. . : . . A/B
selenite was observed over the equilibration time of the adsorption
. ) : (update
experiments. Assuming that no redox active agents were added to SDB)

the experiments and reactions were performed under ambient
conditions, rating A/B is given.
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II-d SDB | As water types, 0.001 M, 0.005 M, 0.01M, 0.1 M and 1.0 M NaNOs
are indicated.
REF | Final solution compositions are not given, but it is supposed that | A/B
no essential changes take place with solutions of concentrations
equal or higher than 0.01 M in NaNOs.
II-e SDB | It is indicated that reaction temperature is not reported. C/D
II-f SDB | Liquid/solid ratios of 33 mL/g (goethite) and of 11,236 mL/g (HFO)
are indicated.
REF | It is reported that for experiments 3 mL polypropylene vessels had | C/D
been used. In case of goethite # 52828 to 52905) this corresponds
to 90 mg of solid phase and a sorbent surface of 4.7 m2.
In case of HFO, 0.27 mg of solid in the experiment correspond to a
sorbent surface of 0.16 m2 with the reported L/S. C/D
II-g  SDB | The sorption values (calculated from Ka and L/S ratios) range
between 1% and 99%:
- # 52828/29/43/46, # 52832 to 52836, # 52896 to 52898, # 52938, # | B
52942-52944, # 52951/52, # 52959 to 52963
« # 52867-52873, # 52892/93, # 52908-52914, # 52928 to 52932, # | C/D
52955 to 52957
+ others A
II-h  SDB | Initial selenite or selenate concentrations of 1.0 X104 M are indi-
cated. In sodium nitrate solution selenite and selenate are not A
solubility limited.
II-1 SDB | Centrifugation is indicated as separation method. c/D
REF | Samples were centrifuged at 22,000 g for one hour.
11+ SDB | A reaction time of 0.27 days is indicated for experiments with
goethite, and 0.05 days for experiments with HFO.
REF | It is mentioned that kinetic studies over longer periods of C/D
equilibration (7 days) had shown no apparent oxidation/reduction
of selenium in goethite suspensions.
II-k  REF | The samples were agitated by end-over-end rotation at 8 rpm. A/B
1I-1 SDB | No variation in L/S or initial Se concentration is indicated. C/D
II'rm REF | The experiments were carried out in polypropylene centrifuge
tubes. Correction for sorption on vessel walls had not been B
performed.
II-n  SDB | No error information is available. D
II-o SDB | Electrolyte concentration and pH had been varied systematically. | B

Data table Se/9: REF: Shibutani et al. (1994)*

JAEA-SDB version 4 — DATA: Se/Other minerals; goethite, #59142-59169
GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Since information about the oxidation state of Se is not given in the SDB or
reference translation, it was assumed that Se is in the oxidation state +IV. The

classification is based on this assumption.

The Ka values of datapoints # 59142-59159 are precisely identical although
measured at different pH. It is assumed that theese datapoints were measured
at the detection limit and are therefore considered as unreliable. Update of SDB

required for checkpoints I-a.2, II-d, II-f and II-h.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | Redox state of Se and redox conditions (Eh values) are not (update
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reported. SDB)
REF | All experiments were carried out in an N2-atmospheric glove box | Yes
(02 < 1ppm). (tentative)

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

II-a  SDB | Goethite (a-FeOOH) is indicated as solid phase. Specific surface B
area 1s provided.

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 ppm of oxygen.

REF | It is reported that experiments had been performed under c/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, but A/B (revise
can be estimated, due to the use of goethite as pure mineral. SDB)

REF | As water type 0.1 M NaCl solution is reported.

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

II-f SDB | Aliquid/solid ratio of 20 mL/g is reported A/B

REF | The L/S ratio is indicated to be 25 mL/g. With the indicated (revise
specific surface area of 9 m?/g rating A/B is applied. SDB)

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

« #59160~59169 (7~81% sorption)

II-h  SDB | Initial [Se] is indicated as 1.0 X 104 M. According to
Phreeqci-calculations using the thermodynamic data in the
NAGRA-PSI thermodynamic database (Hummel et al., 2002), the | A (revise
reported Se concentration is clearly below the solubility limit (also | SDB)
in case of [Se]=1.0 X103 M).

REF | Initial [Se] is reported to be 1.0 X 1073 M.

II-i SDB | It is reported that reaction mixtures were filtered with a 10,000 B
MWCO (Molecular Weight Cut-Off) ultrafilter.

11 SDB | A contact time of 14 days is indicated. This reaction time is

. C/D
considered to be reasonably long.

II-’k  REF | There is no information about the agitation method. C/D

1I-1 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 c/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-o0 SDB | pH had been varied systematically. C
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Data table Se/10: REF: Shibutani et al. (1994)*
JAEA-SDB version 4 — DATA: Se/Other minerals; Al-oxide/-hydroxide, #59170-59178
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Since information about the oxidation state of Se is not given in the SDB or

reference translation, it was assumed that Se is in the oxidation state +IV. The

classification is based on this assumption.

The Ka values of datapoints # 59173-59175 and # 59177/59178 are precisely
identical although measured at different pH. It is assumed that theese

datapoints were measured at the detection limit and are therefore classified as
unreliable. Update of SDB required for checkpoints I-a.2, II-d, II-f and II-h.

Checkpoint | Evaluation Rating

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

I-a.2 SDB | Redox state of Se and redox conditions (Eh values) are not (update
reported. SDB)

REF | All experiments were carried out in an N2-atmospheric glove box | Yes
(02 < 1ppm). Redox state of Se not mentioned in the translation. (tentative)

I-b SDB | It is indicated that K4 values are provided as % sorbed. class 2

II-a  SDB | AI(OH)s is indicated as solid phase. Specific surface area is B
provided.

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 ppm of oxygen.

REF | It is reported that experiments had been performed under C/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, but A/B (revise
can be estimated, due to the use of AI(OH)s as pure mineral. SDB)

REF | As water type 0.1 M NaCl solution is reported.

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

II-f SDB | Aliquid/solid ratio of 20 mL/g is reported, but the L/S ratio is A/B (revise
indicated to be 100 mL/g. With the indicated specific surface area SDB)
of 23 m?/g rating A/B is applied.

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

* # 59176 (76% sorption) A

« # 59172 (3% sorption) B

« # 59171 (<1% sorption) C/D

« # 59170 (0% sorption; assumed calculation mistake) unreliable

II'h  SDB | Initial [Se] is indicated as 1.0 X 104 M. According to
Phreeqci-calculations using the thermodynamic data in the A
NAGRA-PSI thermodynamic database (Hummel et al., 2002), the (revi
reported Se concentration is clearly below the solubility limit (also Srgg)s ©
in case of [Se]=1.0 X103 M).

REF | Initial [Se] is reported to be 1.0 X 1073 M.

