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1 INTRODUCTION 

The Palmottu Project "Transport of radionuclides in a natural flow system at Palmottu" 
commenced on January 1 st, 1996, as a research study agreed by the European Commission 
and the four contractors below: 

Geological Survey of Finland (GTK, coordinator), 
Svensk Karnbranslehantering AB (SKB), 
Empresa Nacional de Residuos Radioactivos S.A. (ENRESA), 
Bureau de Recherches Géologiques et Minikres (BRGM), 

under the Nuclear Fission Safety research and training programme (Contract No FI4W- 
CT95-0010, DG 12-WSME). 

The Contractors have agreed on associated contracts with the following five partners: 
Radiation and Nuclear Safety Authority, Finland (STUK), 
University of Helsinki, Laboratory of Radiochemistry, Finland (UHRAD), 
Technical Research Center of Finland, Nuclear Energy, Finland 
(VTT Energy), 
Technical Research Center of Finland, Communities and Infrastructure, 
Finland (VTT-CI); 
QuantiSci SL, Spain (QuantiSci), 

and with the following subcontractors: Centro de Investigaciones Energéticas, 
Medioambientales y Tecnolbgicas, Instituto de Medioambiente, (Ciemat), Universitat 
Politkcnica de Catalunya (UPC) and Universidad de Oviedo (UO), all three from Spain, 
and Conterra AB, Geokema AB, Geosigma AB, Göteborg University, Intera KB (Intera), 
Kemakta Konsult AB (Kemakta) and AF-IPK AB Miljö, all seven from Sweden. 
Kivikonsultit Oy, Posiva Oy, PRG-Tec Oy, Suomen Malmi Oy and Technical University 
of Helsinki, have acted as the main subcontractors from Finland. 

The project was originally subdivided into two Phases. Phase 1 studies which were 
focused on the hydrogeological assessment of the site, were commenced on January 1st 
1996 and completed by May 3 lst, 1997. The following workpackages (WP) and major 
tasks (with WP and Task Leaders) were covered: 

WP 1 : Understanding the natural flow system (GTK) 
Task 1.1: Up-dating the structural model of the site (GTK) 
Task 1.2: Hydraulic testing and interpretation (Geosigma) 
Task 1.3: Hydrochemistry as an indicator of groundwater flow (Conterra) 
Task 1.4: Flow modelling and integrated evaluation of hydraulic and 

hydrogeochemical results (VTT-CI) 
Task 1.5: Low-contamination drilling (GTK + Conterra) 
WP 5: Performance assessment exercise of Phase 1 (Kemakta) 

The commencement of the Phase II was dependent on the successful completion of 
Phase 1. Therefore, in order to offer the appropriate bases, a report on the hydrogeological 
evaluation of the Palmottu natural analogue study site was submitted to the European 
Commission in April 1997 and will be published under ECTR (18202) (Blomqvist et al. 
1998). Based on an project evaluation, the European Commission supported to continue 



the Palmottu project for an additional25 months with Phase II studies, with a starting from 
August lst, 1997. 

Phase II comprises the following major workpackages: 

WP 2: Geochemical evolution of the water-rock system (GTK) 
WP 3: Redox processes (QuantiSci) 
WP 4: Migration of radionuclides (VTT Energy) 
WP 5: Conclusions relevant to repository performance assessment (KemaktaISKB) 

In the following, the progress of the project activities for 1997 is described separately 
for Phase 1 and Phase II studies. With respect to Phase 1 studies, a conclusive summary of 
the main results will first be given, with emphasis on the conceptual hydrogeological 
model of the site, followed by a detailed description of the progress taken within the 
individual tasks. With respect to phase II studies, the plans and initial progress within each 
of the four work packages is described for the period 1997-08-01-1998-01 -3 1. 

The progress taken has been in good accordance with the plans of the project described 
in the Technical Annex (see Gantt chart, next page). Eventual modifications to the 
programme are discussed at the end of each task description. Due to the delay in the 
starting of Phase II, the original flow chart of the project has slightly been modified for 
Phase II (with starting from August 1st 1997). The manpower usage of the project is in 
line with the plans (presented in a separate Annex). 





































This study was not yet able to identify new U-minerals or compounds from the 
alteration rim, although the chemical heterogeneity would suggest them to exist. However, 
the analysis of the extensive amount of chemical data is continued. 

