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Development of database system for performance assessment
Katsuto Obinata*
Abstract

PNC is planning to submit a new Performance Assessment Report by March 2000,  This
study was carried out in order to investigate the data base for the estimation of the nuclidic
migration and to study the modelling for estimation. Main items carried out are shown as
follows.

1. Review of PNC-thermodynamic database (TDB)
Chemical thermodynamic database of PNC key elements (Pu, Th. U, Np, Pa, Am, Cm, Ac, Sm,
Ra. Sn, Zr, Ni, Pd, Tc, Se, Po. Pb, Nb, Bi and Sb) were reviewed.

2. Development of sorption database (SDB) for integrated sorption/diffusion (ISD) database
system

The sorption data of PNC kev elements {Ac, Bi, Nb. Pa, Pb, Pd, Po, Sb. Sm, Zr) were
investigated. Also, sorption model were studied in bentonite system.

3. Development of diffusion database (DDB) for integrated sorption/diffusion (ISD) database
svstem

The diffusion data of PNC key elements (Ac, Bi, Nb, Pa, Pb, Pd, Po, Sb, Sm, Zr) were
investigated, and apparent diffusion coefficients of Tc and U were measured under reduced
condition.

4 Model simulation of porewater pH in bentontte systems
The influence of soluble impurities (CaSQ,, NaCl, CaCO;) on pore water pH and partial
pressure of CO: in bentonite systems were investigated.

o.Discussion of Integrated Sorption / Diffusion Modeling
Integrated Sorption / Diffusion Model was discussed in Bentonite-nuclide systems.

6.Estimation of the influence of colloid on nuclide migration
Modeling of the estimation of colloidal migration in fracture was investigated, and the
applicability was discussed.

Work performed by Mitsubishi Materials Corporation under with Power Reactor and Nuclear
Fuel Development Corporation.

Contract No.;080D0134

PNC Lieson; Geological Isolation Development Section .  Masahiro Shibata

*Naka Energv Research Center
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Figure 2.1.1 Overview of the integrated sorption/diffusion (ISD) database
system. (Wanner,1995) 2

Figure 3.3.1 The influence of ratio mixed silica sand on Da of HTO. 5

Figure 3.3.2 The comparison of Particle bentonite with Kunigel-V1 on Da
of HTO. 6
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Table 3.2.1 Measurement conditions for the apparent diffusion coefficients
of Te(IV) and U under reduced system. 4

Table 8.3.2 Measured Da of HTO in compacted bentonite included
re-hydroused fracture. 7
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Figure2.1.1 Overview of the integrated sorption/diffusion (ISD) database system
(Wanner, 1995).
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Table 3.2.1 Measurement conditions for the apparent diffusion coefficients

of Tc(1V) and U under reduced system.
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Figure 3.3.1 The influence of ratio mixed silica sand on Da of HTO.
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Figure 3.3.2 The comparison of Particle bentonite with Kunigel-V1 on Da of HTO.
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1. Review of PNC-TDB database

PNC is planning to submit a new Performance Assessment Report by March 2000.
Basic bata on radionuclide behavior required for the safety analysis will be frozen at the
end of FY 1997, i.e. . March 1998. By this date, a chemical thermodynamic database,
PNC_TDB, for the interaction of key radionuclides includes with significant ligands
under near-field conditions needs to be established. Key radionuclides include Pu, Th, U,
Np, Pa, Am, Cm, Ac, Sa, Ra, Zn, Zr, Pd, Tc, Se, Po, Pb, Nb, Bi, and Sb.

- For Pu, Th, U, Np, Pa, Am, Cm, Ac. Sm, Ra, Tc, Se 8L} Po, the review of PNC

report was performed. And for the trivalent actinides of Pu(Il), Am(Ill) and Cm (1), all
thermodynamic equilibrium constants reported in the literature was compiled. And initial
equilibrium constants and appropriate Pitzer ion-interaction parameters for generic

trivalent actinide model were selected.