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.
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II-k  REF | There is no information about the agitation method. C/D
II-1 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 c/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/11: REF: Ticknor and McMurry (1996)*
JAEA-SDB version 4 — DATA: Se/Other minerals; goethite, #60606-60621
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update required for checkpoints I-a.2 and II-c
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | It is indicated that reaction atmosphere/redox conditions and the
reaction temperature are not reported. Yes
REF | It is reported, that solutions at lower pH were prepared and used | (update
in air. The solutions at higher pH were prepared and used under a | SDB)
Nz atmosphere to avoid dissolution of CO:z of the atmosphere.
I-b SDB | A table with log Ka values is provided. class 1
II-a  SDB | As solid phase goethite with up to 25% quartz obtained from
Biwabik, Minnesota is reported. The solid was crushed and wet A
sieved (details described). There is a detailed chemical composition
of the mineral available and its specific surface area is given.
II-b SDB | Final pH values are reported. A
II-c SDB | It is indicated that redox conditions such as Eh values are not
reported.
REF | It is reported that oxygen was present in the atmosphere surroun- AB
ding the experimental solutions. An Eh value of 400 mV is indica- (

. . Ny update
ted for the experiments conducted under ambient conditions and SDB)
an Eh value of 150 mV for experiments performed under N2
atmosphere. Due to the redox stability of selenite under ambient
conditions, rating A/B is given.

II-d SDB | As water type, 1%, 10% and 100% synthetic groundwater WN-1M
is indicated. The solutions contain different concentrations of A/B
fulvic acid and were pre-equilibrated before the sorption
experiments.

II-e SDB | It is not specified at which temperature experiments had been
performed. It is assumed that experiments had been made at C/D
ambient temperature.

II-f SDB | It is reported that standard-scale experiments used 20 mL of
solution and 0.5 g of solid. This corresponds to a liquid/solid ratio | C/D
of 40 mL/g and a solid surface of 1.2 m2.

II-¢ SDB | The sorption value (calculated from Ka and L/S ratios) ranges A
between 22% and 92%.

II'h  SDB | Initial Se concentrations between 1.0X10 8 M and 1.0X10 4 M

are given. Based on speciation calculations (for 25°C) using the
thermodynamic data in NAGRA-PSI thermodynamic database
(Hummel et al., 2002) supplemented with the thermodynamic
equilibrium of CaSeQOs (taken from NEA, 2005)), the initial Se
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concentrations are below the solubility limit.

+ # 60606/07, # 60610 to 60613, # 60615/17 B
- all others A
II-1 SDB | Centrifugation of the samples is indicated as phase separation.
REF | Solid and liquid phases had been separated by centrifugation at C/D
30,000 g prior to analysis.
11+ SDB | A reaction time of 28 days is indicated. A/B
II-k  REF | No information about the agitation of the samples is provided. C/D
II-1 SDB | Two different Se concentrations are indicated and similar Ka B
values were obtained.
II'm REF | The experiments were carried out in polycarbonate centrifuge
tubes. Radioisotope concentration in the blank was measured and c/D
defined as initial radionuclide concentration. This could have led
to a possible overcorrection and rating C/D is applied.
II'n SDB | No error information is available. D
II-o SDB | Experiments had been performed at two [RN] and with 1%, 10% B

and 100% WN-1M synthetic solutions.

Data table Se/12: REF: Ticknor et al. (1988)*
JAEA-SDB version 4 — DATA: Se/Other Minerals; goethite, hematite,
#60724-60732, # 60742-60750

GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Update of SDB required for checkpoints I-a.2 and II-1.

Checkpoint

Evaluation

Rating

I-a.l SDB

All mandatory fields are completed.

Yes

I-a.2 SDB
REF

Separation of the samples is not reported.

It is reported, that aliquots of the aqueous phases were taken for
the radiometric analysis.

Phase separation was performed by high-speed centrifugation
(personal communication with T. T. Vandergraaf).

Yes
(update
SDB)

I-b REF

A table with log Kd values is provided.

class 1

II-a SDB

As solid phases goethite and hematite, purchased from Wards
Natural Science Limited are reported. A detailed chemical compo-
sition of the minerals and their specific surface areas and CEC are
available. The hematite was used as received from the supplier.
The goethite was further treated, the sample was crushed and wet
sieved. It contains 15% of quartz.

II-b SDB

REF

Initial as well as final pH are indicated.

The solution pH was determined with litmus paper (assumed
range < 1 pH). No pH correction by addition of buffer was
performed after hydrazine addition.

II-c SDB

Redox conditions are reported for each experiment. Experiments
are performed under aerobic conditions, under nitrogen and under
reducing conditions with addition of hydrazine under nitrogen
atmosphere. All experiments were conducted in pre-equilibrated
systems. Initial and final Eh values are given.
- # 60727/28/30 and # 60744/45/48 (aerobic conditions, Se(VI))
“# 60729/31/32 and # 60746/47/50 (nitrogen atmosphere, Se(IV))
- #60724/25/26 and #60742/43/49 (hydrazine, nitrogen
atmosphere, Se(—1I), only one reducing agent is indicated)

A/B
A/B
C/D
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II-d SDB | As water type, 1%, 10% and 100% SCSSS (standard Canadian
Shield saline solution, synthetic brine) is indicated. Under
reducing conditions, the solutions are 0.08 M in hydrazine.
Final solution compositions are not given, but it is supposed that
no essential changes take place with 10% and 100% SCSSS. A/B
It 1s supposed that final solution compositions with 1% SCSSS
with goethite or hematite can be estimated. C/D
II-e SDB | A temperature of 22°C is indicated. A/B
II-f SDB | It is reported that standard-scale experiments used 10 mL of
solution and 0.4 g of solid. This corresponds to a liquid/solid ratio | A/B
of 25 mL/g.
II-¢ SDB | The sorption values (calculated from Ka and L/S ratios) range A
between 40% and 85%.
II-h  SDB | Initial Se concentrations between 4.34 X107 11 M and 1.21X10710
M are given. Based on speciation calculations (for 25°C) using the A
thermodynamic data in JNC-TDB_011213c2 the initial Se
concentrations are below the solubility limit.
II-i REF | Phase separation was performed by high-speed centrifugation C/D
(personal communication with T. T. Vandergraaf). (update
SDB)
11+ SDB | Areaction time of 14 days is indicated. c/D
REF | No further (kinetic) information is provided.
II-k  REF | The samples were intermittently agitated. A/B
1I-1 SDB | No variation in L/S or initial Se concentration is indicated. C/D
II'm REF | The experiments were carried out in polypropylene centrifuge
tubes. Sorption on vessel walls was not tested and no corrections C/D
had been done.
II'n  SDB | No error information is available. D
IT-o SDB | Only the SCSSS salinity is varied. C




JAEA-Data/Code 2009-021

3.1.5 Thorium

Data table Th/1: REF: Allard et al. (1979b)
JAEA-SDB version 4 - DATA: Th/Granitic rocks; granite #42459-42470