F'igure 4. Backscattered electron image of a uraninite grain (white) embedded in biotite. 
(sample from R304183.75 m). Uraninite is surrounded by halo characterized by a loss of 
potassium. Note the migration of heavy elements, mainly U and radiogenic Pb, along the 
cleavage planes and along microfractures. The diameter of the halo is about 0.1 mm. 

Task 2.2 Detailed chamcterization of selected water-rock systems 

Studies on migration route 

In order to characterize Open fractures and their orientations within the boreholes and to 
revise the hydrostructural model of the Eastern flow system, a TV-logging was carried out 
in boreholes R302, R3 18, R335 and R384. Also 19 other boreholes of the central borehole 
area have been TV-surveyed (Paulamaki, 1997). The possible water conductive sections 
determined by the cross-hole tests and spinner measurements were the main focus of 
interest. This method facilitates the exact location of the Open fractures from drill-core 
sample, as well as, the orientation of the fractures (see Paulamaki et al., 1997). 

The mineralogical description of the Open fractures was made in late autumn at the drill 
core archive in Loppi. The most prominent fractures from six boreholes were located from 
video tapes and the drillcore boxes were marked. The fractures and fracture infillings were 
described and photographed. Detailed mineralogical study of the major Open fractures in 
the Eastern flow system will be done in CO-operation with GTK and Ciemat. 

Another aim of the work was to collect testing and background samples for sorption 
studies (Task 4.1). 

Results 

About -150 Open fractures were located and studied from boreholes R302, R3 18, R332, 
R335, R373 and R384. Special attention focused on the tracer-test sections in the Eastern 
granite. Locating of major fractures was rather successfull except in drillcore of R335, 
which is badly damaged. A new borehole (R388: borehole length - 100 m) have been 
drilled in order to replace this destroyed drillcore. 



In many cases one or two Open fractures are responsible for the hydraulic anomalies in 
the Eastern granite, although the core may be strongly broken. The apertures are usually 
less than 10 mm. The orientation of the major Open fractures varies from borehole to 
another and fractures are mostly subhorizontal. The subvertical fractures are mostly in the 
direction of the schistosity. As indicated by the cross-hole tests, the boreholes of the 
Eastern granite are hydraulically connected, but considering the fracture orientations 
determined by TV-survey, no direct planar connections seem to exist between the 
boreholes along the structures V2, V6 and El  of the structural model. This is also 
supported by the interpretation of the tracer testing. 

Figure 5 presents the most likely hydraulic connections between boreholes R302, R335 
and R384. According to TV-survey the possible connecting fractures of R302 and R335 
are 150190" (and 07517 1") in R302(9 1-93 m) and 240-243163-88" in R335 (45.95 m, 62.16 
m and 67.50 m). The possible connecting fractures of R335 and R384 include 19811 1" 
(34.50 m), 227137' (48.80 m), 228169" (51 -45 m) and 19811 1' (34.50 m) of R384 
(Paularnäki et al., 1997). 

Figure 5. The most likely hydraulic connections (open fractures) between boreholes R302, 
R335 and R384. 

Tracer testing 

The plans for conducting the tracer test were completed during summer of 1997, and an 
extensive tracer test was conducted as joint campaign between Geosigma Ab, GTK and 
SKB (Gustafsson et al., 1998). The objectives of the tracer test were primarly to verify 
hydraulic connections within the Eastern granite, with the proposed hydraulic features V6 



and El, and to determine residence time, magnitude of dispersion, hydraulic conductivity 
of flow paths and flow porosity. 

The general idea of the tracer test was pumping in the deepest borehole section 
R302188-98 m in the Eastern granite, creating a converging flow field while three non- 
sorbing fluorescent dye tracers (Amino G Acid, uranine and RdWT) were injected in 
R384130-57 m, R335154-8 1.5 m and R335130-45 m packed-off sections (Figure 6). 
Distances between tracer injection and abstraction were 28-46 metres and the head 
difference between pumping borehole and injection zones were 26-28 metres. An 
automatic sampler was used for the water sampling in the pumping borehole. 

Pumphg and sampmg 
** 

Figm 6.  A cross section of the Eastern granite and boreholes R302, R335 and R384. The 
pumping section in R302 and tracer injection sections are shown. 