2 .Development of SDB for ISD databese system

2.1 Integrated Sorption/Diffusion (ISD) database system

Within the framework of the Integrated Sorption/Diffusion (ISD) database system, an
extensive literature search for sorption and diffision data has been conducted.
A framework for data records (bentonite characteristics, groundwater composition),
fundamental databases (TDB, ion exchange and surface comlexation database), and
mechanistic sorption and diffusion models is provided by the ISD system. The final
output of the ISD system is the apparent diffusivity, Dy, for PNC key radionuclides.
Considering the deadline for the next PNC performance assessment report (March 2000),
the bypass or 'shortcut' options provided in the ISD system, in particular the direct

establishment of a sorption and diffusion database for key elements, have to be utilized. A
brief review of the ISD system is presented, to show how compilations of published Ky

and Dg values can be used within the framework of the ISD system. (Figure 2.1.1)
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Figure 2.1.1 Overview of the integrated sorption/diffusion (ISD) database system.
{(Wanner, 1995).



2.2 Sorption database (SDB)

Within the framework of the Integrated Sorption/Diffusion (ISD) database system, an
extensive literature search for sorption and diffusion data for actinium, bismuth, niobium,
protactinium, lead, palladium, polonium, antimony, samarium, and zirconium has been
conducted. Experimental sorption (SDB) databases and a large amount of additional
information are compiled and presented in (i) a condensed fashion in this report, and (ii)
in detail in two enclosed Excel files. A preliminary evaluation of the selected data is also
presented. '

For Pb, a very large amount of data on montmorillonite and other clay minerals, and
oxides is available. The distribution coefficients compiled for Pb may be explained
through incorporating the relevant thermodynamic data into the mechanistic sorption
mode] contained in the ISD system-("extended Wanner model’). For Bi, Nb, Pa, Po, Sm,
and Zr, fewer data with direct relevance for bentonite are available, while for Ac and Sb,
only supporting data on oxides, and clayey sediments and soils could be found.
Distribution coefficients for all elements except Pb are only evaluated indirectly, since not
enough fundamental data are available to model their sorption behavior. For Po, no
reliable thermodynamic data are contained in MIN_SURF.2, and no preliminary data
selection is carried out. No attempt is made, at present, to explain the collected apparent
diffusivities for the aforementioned key elements through the use of the mechanistic
diffusion model of Sato et al. (1995), due to a lack of fundamental data. Where possible,
however, sorption and diffusion data were combined to conduct a preliminary check of
consistency of these data.

These data evaluations are presented as examples of ISD data records for compacted
Kunigel-V1 bentonite (dry density = 1800 kg/m3) in contact with four PNC reference
groundwaters. These data sheets contain the following information:

» calculated porewater speciation for compacted Kunigel-V1 in contact with each
groundwater
» calculated surface characteristics of the bentonite

» predicted solution speciation of key elements for each bentonite/groundwater system
» predicted surface speciation for Pb, and the K4 value derived from this information

» estimated K values for other key elements.
= corresponding Dg values, where available, and calculated D, values



3 .Development of DDB for ISD database system

3.1 Diffusion database (DDB)

Within the framework of the Integrated Sorption/Diffusion (ISD) database system, an
extensive literature search for diffusion data for actinium, bismuth, niobium,
protactinium, lead, palladium, polonium, antimony, samarium, and zirconium has been
conducted. Experimental diffusion database (DDB) and a large amount of additional
information are compiled and presented in (i) a condensed fashion in this report, and (ii)
in detail in two enclosed Excel files.

3.2 Measurement of Da of Tc(IV) and U under reduced system
Apparent diffusion coeflicients (Da) of Tc(IV) and U were measured in compacted

bentonite (Kunigel-V1) under reduced system. Test conditions are shown Table 3.2.1.

Table 3.2.1 Measurement conditions for Da of T¢(IV) and U under reduced system.

Item Condition
Method In-diffusion method
Atmosphere Reduced condition (Ar gas atmosphere)
Nuclide Te, U
Solid sample Bentonite (Kunigel-v1) ¢ 20mim X 20mm
Dry densty 1.8g/cm’
Reducing reagent Na,S,04 solution (0.005mol/1)
The number of repeat 2 times

Apparent diffusion coefficients Da of Tc in compacted bentonite were estimated 1.0
X 107" m?s (at sectioning interval=0.5mm) and 7.5 X 10" m%s (at 0.2mm).

Da of U were estimated 1.2X 10”7 m’/s (at sectioning interval=0.5mm) and 1.1 X
107" m¥s (at 0.2mm).



3.3 Diffusion experiments for observation of pore structure in compacted bentonite

3.3.1 The influence of ratio mixed silica sand on Da of HTO
Apparent diffusion coefficients (Da) of tritium water (HTO) were measured in
compacted bentonite (Kunigel-V1). Dry density of compacted bentonite were adjusted
in 0.8, 1.4 and 1.8 g/cm’ The ratio of mixed silica sand were 30 and 50 wt-%.