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 log Ka values is given. class 1
II-a SDB | As solid phase granite is indicated. Mineralogy and surface
L C/D
characteristics are not reported.
1I-b SDB | Initial pH values are reported. C
II-c SDB | Redox state of Th is not indicated. Experiments had been
REF | performed under aerobic conditions. Eh values not reported. This | A/B
not redox sensitive.
II-d SDB | Detailed compositions of two different water types are indicated. A/B
II-e SDB | A reaction temperature of 25°C and 65°C is indicated. A/B
II-f SDB | A liquid/solid ratio of 30~50 mL/g is reported.
REF | A surface to mass ratio of <10 m2/kg is reported. Assumed that this /D
is the specific surface of granite, with 1~3 g of solid phase per
reaction vial the total surface is 0.01~0.03 m2/vial.
II-g SDB | The following sorption values were calculated from Kq and L/S
REF | ratios:
#42461 (98%), 42467 (96%), 42468 (96%), 42469 (96%) B
#42460 (100%), 42464 (99%) C/D
II-h SDB | Initial [Th] is reported as 1.0 X 1075 M and <1.0X 1078 M.
REF | According to the data from Rai et al.(1999a) and based on
speciation calculations with Phreeqci 2.14.3 using the
thermodynamic data in the NAGRA-PSI thermodynamic database
(Hummel et al., 2002) the initial [Th] of 1.0 X 1075 M was clearly
above the respective solubility limit for the reported data at pH
8.2. These datapoints are considered as unreliable and are
excluded from further evaluation. The initial [Th] of <1.0X 1078 M
is clearly below the solubility limit and for these datapoints rating
A is applied. unreliable
#42459, 42462, 42463, 42465, 42466 and 42470 A
#42460, 42461, 42464, 42467, 42468 and 42469
II-i SDB | It is indicated that samples had been centrifuged during 50
minutes at 7,000 rpm and filtered through a 0.2 um membrane A
REF | filter.
It is reported that filtration did not change the sorption values.
115 SDB | A contact time of 7 to 180 is indicated. The log Ka values of equal
experiments but different reaction times differ by a factor of about
10. Since there is only the initial pH vales provided and the
reaction time of 7 days is considered to be reasonable long, the
data with a reaction time of 180 days are assessed as unreliable:
#42460 and 42464 unreliable
#42461, 42467-42469 C/D
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The natural groundwaters contain 0.5 and 20 mL/g of iron.
Reported Ka values of Th and Am show a significant increase at a
contact time of 180 days, whereas Ka values of Cs do not differ
much from the values measured after 7 days. On the basis of this
information, sorption of Am and Th onto iron oxides is very likely
during a contact time of 180 days.

II-k REF | The samples were shaken. A/B
II-1 REF | No variation in L/S is indicated. There are two initial Th
concentrations indicated, but datapoints of higher [Th] were C/D
considered as unreliable in checkpoint No. II-h.
II'm  REF | The experiments were carried out in glass bottles. Corrections for
. C/D
sorption on vessel wall have not been done.
II'n REF | No error estimates are indicated. Number of replicates is not D
reported.
II-o REF | Sorption was measured at two different temperatures. C

Data table Th/2: REF: Allard et al. (1978)*

JAEA-SDB version 4 - DATA: Th/Granitic rocks; granite #42230, 42231
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: The solid/liquid ratio needs to be verified. Update of SDB required for checkpoints

I-b, II-b, II-C, II-d, IT-h 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
Ib SDB | Ka values are provided in [m3/kg]. lass 1
REF | Only two of nine available Ka values from the reference are fuasdsa to
transferred to the SDB. The Ka values in SDB do not correspond to SlgB)
the reported values in the reference.
II-a SDB | As solid phase granite is indicated. Major mineralogy and surface c/D
characteristics are not reported.
II-b SDB | Initial and final pH values are reported. (updat
REF | Apparently for experiments concerning complex formation and SulgB? ©
solubility a pH of 7 to 9 was applied. Seemingly no pH values are D
reported for the sorption experiments, but it is assumed that (tentative)
experiments had been performed at a pH of 7 to 9.
II-c SDB | Redox state of Th is indicated as +IV. Experiments had been
performed under aerobic and under reducing conditions with
Fe(II/III) present in solution. Eh values are reported to be —0.15 (Suggiite
to —0.21 V for experiment #42230. Th is not redox sensitive. AB
REF | Eh values in a pH range of 7~9 are reported to be —0.15 to —
0.27 V.
II-d SDB | It is indicated that experiments had been performed in synthetic | A/B
groundwater aq293. Final solution composition is reported.
There are datapoints of experiments with another synthetic (update
groundwater aql1105 available. SDB)
For datapoint #42230 the concentration of reducing agent unreliable
Fe(II/ITI) in solution is not reported.
II-e SDB | A temperature of 25°C is indicated. A/B
II-f REF | Due to lacking surface characteristics and the applied amount of c/D

solid phase for the experiments, rating C/D is applied.
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II-¢ SDB | An L/S ratio of 11 mL/g is indicated in the SDB. However there
was no information found in the reference concerning the L/S. c/D
Sorption values need to be validated after update of the SDB, since (tentative)
listed Ka values do not correspond to the information found in the
reference.
II'h SDB | An initial Th concentration of 1.0 X 10711 is indicated. (update
REF | Sorption measurements had been performed at a [Th] of 1.0X1078 | SDB)
M (Kq values >4.0 and 3.6 (180d), and 2.9 and 3.1 (7d)). Based on
speciation calculations with Phreeqci 2.14.3 using the
thermodynamic data in the NAGRA-PSI thermodynamic database
(Hummel et al., 2002) the initial Th concentration of 1.0 X 1078 M
is clearly below the solubility limit for the data at pH 7 to 9. The A
[Th] of 1.0X1075 M is clearly above the solubility limit, therefore
datapoints with Kq values 3.3, 3.7, 2.9 and 3.1 are considered as unreliable
unreliable.
II-i SDB | It is indicated that samples had been centrifuged for 50 min. at
4,000 rpm. (update
REF | It is assumed that for sorption experiments the samples were SDB)
treated similar as described for sorption experiments of C/D
americium: Centrifugation for 1h at 7,000 rpm and eventually (tentative)
filtration over 0.2 um membrane.
11+ SDB | A contact time of 180 days is indicated.
REF | Additional datapoints are available with a contact time of 7 days C/D
(Ka values three times 2.9 and 3.1 m3/kg).
II-k REF | There was no information found concerning the agitation of the c/D
samples.
1I-1 REF | No variation in L/S or initial Th of reliable datapoints had been c/D
performed.
II-m  REF | Information about the type of reaction vial was found in the c/D
reference.
II'n REF | No error information is available. D
II-o REF | No parameter variation is indicated. D

Data table Th/3: REF: Koskinen et al. (1985)*
JAEA-SDB version 4 - DATA: Th/Granitic rocks; mica gneiss and tonalite #54053-54056
GUIDELINE: Revision 4b (May 19, 2005)

*REMARK: Update of SDB required for checkpoints II-a 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 REF | Ka values are provided in [mL/g]. class 1
II-a SDB | As solid phase mica gneiss and tonalite are indicated. It is
indicated that surface characteristics are not reported. (update
REF | The main minerals of the crushed rocks are reported for both, SDB)
tonalite and mica gneiss. Grain size and surface characteristics are | C/D
not reported.
II-b SDB | Initial and final discrete pH values are reported. A
II-c SDB | Thorium with the oxidation state (+IV) and oxic conditions are
indicated. This is not redox sensitive. A/B
REF | 234Th was separated from dilute HNOs-solution of uranylnitrate by
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TTA-extraction and was added as Th(NO3)a.