The results from the tracer test consisted primarly of tracer breakthrough curves. 
Interpretation of the breakthrough curves using inverse modelling (curve fitting) gave 
residence times and a measure of dispersion. At a secondary level on interpretation the 
hydraulic conductivity of the fracture flow paths and fracture porosity were calculated, 
based on residence times. In addition, the pumping flow rate and groundwater head in the 
pumping and injection boreholes were measured. A summary of the determined flow and 
transport pararneters is presented in Table 2. 

The modelling results show that dispersion is large. Dispersion lengths were determined 
to 8-13 meters, at travel distances of 28-33 m (Pe = 4.2-2.1). The high dispersivity is 
most likely the result of an interconnected network of discrete fractures approaching the 
equivalent of a fractured porous medium. 

The calculated hydraulic conductivities in route R384 to R302 and in route R3354302 
were 1.4 x 10-~ mls and 1.6 x 10-~  mls, respectively. Comparison with some Swedish sites 
indicates that the flow rates R384-R302 and R335-R302, consist of many short 



interconnected flow paths more like a cube of bricks than a few connected continuous 
fractures. 

The mass balance determined fracture aperture em, related to the pore volume of the 
rock unit investigated, is about 1 x 10-2 m in both flow routes and the frictional loss 
aperture et, related to the aperture of the individual flow paths, is about 1.5 x 1 0 . ~  m in 
both flow routes. These values are typical for a shallow fractured bedrock. The em/et ratio 
also indicates many small aperture fractures contributing to flow in the investigated rock 
volume. 

Both mass balance ratio, 8,", and conductivity ratio, 8,' , determined flow porosities 
are somewhat higher in route R384-R302 than in R335-R302. The porosity in the 
investigated rock at Palmottu is slightly lower than shallow fractured granite at compared 
sites in Sweden and Spain. 

The tracer test verified hydraulic connections in the Eastern granite. However, the 
evaluation of tracer breakthrough curves indicates that transport in the granite between 
R384-R302 and R335- R302 took place in many, low conductive, interconnected fracture 
flow paths. the proposed features V6 and El can thus not be seen as a set of a few 
continuos highly conductive fractures. The flow porosity is in the lower margin of what 
has been determined in other shallow fractured granites. Transport parametres could not 
be determined for the route R335130-45 m to R302188-98 m since the tracer did not arrive 
during the time of the experiment. Borehole R335130-45 m locates in the mica gneiss and 
seems thus more or less hydraulically separated from the pumped borehole R302 deeper 
in the Eastern granite. 

Table 2. Summary of calculated flow and transport parametres. 

Pgrameter 

Fucture 
conductivity, K,  
(mk) 
Fracture 
aperture, e 
(ml 
Frictional loss, et 

Mass balance, e'" 

Flow porosity, 0, 
(-1 
Conductivity ratio, 0,' 

Mass balance ratio, 0," 

Average hydraulic 
conductivity, K 3.9.10" 1 .O. 10'' 

Thickness of rock 
unit. W 23.2 

R381 II + R302 
30-57 m 88-98 m 

1.4.10.' 

1.5.10.~ 

1.0.10-' 

2.9-10-' 

5.6.10' 

R335 1 + R302 
45-81.5 m 88-98 m 

1.6.10J 

1.6.1 0-5 

9.2.10" 

6 .4.104 

3.9.10J 



Fracture in fillings 

The mineralogical group at Ciemat (Pérez del Villar et al., 1998) report the following 
results from fracture infillings of boreholes R385 and R386: 

Maior minerals: 
The semiquantitative mineralogical composition of the 12 samples analyzed by XRD 
(Table 3) shows that the neoformed phyllosilicates in most of the samples are: smectite, 
palygorskite, muscovite-illite(?), kaolinite and chlorite, in different proportions. In those 
samples close to the Eastern granite, kaolinite is the most abundant clay mineral (samples 
at 45 1.42 m and 460.40 m). Corrensite, an illite-chlorite interestratified clay mineral, has 
been detected by SEM+EDX in most of the samples. 

Calcite is present, in different proportions, in all the samples. In those samples taken 
at 81.24 m (R386), 219.70 m, 406.20 m and 460.40 m, calcite is the most important 
neoformed mineral. Idiomorphic to xenomorphic calcite, with minor Mn and Fe and 
sometimes showing pit-etching, is present in most of the samples. In some cases, two 
generation of calcite, with different Mn contents, seem to be present (Figure 7a). 

Quartz can be an inherited and/or neoformed mineral. In the second case, SEM 
observatios indicate the frequent presence of idiomorphic quartz, as well as secondary 
quartz veinlets. Potassium feldspars and plagioclases are usually inherited from the host 
rocks, frequently showing well developed pit-etchings (Figure 7b). 