Measured Da of HTO were shown in Figure 3.3.1. The influence of ratio mixed
sifica sand on Da of HTO was not observed in the range of 0~50 wt-%.
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Figure 3.3.1 The influence of ratio mixed silica sand on Da of HTO.



3.3.2 Measurements of Da of HTO in compacted particle bentonite
Apparent diffusion coefficients (Da) of tritium water (HTO) were measured in
compacted particle bentonite, and comparison with one of Kunigel-V1. Dry density of
particle bentonite were adjusted in 0.8, 1.4 and 1.8 g/cm’.
Measured Da of HTO were shown in Figure 3.3.2. Da of HTO in compacted particle

bentonite were agreed to one of typical bentonite (Kunivel-V1) in the compacted range
0.8~1.8 g/cm’.
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Figure 3.3.2 The comparison of compacted particle bentonite with Kunigel-V1
on Da of HTO.



3.3.3 Measurement of Da in fractured compacted bentonite
The apparent diffusion coefficients (Da) of tritiated water (HTO) were measured in

fractured compacted bentonite (Kunigel-V1). Dry density of compacted bentonite was
adjusted at 1.8 g/em’. A fracture was made in compacted bentonite saturated with
water by insertion of spacer (width 1mm). And after removing the spacer, fractured
bentonite samples were re-saturated in 7 and 28 days and the Da were measured.

Measured Da of HTO were shown in Table 3.3.2. The influence of re-saturation time
on Da of HTO was not observed.

Table 3.3.2 Measured Da of HTO in fractured compacted

Condition of fracture Da of HTO (mZ/s)
Fracture 2.2x1071°
(re-saturation time 7 days) 2.7X107%°
Fracture 2.0x107"
(re-saturation time 28 days) 2.9%x107%
No fracture 2.6X107
2.6x107"




4 Model simulation of porewater pH in bentonite systems

The soluble impurities contained in Kunigel-V1 and Kunipia-F and the
protonation/deprotonation reactions occurring at surface hydroxyl groups of the
bentonites exert an important influence on porewater pH and speciation. This report
presents an analysis of the influence of the dissolution of sodium chloride, gypsum, calcite
and pyrite on porewater pH. Further, the influence of CO2 partial pressure on porewater
pH and on uranyl adsorption on Kunigel-V1 was evaluated. The main results and

recommendations are summarized as follows:
4.1 Sensitivity analysis of key parameters in the bentonite model

In compacted bentonite it is possible that only a part of the soluble impurities are
actually available to the porewater. Since this quantity is unknown, but may very
important at the same time, the sensitivity analyses for this report were performed by
varying the amounts of soluble impurities (in essence CaSO,, NaCl, and CaCO,) between
1/100°000 and 1/1 of the total quantities present. Porewater pH, ionic strength, and edge
surface potential of compacted bentonite (dry density 1800 kg/m3) in equilibrium with
pure water, in a closed system with respect to atmospheric CO2 was modeled with the
help of the extended Wanner model. The model calculations indicated that:

o The presence of calcite, gypsum and pyrite strongly influences the pH in the
compacted bentonite. The equilibrium with calcite increases the pH, while the
dissolution of gypsum lowers the pH. The oxidation of pyrite strongly lowers pH in the
compacted Kunigel-V1.

» The pH in compacted bentonite is buffered beth by the acid/base equilibria at the
edge sites of the bentonite and by the carbonate buffer system,

¢  The assumption of a closed system with respect to CO2 results in high CO2 partial

pressures, due to calcite dissolution.

The amount of soluble impurities in bentonite will decrease gradually in a repository.
The long-term evolution of the pH in the bentonite near field has not been assessed
quantitatively in the present study. However, it can be expected that after depletion of all
the calcium-containing impurities, the bentonite will be in close equilibrium with the
surrounding groundwater. The pH of the bentonite porewater is then expected to be very
similar to that of the groundwater. Under oxidizing conditions, pyrite will oxidize and the
$042- resulting from pyrite dissolution wil! be gradually removed from the system, while

the Fe will precipitate as solid Fe-(hydr)oxide.