II-d SDB | It is indicated that synthetic groundwater was used for
experiments and a detailed solution composition is given.
II-e SDB | A temperature of 20°C is indicated. A/B
II-f REF | Due to lacking surface characteristics and the applied amount of o/D
solid phase for the experiments, rating C/D is applied.
II-g SDB | The sorption value is calculated from Ka and L/S ratios and is for
: C/D
all datapoints 99%.
II-h SDB | An initial Th concentration of 1.0 X10713 to 1.0 X 10715 is reported.
According to the data in Rai et al. (1999a) the [Th] is at a pH of 8to | A
9 clearly below the solubility limit.
II-i SDB | It is indicated that samples had been centrifuged for 60 min. at
8,000 rpm. Samples of datapoints #54054 and #54055 had B
additionally been filtered over a 0.45 um membrane. There is no
effect of filtration on the Ka-values.
II4 SDB | A contact time of 14 days is indicated. C/D
REF | The radionuclide was added after one week of pre-equilibration (update
with synthetic groundwater and was allowed to react for 7 days. SDB)
II-k REF | The samples were shaken. A/B
II-1 REF | No variation in L/S or initial Th concentration is indicated. C/D
II'm  REF | Reactions had been done in plastic centrifuge tubes and no
corrections for the sorption on the vessel walls had been B
performed.
II-n REF | No error information is available. D
IT-o REF | No parameter variation is indicated. D
Data table Th/4: REF: Ueta (1998)*
JAEA-SDB version 4 — DATA: Th/Granitic rocks; granodiorite #61613-61620
GUIDELINE: Revision 4b (May 19, 2005)
*REMAEK: Update of SDB required for checkpoints II-a and II-d.
Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. Yes
Ib SDB | Ka values are provided in [m3/kg]. class 1
II-a  SDB | As solid phase granodiorite from Gunnma-ken Souri is indicated. | C/D
Major mineralogy and surface characteristics of the granodiorite
are not reported. update
REF | A surface area of 0.7 m?/g is reported. SDB
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 | A/B
is not redox sensitive.
II-d SDB | Experiments had been performed in seawater and distilled water.
Final solution compositions are not reported: update
+ #61613-61616: due to lacking mineralogy the solution SDB
composition after equilibration with distilled water cannot | unreliable,
be estimated. no further
- #61617-61620: it is supposed that no essential changes take | evaluation
place with seawater. A/B
REF

Carbonate concentrations of the solutions are reported. Solutions
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had been analysed after pre-equilibration.

II-e  SDB | A temperature of 25°C is indicated. A/B
II-f SDB | It is indicated that 1 g of solid per reaction vial was used. With the c/D
indicated BET the total solid surface is 0.7 m2/vial.
II-g  REF | The sorption values are calculated from Ka and L/S ratios. It is A
91% for datapoints # 61617-616120.
II'h  SDB | An initial Th concentration of 5.0 X 10792 M is indicated. Based on
speciation calculations with Phreeqci 2.14.3 using the
thermodynamic data in the NAGRA-PSI thermodynamic database C/D
(Hummel et al., 2002) the initial Th concentration was just below
the respective solubility limit for the reported data around pH 8
(supported by checkpoint II-i).
II-1 SDB | Similar results were obtained by filtration over 0.45 pm
membranes and filtration over a 10,000 MWCO (molecular weight | A
cut-off) filter.
II-j SDB | A contact time of 30 days is indicated. C/D
II'’k  REF | The samples were shaken. A/B
II-1 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 was extracted by acid oD
leaching. Further information about correction procedure is not
available.
II'n  SDB | No error information is available. D
II-o SDB | No parameter variation is indicated. D

Data table Th/5: REF: Hunter et al. (1988)*
JAEA-SDB version 4 — DATA: Th/Other minerals; Fe-oxide/-hydroxide #53524-53526
GUIDELINE: Revision 4b (May 19, 2005)
* REMARK: Only three datapoints out of several data sets are listed in the SDB (Points

should be entered into SDB or a remark in SDB is required). Update of SDB
required for checkpoints I-a.2.

Checkpoint | Evaluation Rating
I-a.1 SDB | All mandatory fields are completed. Yes
I-a.2 SDB | All mandatory information is provided. It is indicated that the Yes
redox state of Th is not reported. (update
REF | Oxidation state of Th is reported. Th is not redox sensitive. SDB)
I-b REF | Alinear graph with % sorbed Th is provided. class 4
II-a  SDB | As solid phase goethite with its CEC is indicated. A
II-b SDB | Final pH values are reported. A
II-c SDB | No redox conditions are indicated. Th is not redox sensitive. A/B
II-d SDB | UV irradiated seawater is indicated.
REF | The salinity of the natural seawater is reported to be 3.42% (~0.1
M). A detailed solution compsition is not given. It is A/B
indicated/suggested that the effects of carbonate and bicarbonate
ions on Th adsorption by goethite can be neglected at seawater
alkalinities.
II-e SDB | A reaction temperature of 20°C is indicated. A/B
II-f SDB | Aliquid/solid ratio of 1,852 mL/g is reported.
REF | A typical specific surface area of FeOOH reported in the literature | A/B

is found to be 18 to 40 m2?/g. For the experiments 0.54 g of solid
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and 1 L of solution were used for experiments. With a BET value
of 18 m?/g rating A/B is applied.

II-g  REF | The sorption values (calculated from Ka and L/S ratios) are 26, 54

and 91%. A
II-h  SDB | Initial [Th] is reported as 9.0 X 106 M. According to the data from
Rai et al. (1999a) the given [Th] is at a pH of 4.0 to 5.0 clearly A
below the solubility limit.
II-i SDB | It is indicated that samples had been centrifuged during 15 c/D
minutes at 4,500 g.
11 SDB | A contact time of 0.1 day is indicated.

REF | Despite the short contact time of 3 hrs rating C/D is applied, since c/D
it is reported that separate kinetic measurements established the
completeness of Th-uptake by the oxide after 3 hours.

II'’k  REF | Samples were not agitated during the adsorption period, since AB
separate experiments showed that this had no effect on the (tentative)

measured uptake of Th.

I1-1 SDB | No variation in L/S or initial Th concentration is indicated. C/D

II'm REF | The experiments were carried out in pyrex glass vessels.
Adsorption to the flask walls was measured in separate
experiments by nitric acid leaching of the vessel walls. Losses C/D
were less than 10%. No further information about correction
procedures available.

II'n  SDB | No error estimates are indicated. Number of replicates is not
reported.