Accessorv minerals: 
The accessory minerals have been classified according to their chemical composition, 
determined by SEM+EDX. Thus, elemental sulphur has been found at 45 1.42 m, Fe (Mn) 
oxyhydroxides are present in most of the samples (Figure 7c), while W oxides and Ti 
oxides are found in only some samples. 

Sulphides, such as pyrite, chalcopyrite, galena, sphalerite, greenockite, pentlandite, 
bismutinite, molybdenite and complex sulphides with (Fe, Ni, Cu) and (Cu,W,Fe), have 
been detected, the first three being the most frequent (Figure 7d). Minor sulphoarsenides, 
such as arsenopyrite and Fe,Co, Ni sulphoarsenides, occur in some samples. Similarly, 
minor selenides (Bi, Pb) and telurides (Bi) are also present. 

Some carbonates, like parisite, smithsonite and cerusite; sulphates, like celestite and Ca- 
sulphate with REE's, and Pb silicates are very rare. 

Finally, inherited zircon, monazite and apatite have been detected in some samples, the 
first two being strongly altered. 

Preliminary conclusions 

The mineralogy detected in the fracture fillings studied is very complex, and a better 
information about the textural relationships among the neoformed minerals is necessary, 
in order to establish their relative sequence of crystallization and, consequently, the last 
mineral generation. 

The clay minerals detected in the samples indicate very different physico-chemical 
conditions. Thus, kaolinite indicates acid conditions and very intensive leaching of cations, 
while palygorskite indicate alkaline conditions and very high SiO, and MgO activities. 

The coexistence of sulphides and sulphates can be indicative either of a change of Eh 
conditions or of a range of Eh values in which both minerals are stable. 

The preliminary mineralogical results obtained from fracture fillings of borehole R385 
and R386, that are in agreement with the hydrogeochemical model of the site (Gimeno et 



al., 1997), encourage to study fracture fillings of the Eastern granite, as well as in selected 
fractures of the new borehole R387. To complete this study, the bedrock, adjacent to 
fracture surface, will be studied using relevant physical, chemical and radiochemical 
methods, in collaboration with the Oviedo University. In this way, migrationlretention 
processes through the rock matrix will be established, performing true diffusion profiles 
froni the walls of the hydraulically active fractures to the adjacent rock. The joint 
interpretation of this data and those obtained from the groundwaters, sampled in the same 
fractures and in different redox conditions, will allow the geochemical modelling of the 
water-rock interaction processes that occur in the far field of the site. This model will be 
later used in the PA exercise. 

Table 3. Semiquantitative mineralogical composition of the fracture fillings from borehole 
R385 and R386 obtained by XRD. 
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Task 2.3 Geochemical modelling of water-rock intemction 

The main aim of the modelling study of Ciemat group (Gimeno et al., 1998) was to 
establish the hydrogeochemical conceptual model of the Palmottu site; ie. the definition 
and interpretation of the water-rock interaction processes responsible for the geochemica] 
evolution of groundwaters in order to predict their future behavior and influence in the 
migration of trace elements. 

At first stage a statistical approach was used (multivariate analysis: MCA, PCA and 
cluster analysis, performed with the code SPSS for windows 3.1) and then the study 
focused in the reaction path simulations (direct simulation with the codes PHREEQE and 
EQ316) and mass balance modeling (inverse model with NETPATH) in order to reproduce 
the different geochemical processes. Moreover, the isotopic data of the groundwaters 
(6180, h 2 ~ ,  6I3c and 14C) have been used to support some of the obtained results. 

From the statistical analysis it can be seen that all the water samples are placed in a 
factorial plane forming a triangle whose vertexes represent the end members of different 
waters: (a) Ca-HCO, waters (from the more diluted ones, recharge waters, to the more 
evolved); (b) Na-SO, waters; and (c) Na-C1 waters (Figure 8). In general terms there is an 
increase in the TDS in the same direction as the increase in depth. 
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Figure 8. Plot of the different water groups showing the site-specific three grour~dwater 
end members, and the recharge water (meteoric) in a factorial plane. The typical 
weathering process line between the recharge water and the Ca-HCO, end member is 
shown. Cluster 2 = Na-C1 water, Cluster 3 = dilute, shallow, young groundwater, Cluster 
7 = groundwater resulting from the weathering processes, Cluster 8 = Na-SO, water, 
Clusters 1, 4, 5, 6 and 9 indicate different combinations between clusters 2, 7 and 8. 



