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Geological materials in the sub-surface are frequently participating in different water-rock interactions with the sur-
rounding ground water. In long geologic time, such interactions may have significant influence on the properties of
rocks and changing their natural behavior. Investigating those behaviors surrounding a radioactive waste repository is
particularly important to the fact that migration of hazardous radionuclides is extremely critical issue for the countries

who use nuclear energy.

Long term weathering processes in the geosphere surrounding the repository by contacting the surface/subsurface
water can lead to the formation of redox front zone. This zone might have significant effect on the adsorption of certain
nuclides that could be released from the radioactive wastes. In recent years, adsorption characteristics of radionuclides
in such oxidizing or reducing conditions have gained interest because of frequent presence of such environment in the

subsurface where ground water-rock interaction occurs.

Cesium (Cs) and strontium (Sr), which are common non-redox-sensitive elements released from radioactive wastes,
are widely used for the performance assessment of a waste repository. Among several potential host rocks, pumice tuff
is already been selected for hosting low and intermediate level radioactive wastes in Japan. However, the pumice tuff
formation was found to be affected by redox zone. In the present study, water-rock interaction with such redox affected

pumice tuff was investigated using Cs and Sr.

Conventional batch sorption study was opted for determining sorption coefficients which is one of the most import-



ant water-rock interactions. Comparison was made between fresh and oxidized tuff in terms of their natural dissolution,
adsorption behavior, pore properties etc. While comparing, proposal was given to use a particular shaped intact solid to
obtain in-situ field condition. Prior to the specific experiments, pumice tuff was characterized in detail with several ana-
lytical techniques, to find out the potential parameters influencing adsorption behavior. Although fresh and oxidized part
of the pumice tuff was clearly distinguishable in naked eye, mineralogical and chemical properties did not show consid-
erable variation. However, pore properties significantly varied between them which were assumed to be the main factor

affecting the adsorption property.

From all the investigations, important outcomes can be summarized as follows.

Strontium is an element that can readily dissolve in groundwater under oxidizing conditions. Furthermore, the host
rock accelerates the dissolution, which might exceed the adsorption quantity at low initial Sr concentration, affecting the
adsorption significantly. It has been observed that the threshold concentration between adsorption and dissolution lies
between 10™* and 10~ mol/l for the case of the studied rhyolitic pumice tuff. Below 10~ mol/l Sr concentration, adsorp-
tion quantity was significantly affected by the dissolved Sr concentration in oxidized pumice tuff. The in-sifu nuclide
concentration is thus suggested to incorporate in the existing K, calculation procedure to obtain precise adsorption quan-
tity of any nuclide. Such consideration is imperative if the solid phase is affected by oxidizing or reducing condition.
Those weathering condition can accelerate the natural dissolution reaction and increase the hazardous nuclides in the
groundwater and in consequence, reduce the adsorption capacity. Without considering the dissolved concentration of
target elements, especially which are abundant like strontiu71m, the results of adsorption coefficient values might be

misleading.

Adsorption behavior of pumice tuff was found largely dependent on ionic strength i.e. salt concentration of the
ground water. The cations present in the water can participate in sorption reaction either by ion-exchange or by creating
new complex. It was observed that with salt concentration and adsorption quantity are inversely proportional to each
other and with decreasing salt concentration, the effect becomes more noticeable. Initial concentration effect on ad-
sorption was found negligible; however, they might be visible at extremely low concentration. pH dependency from the
experimental results was not significant, although model simulation indicated that there might be considerable depen-
dency at low pH condition. No significant differences were observed due to oxidation of pumice tuff at high initial con-
centration and high ionic strength, however, at low Cs concentrations of 10 and 107 mol/l, and low ionic strength (less
than 1.0 mol/l), marginally decreased sorption was observed in oxidized tuff. This is due to the smaller amount of pore
area in oxidized tuff resulted from the less number of smaller pores and destruction of available surface area by oxida-
tion. For both Cs and Sr, ionic strength more than 1.0 mol/l and initial concentration of 10 mol/I were found to be the
critical concentration where no experimental factors were found effective on adsorption. More than 10™* mol/l Cs or Sr
concentration were found to provide extremely low sorption coefficient due to more than saturation concentration. High
ionic strength condition was successfully used in the surface complexation model which provided comparative sorption
parameters with previous studies. Inversely proportional ionic strength dependency and negligible initial concentration
or pH dependency were evident for the pumice tuff, which are more apparent in oxidized part at ionic strength less than

1.0 mol/l and initial concentration less than 10™ mol/L.



Block shaped intact samples for conventional batch sorption study were used to investigate the relation of pore
properties to the adsorption of Cs. Intact samples exhibit in-situ pore properties in terms of pore area and surface area.
The change of pore properties change due to oxidation was found significant as the pore area and surface area reduced
considerably which should affect the sorption quantity. Although K, values in oxidized tuff did not show large differ-
ence comparing to fresh part, the suitable surface sites should allow noticeable difference in K, on varying surface area.
Adsorption did not affect the pore characteristics; rather pores were assumed to be affected due to long aging period and
oxidizing condition which affected the sorption mechanism. Due to oxidation, total pore area, surface area or specific
surface has reduced significantly although porosity remained similar. Reduction of micropores of less than 3.3 microm-
eter size was found to be responsible for reducing those parameters. ‘Generation of new surface area due to weathering’
was not found applicable for the present case because of absence of appropriate mineral phase in initial condition. The
relation of pore properties with adsorption was not clear from the fresh tuff, however, oxidized part showed some posi-
tive correlation among pore area, surface area and sorption coefficients. Oxidation phenomena have made the increasing
trend of sorption coefficients clearer with pore or surface area increase. The oxidation phenomena have made those
changes more evident. As there were negligible chemical or mineralogical variation between fresh and oxidized pum-
ice tuffs, changes in pore size distribution was found to be the key parameter to affect adsorption behavior. Especially,
‘reduction of micropores less than 0.33 pm size due to oxidation which resulted in reducing specific surface area into
half” were confirmed to be the main factor affecting water-rock interactions. However, if the changes in pore properties

would be constant, geochemical parameters could influence the adsorption behavior significantly.

Cubic block shaped intact samples were successfully used to determine distribution coefficient, K, of cesium and
strontium on fresh and oxidized pumice tuff. The K, values were compared with the powder samples under similar ex-
perimental condition. Intact samples from fresh tuff showed less than one order smaller values, which increased to more
than one order in oxidized tuff which is comparable with literature. Therefore, use of block samples was proposed as
alternate of powder in the batch experiment. However, this may apply for pumice tuff like highly porous and permeable
solid phase. Experiment with more samples with variable geochemical condition should be conducted to confirm use of

block samples as intact solid as alternate of powder materials.

Finally, it can be stated that although Cs and Sr are non-redox sensitive, some variation of their natural behavior
were observed in the oxidized pumice tuff. However, instead of alteration of elemental behavior, it’s the rock properties
which were changed due to oxidation and that forced to change the elemental activities. Therefore, weathered condition

of pumice tuff or other geological materials should be considered during any water-rock interaction study.
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