II'o SDB | Sorption was measured at different pH values (sorption edge). C

Data table Th/6: REF: Righetto et al. (1988)*

JAEA-SDB version 4 — DATA: Th/Other minerals; Al-oxide/-hydroxide #58545-58547

GUIDELINE: Revision 4b (May 19, 2005)

* REMARK: Only three datapoints are listed in the SDB, due to the original selection of data
in context of sorption onto bentonite. Additional information about sorption of Th
on aluminum oxide e.g. in presence of carbonate in solution is provided in the
reference. Update of SDB required for checkpoints II-c, II-f, II-e and maybe II-o.

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 | Alinear graph with % sorbed Th is indicated. class 4

II-a  SDB | As solid phase aluminum oxide with BET and CEC is indicated. A

II-b SDB | Final discrete pH values are reported and 0.1 M NaClO4 solution A
was used for the experiments.

II-c SDB | Thorium with the oxidation state (+IV) is indicated. No further A/B
redox conditions are given. Th is not redox sensitive.

REF | It is reported that experiments had been made under oxic update
conditions. SDB
II-d SDB | Itis indicated that the solution was 0.1 M in NaClO4 (post AB
equilibration).
II-e SDB | Temperature is not specified. C/D

II-f REF | Rating is done based on the indicated L/S ratio (100 L/g). With a
BET of 130 m2/g and assumed that 0.01 g per reaction vial were C/D
used, a surface of 1.3 m2/vial is obtained at best.
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II-g  REF | The sorption values are calculated from Kq and L/S ratios and are A
51%, 8% and 91%.
II-h  SDB | An initial Th concentration of 1.0 X 10711 M is reported. According
to the data in Rai et al. (1999a) the [Th] is at a pH of 1.8 to 3.6 A
clearly below the solubility limit.
111 SDB | It is indicated that samples had been centrifuged for 60 min. at B
55,000 rpm (ultracentrifugation).
I SDB | A contact time of 7 days is indicated.
REF | The radionuclide was added after one month of pre-equilibration AB
and was allowed to react for 7 days. It is reported that reaction
time was determined by preliminary kinetic runs.
II'k  REF | The samples were mechanically shaken. A/B
II-1 SDB | No variation in L/S or initial Th concentration is indicated. C/D
II'm REF | Reactions had been done in polyallomer ultracentrifuge tubes
“quick seal” of Beckman. Parallel experiments without B
centrifugation were performed to quantify the nuclide adsorption
on the tube walls. Apparantly no corrections had been done.
II'n SDB | No error information is available. D
II-o SDB | pH had been varied. C
REF | Additional experiments are reported (datapoints not in SDB) maybe
where sorption on aluminum oxide in presence of carbonate in update
solution had been studied. SDB
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3.2 Criteria II1

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 3.2.1-1.

Reference Data table

Solid phase (group/solids)

Allard & Beall (1979) Am/16
Allard & Beall (1979) Am/17
Degueldre et al. (1994)  Am/18

other minerals / corundum, gibbsite
other minerals / hematite, magnetite
other minerals / hematite

Higgo et al. (1983) Am/19 other minerals / am. Fe- and Mn-oxides
Righetto et al. (1988) Am/20 other minerals / Al-oxide

Allard et al. (1979b) Am/3 granitic rocks / granite

Berry et al. (2007) Am/8 granitic rocks / granodiorite

Ikeda & Amaya. (1998) Am/11
Kitamura et al. (1999a) Am/12

granitic rocks / granodiorite
granitic rocks / granite
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& Am, hematite/magnetite, Allard and Beall(1979)

O Am, hematite, 0.01M carbonate, Degueldre et al.(1994)
Am, am. FeMnOox, seawater, Higgo et al.(1983)

[ Am, corundum/gibbsite, Allard and Beall(1979)

O Am, Al-ox, 0.IM-NaClO4, Righetto et al.(1988)

@ Am, granite, Aq293, Allard et al.(1979b)

A Am, granite, Aq1105, Allard et al.(1979b)

@ Am, granodiorite, pre—equil DW, Berry et al(2007)

O Am, granodiote, seawater/DW, lkeda and Amaya(1998)

A Am, granite, 0.01M-NaClO4, Kitamura et al.(1999a)

A Am, granite, 0.IM-NaClO4, Kitamura et al.(1999a)

O Am, smectite, 0.1M-NaClO4, Gorgeon(1994)

A Am, bentonite, saline GW, Salter et al.(1981)

Figure 3.2.1-1 Overview of sorption data for Am on metal oxide minerals and granitic rocks.
For comparison, sorption data for Am on smectite and bentonite are also shown.
DW = distilled water, GW = ground water.

Overall, the data of Am sorption on a variety of minerals plotted in  Figure 3.2.1-1

show a fairly clear trend of increasing Ka with increasing pH. Considering further the

differences in conditions, the deviations from this trend are surprisingly small for a

large portion of the pH range considered.

With the exception of a few data obtained on (mostly amorphous) metal oxides, the data
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in Figure 3.2.1-1 indicate a roughly lineraly rising sorption envelope between pH 2~9,
followed by a nearly level part up to pH > 12. Even at very high pH, there is no
indication of a downward curving sorption edge. This general picture is consistent with
the hydrolysis behavior of Am, where the uncharged Am(OH)s(aq) forms already at
slightrly alkaline pH and is the highest hydrolytic species (no further hydrolysis occurs

with increasing pH, see Guillaumont et al., 2003).

In order to facilitate a comparison within the three mineral/solid groups considered, the
respective data are shown in separate plots below. The data for smectite and bentonite
are always included for reference.

Figure 3.2.1-2 shows that the sorption of Am on metal oxides is generally stronger than
on clays. This is consistent with the strong tendency of Am to form surface complexes
and the high concentration of SOH-groups on Fe- and Al-oxides. The trend of Ka vs. pH
is similar for clays and metal oxides, which would also be expected based on the
assumed sorption mechanism. The samples used in the experiments by Higgo et al.
(1983) contain Mn-oxides, which are known to be even more efficient sorbents than
Fe-oxides. This explains the high Kaq values even in the presence of seawater. The
difference in the values by Degueldre under identical chemical conditions may be due to
difference in L/S (see data table Am/18).

The Ka values measured by Allard and Beall (1979) are significantly lower than the
other data discussed here. The reason is not clear: Lowering of K4 due to the formation
of dissolved complexes should not be more significant than in case of the other studies
considered. Allard and Beall (1979) did not use a very effective phase separation method,
but carried out corrections for sorption on vessel walls, on the other hand. However, it
would require examination of the underlying raw data to decide whether these issues
led to erroneously low values. On the other hand, Allard and Beall (1979) used
commercial samples of crystalline phases; such solids may have significantly smaller
surface areas than natural samples. Considering all issues, the data by Allard and Beall

(1979) are evaluated as being not representative for Am sorption on metal oxides.
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10000 © < Am, hematite/magnetite, Allard and Beall(1979)
O Am, hematite, 0.01M carbonate, Degueldre et al.(1994)
- Am, am. FeMnOox, seawater, Higgo et al.(1983)
1000 | E Am, corundum/gibbsite, Allard and Beall(1979)
'E O < OAm, Al-ox, 0.1M-NaClO4, Righetto et al.(1988)
"E O o= OfQ? 7777777 & Am, smectite, 0.1M-NaClO4, Gorgeon(1994)
- A Am, bentonite, saline GW, Salter et al.(1981)
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Figure 3.2.1-2 Overview of sorption data for Am on metal oxide minerals. For comparison,
sorption data for Am on smectite and bentonite are also shown. DW = distilled
water, GW = ground water.