The results obtained from the geochemical modeling together with the statistical results, 
yield to the hypothesis of the existence of two dominant hydrogeochemical processes: (1) 
the typical weathering process of a crystalline basement, which, when dominant, seems to 
be the responsible for the waters in the line between the recharge water and the Ca-HCO, 
end member; and (2) the mixture of the previous waters with other deeper, older and more 
saline ones; this would be the dominant process in the chemical characterization of waters 
inside the triangle formed by the Ca-HCO,, Na-SO, and Na-C1 end members (Figure 8). 

The weathering process is characterized by the following predominant reactions: calcite 
and Ca-Na feldspar dissolution, CO, uptake from the atmosphere, biotite alteration, pyrite 
(or other sulfides) oxidation and precipitation of silica and kaolinite. And the result is the 
evolution from the more diluted Ca-HCO, waters to the more typical Ca-HCO, end 
member. 

Mixed water types have different proportions of the three end members and they are 
also affected by reactions. Dissolution of alumino-silicates, K-feldspar or even gypsum, 
and precipitation of calcite, silica and ionic exchange, are the predominant reactions 
superimposed to the mixing process. 

Those results fit very well with the main conclusions that can be extracted from the 
isotopic analysis; and a coherent conceptual hydrogeochemical model can be drawn. 

WP 3: Redox processes (QuantiSci) 

Objectives and main activities 

WP 3 is intended to be a smooth transition from the interpretative description of the 
Hydrochemical system at Palmottu to the more predictive requirements of the performance 
assessment applications to be integrated in WP 5. The study of the redox-related issues 
will be organized through the following tasks: 

Task 3.1 Geochemical behaviour of U, Th and selected trace elements, 
Task 3.2 Experimental and modelling study of redox capacities and intensities, 
Task 3.3 Development and testing of PA models and submodels. 

Min eralogical results 

Microanalytical work on alteration products of primary uraninite is presently proceeding 
(Peréz del Villar et al., 1998; Hansén and Ruskeeniemi, 1998). This study also 
incorporates analytical work on uranium-rich fracture-infilling material. 

The secondary U minerals have been found in the most superficial zones of the 
borehole R386 (21.64 m), in the hydraulically-active zones of R385 (9 1.72 m and 1 19.12 
m ) and in the fractures close to the Eastern granite (R385145 1.42 m and 460.40 m). In the 
first one, U(Pb) oxides and U(Pb) silicates are present; In the second zone, at 91.72 m 
depth, only U(Pb,Bi) oxides have been found, while at 119.12 m only U silicates have 
been observed. In the third zone only U silicates have been detected (Figure 7e and 7f). 

These oxides can be explained considering that in these zones the reducing conditions 
have remained since their formation, at least as microenvironments. In the case that Pb and 
Bi were of radiogenic origin, these U oxides shoud be very old. In any case, the presence 
of secondary U minerals in fracture fillings indicates that this element migrated far from 
the source term (orthomagmatic uraninite in the granites and pegmatites), and was mainly 
retained by a precipitation process. 



Experimental and modelling results on redox capacities and intensities 

Dissolution experiments were performed (Cera et al., 1998) by using natural uraninite 
samples from Palmottu, in order to test their redox behaviour in the system. The final aim 
of these experiments were to study the reductive capacity of the samples. Three dissolution 
experiments were performed in batch conditions and room temperature during a period of 
approximately 100 dayslsample. 

The first experiment (in oxidizing conditions) showed a trend of initial uranium increase 
until reaching a steady-state. The steady state U concentrations agree with the calculated 
solubility of schoepite. In the second experiment, also performed under oxidizing 
conditions, the uranium concentration in solution initially increased to a maximum value, 
but was subsequently decreased and finally reached a steady state value. The steady state 
uranium concentrations fairly well agree with U concentrations calculated to be in 
equilibrium with soddyite. 

As the phase boundary of soddyite to schoepite transformation is quite close to the 
phase boundary of quartz and dissolved H4Si04, small changes on the dissolved H4Si04 
concentration in solution could lead to fluctuations across the soddyitelschoepite boundary. 
This hypothesis remains Open for further investigations. 