4.2 Model validation of pH in the experiments of C. Oda

Oda (1996) carried out experiments with both Kunigel-V1 and Kunipia-F in 0.5 M
NaCl in a glove box under N2-atmosphere. With model calculations, the influence of the

partial dissolution of CaSO4 and of CO2 pressure on the experimentally determined pH

values is simulated. The following conclusions can be drawn:

e  Calculations carried out under the assumption of a system closed with respect to
atmospheric CO2 largely underestimate the measured pH values, because the

dissolution of CaCO3(s) produces a CO2 partial pressure which is ten times larger than
in the atmosphere. Calculations carried out under the assumption of an open system in
equilibrium with a relatively low CO2 partial pressure may be a better representation of
the situation in the experimental tubes during pH measurements, and agree much better
with the experimentally measured pH values.

e  Experiments aimed at investigating the influence of the edge sites may best be
performed in open systems with constant, controiled and low CO2 partial pressures.

4.3 Modeling U(VI) adsorption on Kunigel-V1

Baston et al. (1995) presented a combined experimental and modeling study of the
sorption of uranium and technetium on Kunigel-V1. The experiments were carried out at
room temperature in polypropylene tubes in a N2-atmosphere glove-box. For the
modeling of uranium and technetium sorption on Kunigel-V1, Baston et al. (1995)
assumed as sorbent an iron hydroxide (goethite) surface phase, present as a coating on
the smectite. The approach of Baston et al. (1995) is compared with-an approach based
on the extended Wanner model:

*  According to our model results, the pH value of 10.2 reported by Baston et al.
(1995) makes it unlikely that significant amounts of pyrite have dissolved to cover the
external surface of the montmorillonite as Fe hydroxides.

¢ The stability of U(VI)-carbonate complexes renders the actual CO2 partial pressure
present in the experiments crucial for the sorption of the uranyl cations. For the

experimental conditions of the experiments carried out by Baston et al. (1995), it is
impossible to establish a CO2 pressure (CO2 from CaCO3 dissolution escapes into the

N2-atmosphere). Therefore it was not tried to fit the CO2 partial pressure to reach a

better agreement, although our results show that perfect agreement of experimental
and model data may be accomplished by using pCO? as a fitting parameter.



5 Discussion of Integrated Sorption / Diffusion Modeling

For the ISD system to be consistent, it is necessary that the sorption and diffiusion
models used are compatible with each other. I e., both models must be based on the same
concept of the clay/water interface. The compatibility of the sorption and diffusion model
was demonstrated by combining both models to describe successfully the diffusion of Cs
through Kunigel-V1 and Kunipia-F bentonite at dry densities from 400 to 2000 kg/m3
(Ochs et al., 1996). It also became apparent, though, that there are some conceptual
differences between the sorption and diffusion models used within the ISD system:

(1) ion exchange is modeled by assuming that no unoccupied ion exchange sites
exist, and without explicitly taking into account electrostatic effects, and

(2) diffusion is modeled based on a Stern-Gouy diffuse double layer model
(DDLM); i. e., sorption in the Stern layer is distinguished from accumulation in
the diffuse layer.

These conceptual differences gave rise to concerns regarding the consistency of
sorption and diffusion models, as well as the validity of using batch experiments to
generate sorption data for use in diffusion models.

Important points of this ongoing discussion are treated to some detail in this report.
Relevant basic properties of the clay/water interface are synthesized and applied to the
ISD concept. In addition, the opinion of several international experts was obtained, and
important points are presented here.
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6. Impact of colloids on nuclide migration in geosphere

Parameter sensitivity analysis has been made on the effects of colloids on nuclide
transport using NAGASAKI model. The parameters include filter coefficient and
sorption coefficient of nuclides onto colloids as well as relevant parameters such as
matrix diffusivity of nuclides, volume fraction of colloids, relative flow velocity between
nuclide and colloid. The results obtained are summarized as follows;

On the effects of filter coefficient, it has been clarified that ;

®  mean filter coefficient has large sensitivity on nuclide migration,

m filtration effect decreases at larger distribution of filter coefficient.

In these analysis, these technical issues have been identified that

m filter coefficient includes uncertainties because of the lack of data,

m  reversible sorption of filtered colloids are not considered in this model.

On the effects of sorption coefficient of nuclides onto colloids (Kd3), sensitivity analysis

shows that ;

®  when Kd3 and matrix diffusivity have large values, resulted enhancement of matrix
diffusion can retard the breakthrough of colloids,
effect of colloid volume fraction is presumably negligible for any Kd3 value,

W though relative flow velocity can introduce limited effect on the breakthrough only
for large Kd3, taking possible variation range of relative velocity, this parameter can
not give essential effects on nuclide migration.
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