The data for Am sorption on grantic rocks are given in Figure 3.2.1-3. On average, it
appears that sorption of Am on granitic rocks is identical to sorption on smectite in
terms of trend as a function of pH as well as in terms of magnitude. While the same
trend would be expected, it is surprising that sorption on samples of granite and
granodiorite is identical to sorption on pure smectite. Granitic rocks typically contain
quartz, feldspar, and mica minerals. Based on crystal structure and experience, it can
be assumed as a first approximation that sorption of Am will take place primarily on the
mica edge surfaces. Modeling results of a simple sorption model based on this
assumption (Lothenbach and Ochs, 1999) show that the sorption of Am on edge-type
surfaces is so strong, that equally high Ka values may be obtained for granitic rocks and
bentonite, depending on solution composition. All data for Am sorption on granitic rocks
shown in Figure 3.2.1-3 are evaluated as consistent with independent data. The data
from Allard et al. (1979b) are compared with other data for various granite samples
(classified earlier, see Ochs and Kunze, 2008), as well as with selected data for clays,
reflecting conditions of intermediate to high ionic strength. While the data by Allard et
al. (1979b) refer to only one pH, it is evident that they are consistent with other reliable
data.
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® Am, granite, Ag293, Allard et al.(1979b)

A Am, granite, Aq1105, Allard et al.(1979b)

@ Am, granodiorite, pre—equil DW, Baston et al (1999)

O Am, granodiote, seawater/DW, Ikeda and Amaya(1998)
A Am, granite, 0.01M-NaClO4, Kitamura et al.(1999a)

A Am, granite, 0.1IM—-NaClO4, Kitamura et al.(1999a)

O Am, smectite, 0.1M-NaClO4, Gorgeon(1994)

A Am, bentonite, saline GW, Salter et al.(1981)

Figure 3.2.1-3 Overview of sorption data for Am on granitic rocks. For comparison, sorption
data for Am on smectite and bentonite are also shown. DW = distilled water, GW = ground

water.

3.2.2 Evaluation of data for selenium

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

Figure 3.2.2-1.

Reference Data table Solid phase (group/solids)

Davis and Leckie (1980) Se/6 other minerals / iron oxyhydroxide
Hayes et al. (1988) Se/8 other minerals / goethite, HFO
Shibutani et al. (1994) Se/9 other minerals / goethite

Shibutani et al. (1994) Se/10 other minerals / Al-oxide/-hydroxide
Ticknor and McMurry (1996) Se/11 other minerals / goethite

Ticknor et al. (1988) Se/12 other minerals / goethite, hematite
Sato et al. (1997) Se/2 granitic rocks / granodiorite

Figure 3.2.2-2 shows a separate plot of the data obtained by Hayes et al. (1988) and by

Davis and Leckie (1980) in simple electrolyte solutions. This plot shows the different

behavior of selenate and selenite, which can be expected on the basis of, and is

consistent with, spectroscopic information as well as insights from modeling excercises

(NEA, 2005). The following patterns become apparent from Figure 3.2.2-2:
Ka values for both Se(VI) and Se(IV) show the same trend as a function of pH,

this trend is typical for ligand-exchange of anionic species on oxide-type mineral

surfaces;

the sorption of Se(VI) is weaker than the sorption of Se(IV), which is consistent

with the different stability of selenate- and selenite-metal complexes;

the sorption behavior of Se(IV) is independent of the concentration of the

background electrolyte, which is typical for inner-sphere ligand exchange;
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Ka for Se(VI) changes as function of the concentration of the background

electrolyte, which indicates competition between selenate and the electrolyte

anions and is typical for outer-sphere interaction.

14

@ Se(IV), goethite, 0.005M-NaNO3, Hayes et al.(1988)

® Se(lV), goethite, 0.1M-NaNO3, Hayes et al.(1988)
Se(IV), goethite, IM-NaNO3, Hayes et al.(1988)

A Se(IV), HFO, 0.01M-NaNO3, Hayes et al.(1988)

@ Se(IV), HFO, TM-NaNO3, Hayes et al.(1988)

[ Se(V), goethite, 0.001M-NaNO3, Hayes et al.(1988)

O Se(VI), goethite, 0.01M-NaNO3, Hayes et al.(1988)

O Se(VI), goethite, 0.1M-NaNO3, Hayes et al.(1988)

X Se(VI), goethite, TM-NaNO3, Hayes et al.(1988)

[J Se(VD), HFO, 0.013M-NaNO3, Hayes et al.(1988)

O Se(VD), HFO, 0.1M-NaNO3, Hayes et al.(1988)

X Se(VI), HFO, 1TM-NaNO3, Hayes et al.(1988)

A Se(VI), Fe—ox, Davis and Leckie(1980)

X Se(IV), goethite, SCSSS1%, Ticknor et al.(1988)

O Se(lV), goethite, SCSSS10%, Ticknor et al.(1988)

A Se(IV), goethite, SCSSS100%, Ticknor et al.(1988)
Se(IV), hematite, SCSSS1%, Ticknor et al.(1988)
Se(IV), hematite, SCSSS10%, Ticknor et al.(1988)
Se(IV), hematite, SCSSS100%, Ticknor et al.(1988)

O Se(-I), goethite, Ticknor et al.(1988)

A Se(-I), hematite, Ticknor et al.(1988)

+ Se(IV), goethite, groundwater, Ticknor and McMurry(1996)

O Se(lV), granodiorite, groundwater, Sato et al.(1997)

A Se, goethite, 0.01M—-NaCl, Shibutani et al.(1994)

< Se, Al-ox, 0.01M-NaCl, Shibutani et al.(1994)

Figure 3.2.2-1 Overview of sorption data for Se on Fe-oxide minerals and granitic rocks. HFO =
hydrous ferric oxide, SCSSS = standard Canadian shield saline solution, DW =
distilled water, (S)GW = (synthetic) groundwater.
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# Se(1V), goethite, 0.005M-NaNO3, Hayes et al.(1988)

® Se(1V), goethite, 0.1M-NaNO3, Hayes et al.(1988)
Se(IV), goethite, IM-NaNO3, Hayes et al.(1988)

A Se(1V), HFO, 0.01M-NaNO3, Hayes et al.(1988)

@ Se(IV), HFO, TM-NaNO3, Hayes et al.(1988)

O Se(VI), goethite, 0.001M-NaNO3, Hayes et al.(1988)

< Se(VI), goethite, 0.01M-NaNO3, Hayes et al.(1988)

O Se(VI), goethite, 0.IM-NaNO3, Hayes et al.(1988)

X Se(VI), goethite, IM-NaNO3, Hayes et al (1988)

O Se(VI), HFO, 0.013M-NaNO3, Hayes et al.(1988)

O Se(VI), HFO, 0.1M-NaNO03, Hayes et al.(1988)

X Se(VI), HFO, TM-NaNO3, Hayes et al.(1988)

A Se(VI), Fe—ox, Davis and Leckie(1980)

Figure 3.2.2-2 Overview of sorption data for Se on Fe-oxides and -hydroxides. HFO = hydrous

ferric oxide.