The third experiment was performed under anoxic conditions, and the trend of the 
evolution of the uranium concentration in solution with time showed an initial release of 
uranium to reach a steady-state level. The measured U concentrations in solution at the 
steady state corresponded to uraninite solubility under anoxic conditions. In order to study 
the reductive capacity of the uraninite sample, two sequential U(V1) inputs where given 
to this system. The general and reproducible trend of the experimental data indicated a 
rapid decrease of the induced U concentration to reach the same levels as the ones 
previously attained in equilibrium with uraninite. 

This intriguing behaviour indicates an efficient and reproducible scavenging effect of 
the U(VI), evidently by the uraninite surface. Two potential mechanisms could be 
responsible of this phenomenon: (1) sorption of U(V1) at uraninite surface, (2) sorption of 
U(V1) at uraninite surface followed by the reduction of U(V1) to U(1V). Future work will 
be devoted to explore the hypothesis proposed for the U(V1) scavenging by uraninite; a 
combination of solution chemical and surface spectroscopic techniques will be used. 

WP 4 Migmtion of radionuclides (VTT Energy) 

Objectives and main activities 

WP 4 integrates migration-related information from previous WP's. The basic approach 
is to apply already existing experimental techniques, modelling concepts and models to 
assess their usefulness in studying the observed distribution of radionuclides. The work is 
divided into process-oriented parts (e.g. sorption, matrix diffusion) that will be coupled 
with field data of groundwater flow (from WP 1) into a quantitative migration simulation. 
The use of PA models in migration simulation will create a direct link to the PA related 
conclusions of WP 5. Technically WP 4 is divided into four major tasks: 

Task 4.1 The role of sorption processes, 
Task 4.2 The role of matrix diffusion 
Task 4.3 The role of colloids and microbes, 
Task 4.4 Migration modelling. 



Detailed planning and initial work 

Task 4.1: A planning meeting for Task 4.1 was held (BRGM, Orleans, France) with the 
purpose to discuss and focus the plans of individual teams. The aims of Task 4.1 were also 
refined: the ultimate aim is quantitative understanding of sorption mechanisms at Palmottu. 
The technical aim is to demonstrate that sorption processes can be understood 
theoretically, and described numerically with concepts that can be based on established 
experimental methods. 

The sorption work conducted by BRGM team during 1997, allowed to test some aspects 
of the experimental protocol of batch experiments foreseen on undisturbed fracture 
surfaces. The tests were firstly related to the search of an inert chemical materia1 for the 
protection of the rock matrix from the uranium sorption during the experiments. The 
fracture surface area must be the unique part of the sample in contact with the uranium 
solution. Three products were tested (two PTFE products and one silicon product). The 
silicon product ("PROSIL") has given the best results. Some additional tests are in 
progress to improve the quality of the silicon coating on the core sample. The planning of 
the sorption intercalibration exercise has been completed, rock and water samples for the 
calibration of U analyses have been distributed, and measurements are on the way. 

Task 4.2: A planning meeting for Task 4.2 was held (GTK, Espoo, Finland). The overall 
aim of Task 4.2 is to demonstrate that matrix diffusion can be observed, quantified and 
modelled with the experimental and theoretical tools available. The technical aim of the 
task is to test the classical matrix diffusion model against in situ observations made at 
Palmottu. This aim has relevance with respect to the integrated migration modelling task 
(4.4) and also to PA aspects (WP 5). The modelling approach consists of parallel use of 
matrix diffusion and uranium series disequilibria (USD) modelling that provides 
independent dating of the accumulated uranium system. Besides the concentration profile 
in the rock matrix being studied by diffusion model, USD dating can be done for fracture 
surface samples. 

Task 4.3: The plans for Task 4.3 will be refined during spring 1998. 
Task 4.4: The integrated migration modelling work will be focused at the Eastern flow 

system. The retardation mechanisms from mechanistic studies (sorption and matrix 
diffusion) and groundwater flow information from WP 1 and 2 will be applied. In addition, 
a quantitative understanding of the release rates of U from the rock into the flow system 
will be needed. This will be based on theoretical (geochemical) and experimental 
(extraction) considerations. For selecting samples for this Task, the following supporting 
information is available: structure model of the bedrock, groundwater flow modelling, 
groundwater chemistry, comparison of groundwater flow modelling and groundwater 
chemistry, fracture mineralogy, video logging of fracture characteristics in situ, and the 
results of the tracer test conducted around the bore holes of the Eastern flow system. The 
final criteria to select the proper fractures, is to apply phase-selective extractions to locate 
appropriate fracture-groundwater pairs. 