Figure 3.2.2-3 summarizes the data by Ticknor et al. (1988), Ticknor and McMurray
(1996) and Shibutani et al.(1994) on goethite and hematite. The data by Ticknor and

co-workers all refer to Se(IV), the respective Ka values appear to be more representative

for Se(VI) than for Se(IV), however. In case of the data by Ticknor, the relatively low

sorption may be explained with the presence of fulvic acid in the groundwater used for

the experiments. However, no direct comparison with any other data is possible.

— 100 —
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Therefore, these data are regarded as being not inconsistent with the available

independent data.

1.E+04 # Se(lV), goethite, 0.005M-NaNO3, Hayes et al.(1988)
® Se(V), goethite, 0.1M-NaNO3, Hayes et al(1988)
1E+03 [ ———— Qé%d(; 7777777777777777777 Se(lV), goethite, IM-NaNO3, Hayes et al.(1988)
° A Se(IV), HFO, 0.01M-NaNO3, Hayes et al(1988)
1E+02 ?Zo © Se(IV), HFO, 1M-NaNO3, Hayes et al(1988)
- oo % O Se(VI), goethite, 0.001M-NaNO3, Hayes et al(1988)
~ 1E+01 O % & Se(VI), goethite, 0.01M-NaNO3, Hayes et al(1988)
% B g‘?g% B % 7777777777 O Se(VI), goethite, 0.1M-NaNO3, Hayes et al(1988)
B x OO %:‘+ ‘30 X Se(VI), goethite, 1M-NaNO3, Hayes et al.(1988)
z 1E-01 | XX O},‘.O ‘H:“_ A AT® 0O Se(VI), HFO, 0.013M-NaNO3, Hayes et al.(1988)
>S< éaéj A ‘ X Se(lV), goethite, SCSSS1%, Ticknor et al.(1988)
1E-02 | X>§< O’g% ‘X O Se(lV), goethite, SCSSS10%, Ticknor et al.(1988)
Xxx 8 A A& A Se(1V), goethite, SCSSS100%, Ticknor et al.(1988)
1E-3 """~~~ --3 WX T A Se(IV), hematite, SCSSS1%, Ticknor et al.(1988)
xXa Se(V), hematite, SCSSS10%, Ticknor et al.(1988)
1.E-04 Se(IV), hematite, SCSSS100%, Ticknor et al.(1988)
2 4 6 8 10 12 14 + Se(IV), goethite, groundwater, Ticknor and McMurry(1996)
pH A Se, goethite, 0.01M-NaCl, Shibutani et al.(1994)

Figure 3.2.2-3 Overview of sorption data for Se on goethite and hematite by Ticknor et al.
(1988), Ticknor and McMurray (1996) and Shibutani et al.(1994). Data by Hayes
et al. (1988) are given for comparison. HFO = hydrous ferric oxide, SCSSS =
standard Canadian Shield saline solution.

In the case of the data by Ticknor et al. (1988), it may also be possible that competition
by the high chloride concentration in the SCSSS lead to the oberved low sorption, which
appears to more representative for Se(VI) than for Se(IV). However, there seems to be
little systematic difference between the various chloride concentrations used. It is also
not clear why the effect of chloride would be stronger than the effect of fulvic acid. On
the other hand, there is no evidence that an oxidation of Se(IV) occurred (there is no
difference between experiments in the presence and absence of oxygen). Based on this
discussion, the data for Se(IV) by Ticknor et al. (1988) are evaluated as being not
conclusive regarding consistency with other data.

In the case of the data by Ticknor and McMurray (1996), the dataset shown for goethite
have been obtained within a limited range of pH and do not show a significant trend as
a function of pH, but they are approximately consistent with each other. Note that the
data by Ticknor and McMurray (1996) for goethite refer to several different conditions
in terms of chloride and fulvic acid concentrartions, which is the reason for the apparent
scatter.

Figure 3.2.2-4 focuses on the data for Se on goethite and Al-oxide by Shibutani et al.
(1994), and for Se(—II) on goethite and hematite by Ticknor et al. (1988). The data by
Shibutani et al. (1994) show a pH-dependency that is different from any other dataset.
While the data at higher pH appear to be approximately consistent with the data for

— 101 —
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Se(IV) by Hayes et al. (1988), the data below pH ~ 8 show a constant Ka over a wide
range of pH. This behavior is inconsistent with all other observations as well as with the
expected behavior of selenite (or selenate). Tentaively, these data are evaluated as
unreliable. From tables Se/9 and Se/10, it appears that these data correspond to
conditions where nearly all of the Se present had been removed from solution. Thus, it
may be that the flat part of the sorption curve represents an analytical detection limit.

The data of Ticknor et al. (1988) shown in Figure 3.2.2-4 are the only data for selenide,
to our knowledge. Therefore, no comparison with other data is possible. Bsed on the
general chemical behavior of the different oxidation stetes of Se, intermediate sorption

between Se(IV) and Se(VI) appears to be reasonable.

1E+04 # Se(IV), goethite, 0.005M-NaNO3, Hayes et al.(1988)
® Se(IV), goethite, 0.1IM-NaNO3, Hayes et al.(1988)
1.£+03 °e,, Se(lV), goethite, TM-NaNO3, Hayes et al (1988)
1E+02 | %o A Se(IV), HFO, 001M-NaNO3, Hayes et al (1988)
8 ‘A‘A’Ao © Se(IV), HFO, IM-NaNO3, Hayes et al (1988)
"o 1E+01 [-—— - E’ﬁ ”””””””””” O Se(VI), goethite, 0.001M-NaNO3, Hayes et al.(1988)
< <o
NS *Q ;‘i@&ﬁ © Se(VI), goethite, 001M-NaNO3, Hayes et al (1988)
n_En 1E+00 % 02(83:? ° %ﬁo O Se(VI), goethite, 0.IM-NaNO3, Hayes et al(1988)
Q0
Q 1E-01 I XX 00 0@)0( A ﬁA Q‘ X Se(VI), goethite, IM-NaNO3, Hayes et al.(1988)
" 0% A O Se(VD), HFO, 0013M-NaNO3, Hayes et al(1988)
o
1E-02 [ ~———~----~ &Q ooy T A% © Se(VD), HFO, 0.1M-NaNO3, Hayes et al (1988)
X ED o Ae, o X Se(VI), HFO, 1M-NaNO3, Hayes et al (1988)
1E-03
XXX o © Se(-1I), goethite, Ticknor et al.(1988)
1E-04 A Se(-1I), hematite, Ticknor et al.(1988)
2 4 6 8 10 12 14 A Se, goethite, 0.01M-NaCl, Shibutani et al.(1994)
pH © Se, Al-ox, 0.01M-NaCl, Shibutani et al.(1994)

Figure 3.2.2-4 Overview of sorption data for Se on goethite and Al-oxide by Shibutani et al.
(1994), and for Se(-II) on goethite and hematite by Ticknor et al. (1988). Data by Hayes
et al. (1988) are given for comparison. HFO = hydrous ferric oxide.