Two modelling approaches will be used in this Task, namely a simplified PA-oriented 
one (VTT Energy), and a more detailed coupled modelling approach (BRGM and 
ENRESA team). Geochemical evolution of the water-rock system will be utilized in the 
coupled modelling approach together with the groundwater flow field. This parallel use 
of two different modelling approaches may enable us to draw more detailed quantitative 
conclusions. The input data for all the models need to be based on experimental data on 
samples from the actual flow route. 

The numerical model will be constructed using the ALLAN and NEPTUNIX modelling 
aid programming environment, an approach used for treating these problems over the last 



5 years by the BRGM. Each developed model configuration will initially be tested in a 
"closed system" configuration in order to determine whether model-predicted ground water 
composition is in equilibrium with the ground water and mineral assemblages observed 
in the Palmottu formation. The solid phase will be composed of unlimited masses of 
mineral phases identified at specific Palmottu formation observation points. The results 
of this test will help in evaluating both the proposed mass action laws (stochiometry, K) 
and whether ground water residence time is sufficiently long for the system to reach local 
equilibrium for all kinetically hindered chemical reactions. If successful, the model would 
then be tested in an "open system" configuration wherein the reactor steady state 
groundwater composition and mineral phase dissolution and precipitation rates would be 
calculated for different solution flow rates and input compositions. These tests should 
allow evaluation of the reasonableness of proposed reaction kinetic constants vis i vis 
measured groundwater composition and flow rates, and solid phases. 

These single reactor tests, once successful, would then be followed by connection of 
several reactors in series, each corresponding to a specific Palmottu formation observation 
point along apresumed hydrodynamic, mass-transfer pathway. Each reactor would contain 
an initial solid phase made up of corresponding observed formation minerals; the initial 
reactor would be fed by water having the same composition as that circulating at the most 
upgradient formation point. 

WP 5: Conclusion relevant to repository pedomance assessment PA (KemaktaISKB) 

Objectives and main activities 

In WP 5, issues and phenomena with a potential impact on the safety and performance of 
a repository for radioactive waste will be evaluated and discussed. This will provide 
possibilities to describe and document scenarios for site evaluation as well as to test 
models used in PA of repositories, e.g. flow models, models of different transport 
phenomena, chemical speciation models and models describing different types of coup- 
lings. The intention of WP 5 is to sum up the information and concepts developed within 
other WP's with respect to PA-aspects. 

A complex natural system like the Palmottu site can provide information relevant to 
study of a large multitude of phenomena. Processes and phenomena which are of obvious 
concern in PA and well suited for Phase II studies include: scenario development (e.g. 
effects of different paleo-events), process-oriented studies (e.g. redox control in 
groundwater-rock systems, propagation of redox fronts, matrix diffusion and sorption, 
uranium sinks, effects of microbes), chemical evolution of infiltrating water, mobilization 
of uranium in the mineralized zone (e.g. dissolution of uraninite and formation of 
secondary uranium minerals and CO-precipitation) and processes interfacing with the 
biosphere. 

The study of these issues are organized within three major tasks: 

Task 5.1 Scenario development, 
Task 5.2 Near field, 
Task 5.3 Far field. 

For focusing the work and plans, a workshop was arranged in March 1998 with the 
purpose to identify the PA issues for which there is a reasonable chance that Palmottu data 
could give a contribution to the assessment credibility. The target of the workshop was to 



document the main contents for the final technical document of WP 5. To ensure this 
aspect to be fulfilled, the workshop was planned to be implemented as follows: 

Discussions on the contributions to scenario development 
main effects of glaciations 

Evaluation on the State of the process identification 
redox control 
propagation of redox fronts 
uranium dissolution 
the role of microbes and colloids 
sorption and matrix diffusion 
uranium sources and sinks 
solubility of uranium 

Discussion and planning for model testing 
groundwater evolution modeling 
coupled transport 
transport of other tracers (e.g. REE, Th) 
transport in the Eastern flow system 
blind predictive geochemical modeling 
biosphere interface modeling 
sorption and matrix diffusion models 
linking hydrochemistry and hydrogeology in interpretation of the flow regime 

Discussion and planning of data consistency and building PA database 
laboratory intercomparison on 

* Kd-measurements 
* groundwater analyses 
* sequential extractions 
* redox measurements 
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