Figure 3.2.2-5 shows the available data for granodiorite. 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 goethite or
HFO.
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1.E+04 @ Se(IV), goethite, 0.005M-NaNO3, Hayes et al.(1988)
1E+03 | ---- e é\; ————————————————————— ® Se(IV), goethite, 0.IM-NaNO3, Hayes et al.(1988)
°
1E+02 F--c-coooe 9%0 777777777777777777 Se(IV), goethite, IM-NaNO3, Hayes et al.(1988)
g ZAXAO A Se(IV), HFO, 0.01M-NaNO3, Hayes et al(1988)
1E+01 [~ -~ Bg----- -
& @ Se(IV), HFO, 1IM-NaNO3, Hayes et al(1988)
o3
L o
1E+00 0008%2? %3‘;0 0 Se(VI), goethite, 0.001M-NaNO3, Hayes et al(1988)
X (¢} 0o &
1E-01 [------ X X)z 91)50 ******** 9{ ******* & Se(VI), goethite, 0.01M-NaNO3, Hayes et al.(1988)
X i
P }%( ?Qﬂi’a 7777777 :~ 77777 O Se(VI), goethite, 0.IM-NaNO3, Hayes et al (1988)
.. O ™

XXX §l§n§ > X Se(VI), goethite, IM-NaNO3, Hayes et al.(1988)

1E-03
XXX D O Se(VI), HFO, 0.013M-NaNO3, Hayes et al.(1988)
1E-04 0 Se(VI), HFO, 0.1M-NaNO3, Hayes et al.(1988)
2 4 6 8 10 12 14
pH 0 Se(1V), granodiorite, groundwater, Sato et al.(1997)

Figure 3.2.2-5 Overview of sorption data for Se on granodiorite. Data by Hayes et al. (1988) are

given for comparison. HFO = hydrous ferric oxide.

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 (group/solids)

Allard et al. (1979b) Th/1 granitic rock / granite

Allard et al. (1978) Th/2 granitic rock / granite

Koskinen et al. (1985) Th/3 granitic rock / mica gneiss, tonalite
Ueta (1998) Th/4 granitic rock / granodiorite

Hunter et al. (1988) Th/5 other minerals / goethite

Righetto et al. (1988) Th/6 other minerals / Al-oxide

Baston et al. (1997)/ Np/4 granitic rocks / granodiorite

Berry et al. (2007)

Considering the difference in mineralogy and solution composition, the data obtained on
the various metal oxide phases are consistent with each other as well as with the data
for different clay systems by Bradbury and Baeyens (2003a; 2003b).

The data for Th sorption in the seawater on granodiorite by Ueta (1998) and on tuff by
Ueta et al. (1999) can be compared with the data for goethite by Hunter (1988), also
obtained in the seawater. Considering the nearly level trend of sorption vs. pH observed
for Th and the (presumed) difference in sorption capacity between goethite on one hand
and granodiorite/tuff on the other hand, the observed level of sorption is estimated as
reasonable.

It can be seen that the data by Allard et al. (1978; 1979b) are fairly consistent with
other data for Th sorption on roughly similar substrates in the presence of non-inert
solutions.

The same holds for the data obtained with Np(IV): in comparison with the data for Th
on similar substrates and with the data for Np(IV) on Kunigel-V1 by Baston et al.
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(1997), the observed level of sorption is estimated as reasonable.
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Figure 3.2.3 Overview of sorption data for Th and Np(IV) on metal oxide minerals, granitic
rocks. For comparison, sorption data for Th and Np(IV), as well as for Am on
various clays and clay minerals are also shown. DW = distilled water, GW =

ground water.
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4. Summary

The QA/classification of selected entries in the JAEA-SDB, focusing granite rocks which
are related to reference systems in H12 PA and possible applications in the context of
URL activities, and Fe-oxide/hydroxide, Al-oxide/hydroxide existing widely in geological
environment, was done following the approach/guideline defined in our previous report.
As a result, the reliability of 1,373 Ka values was evaluated and classified.

Based on the results of the third application of classification guideline to Kq data for
granite systems, and Fe-oxide/hydroxide and Al-oxide/hydroxide systems in the chapter
3, 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 Kq values for the PA-related
Ka-setting.

+ Finaly, JAEA-SDB including QA information should be repeatedly tested through

the application to granite systems, and various rocks and geochemical conditions.
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Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
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Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
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Kitamura et al. (1999a)
Kitamura et al. (1999a)
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Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)
Kitamura et al. (1999a)

Nakayama et al. (1986)
Nakayama et al. (1986)
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I - Completeness of documentation and type of Kd

Rating = I-a: Yes/No, I-b: class 1-6
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1I - Technical and scientific quality of reported data
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Rating I

unreliable
N.E.

class 3
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unreliable
unreliable
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unreliable
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unreliable
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unreliable
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1l - Consistency

comment/rating

NE.
NE.

consistent with independent data
consistent with independent data

consistent with independent data
consistent with independent data

N.E.
N.E.

consistent with independent data
N.E.

N.E.
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
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
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
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
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
consistent with independent data
consistent with independent data
consistent with independent data
consistent with independent data

NE.
NE.

Operator Data
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG May 2009
S. Kunze/M. Ochs, BMG May 2009
S. Kunze/M. Ochs, BMG May 2009
S. Kunze/M. Ochs, BMG May 2009
S. Kunze/M. Ochs, BMG May 2009
S. Kunze/M. Ochs, BMG May 2009
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
T. Suyama/Y. Tachi(JAEA) June 2008
T. Suyama/Y. Tachi(JAEA) June 2008
T. Suyama/Y. Tachi(JAEA) June 2008
T. Suyama/Y. Tachi(JAEA) June 2008
T. Suyama/Y. Tachi(JAEA) June 2008
T. Suyama/Y. Tachi(JAEA) June 2008
S. Kunze/M. Ochs, BMG February 2008
S. Kunze/M. Ochs, BMG February 2008
S. Kunze/M. Ochs, BMG February 2008
S. Kunze/M. Ochs, BMG February 2008
S. Kunze/M. Ochs, BMG February 2008
S. Kunze/M. Ochs, BMG February 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2008
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG ~ November 2007
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
S. Kunze/M. Ochs, BMG March 2008
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I - Completeness of documentation and type of Kd

Rating = I-a: Yes/No, I-b: class 1-6
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1I - Technical and scientific quality of reported data
Checkpoints = level: A-D (numerical value: 3-0)/unreliable  Rating = class1-6/unreliable

II-c I-d I-e n-f II-g II-h =i 1671 -k -l

redox condition solution composition temperature S/W sorptive value initial [RN1 phase separation reaction time agitation RN loading reaction vessels error estimates parameter variation

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

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