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1. Background and aim 
SKI and SSI have raised the issue of the sufficiency of geochemical data from the site 
investigations. In response to this issue SKB has in this PM summarized the current status, 
considerations made and argued for that there will be enough geochemical data representing 
repository depth, especially concerning Laxemar, for the licence application aiming at starting 
underground exploration. 

Decision making: In general it is not straightforward to clearly define criteria to decide when there 
is sufficient information during a site investigation. Some of the information can only be fully 
acquired from surface investigations with large difficulty, or at the risk of destroying the site. The 
cost of obtaining information during the surface site investigations must therefore be weighted 
against the cost and value of obtaining the information during the underground exploration stages. 
It is also necessary to assess if the uncertainties remaining after the site investigation are reasonable 
in relation to the commitment involved in selecting the site and initiating underground activities. 

In /Andersson et al., 2004/ this matter is described as a decision taking problem, with associated 
expected costs and potential benefits 

• More investigations are associated with additional costs and with expected cost reduction: 
less probability of underground surprises and higher probability of getting the application 
approved. 

• The benefit from additional information decreases in proportion to how much is already 
known. If additional investigations on a property only slightly decrease its uncertainty, 
then the investigation might not be worthwhile, even if the uncertainty on the property is 
judged to be large. 

In addition, the knowledge requirement at the time of the licence application depends on the end-
user: 

• Scientists will in general “always” need more understanding. However, full scientific 
understanding is perhaps unattainable, and in fact the purpose of the site investigations is 
to provide a basis for a decision, not to provide a “true” scientific model. 

• For an engineer it might be enough with the information necessary to select a construction 
method, without a need for “full” understanding. On the other hand, a detailed spatial 
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description of the site might be needed for an engineer, for example for the layout of the 
repository. 

• For safety assessment process understanding is fundamental, but probability distributions 
of some properties might be enough. 

• Actors outside SKB (reviewers, authorities and local public) should become confident that 
the site investigation has reached its goal. However, it is quite probable that there always 
will be some experts who from their own perspective would argue that more information is 
needed. 

Uncertainties and confidence in the site description: It is necessary, in order to judge if enough 
information is available at the end of the site investigation, to evaluate uncertainties and confidence 
in the site description. For the groundwater composition, a critical issue is to explore the relation 
between wealth of data and our ability to describe the current spatial distribution ant its past and 
future evolution. Additional groundwater samples obtained from surface investigations do not 
always increase the description of spatial variability or the understanding of the groundwater’s 
evolution with time. 

2. Main processes controlling the evolution of 
groundwater composition 
Current understanding /SKB, 2005, 2006b/ suggest that the present day groundwater composition 
is a result of mixing/reactions and possible diffusion processes (this process dominates in low 
conductive rock and in deep groundwaters i.e. > 1000 m) such that it mainly reflects past changes 
in groundwater flow boundary conditions – the mixing processes essentially being controlled by 
climate and shore line displacement. This hypothesis has strong implications for Safety Assessment 
as it suggests that future changes in groundwater composition would be strongly affected by future 
changes in groundwater flow. 

There is strong support for the hypothesis that mixing (and possible diffusion) are the main 
processes affecting the salinity distribution, whereas other components are affected by additional 
processes, such as water-rock interactions: 

• Past attempts to explain composition as a result of weathering reactions alone were far less 
successful. 

• Water samples appear to have strong imprints of “historical waters” (Littorina sea water, 
glacial melt water). 

• Most equilibrium reactions take a very long (almost infinite) time at prevailing 
temperatures (some ion exchange and mineral equilibrium reactions are very fast, but this 
is also considered when estimating future groundwater composition). 

• It seems difficult to explain observations in any other way. 

2.1 Issues to consider 
Issues to be addressed were identified in the report on decision making /Andersson et al., 2004/: 

• Proper integration between hydrogeochemistry and hydrogeologic modelling, although 
promising, is still rudimentary. 

• The quality of groundwater samples can be questioned: Is some mixing produced in the 
boreholes? Are proper initial water samples obtained? Is it possible to get water 
compositions representative of low conductive parts of the rock? These issues are further 
discussed in the Appendix A. 



  1082650  - Geochemical data representing the 
repository depth, especially at Laxemar 

 Öppen 1.0 Godkänt  3 (14) 

 

1082650 - Geochemical data representing the repository depth, 
especially at Laxemar.doc Svensk Kärnbränslehantering AB 
 

• Simulations suggest that both mixing, some reactions and possibly matrix diffusion need to 
be considered. This calls for integration, not only with hydraulic modelling, but also with 
transport modelling and sampling of matrix transport properties. 

However, even if uncertainties remain, it can be questioned to what extent these are resolved by 
site specific data and their modelling. The main argument, for the process understanding, stems 
from the essentially consistent picture obtained from 20 years of sampling from more than 10 
different sites in the Fennoscandian shield, see e.g. /Laaksoharju et al., 1999a; Laaksoharju et al., 
1999b; Puigdomenech et al., 2001/. There are also observations from outside Fennoscandia in 
support of this claim. 

The following implications for site-specific work and analyses were stated /Andersson et al., 2004/: 

• There is a need to “confirm” that the overall hydrogeochemical concept also is valid at the 
local site. However, this does not require measurements at a very high number of locations 
at the site. 

• The focus should be on integration with flow and transport modelling. Hypotheses on the 
regional flow pattern may have implications on where to make sampling (potential need 
for regional boreholes) and understanding of boundary conditions. 

• Coupling with transport modelling implies a need for sampling of “water chemistry” of 
matrix water and consistency in diffusivities used in chemical modelling and in transport 
modelling. 

There is less need to accurately match results from specific sampling points with local fracture 
minerals. 

2.2 Methodology and concepts for data analysis and modelling 
applied by ChemNet 
The methodology and concepts used within ChemNet (SKB’s modelling group for geochemical 
data) is based on the arguments listed in the previous section. ChemNet relies not only on 
traditional water/rock interaction descriptions but also on close integration with the geology, 
hydrogeology and palaeo descriptions of the site. This integrated approach requires different types 
of information which provides a broader base from which to interpret the site hydrochemistry, 
sometimes being able to retain groundwater information that otherwise would be discarded as 
being non-representative, for example information that can be used for understanding the origin of 
the groundwater and mixing processes. In any case, the highest priority within SKB and ChemNet 
has been, and will also be in the future be, to collect the greatest possible number of good quality 
samples from each of the sites. 

The main objectives of a hydrogeochemical site descriptive model are to describe the groundwater 
chemistry and its distribution in the bedrock and overburden including the processes involved in its 
origin and past chemical evolution. The SKB hydrogeochemistry site characterisation programme 
and subsequent site descriptive modelling are intended to fulfil two basic requirements: 1) to 
provide representative and quality assured data for use as input parameter values in assessing the 
long-term repository safety, and 2) to understand the present undisturbed hydrogeochemical 
conditions and how they will change in the future due to repository construction. Parameter values 
of importance for safety analysis include pH, Eh, sulfide, Ca, SO4, HCO3, PO4 and TDS, together 
with colloids, fulvic and humic acids, other organics, bacteria and dissolved gases. These values 
will be used to characterise the groundwater chemical environment. When the hydrogeochemical 
environment has been satisfactorily characterised, this knowledge, together with an understanding 
of the past and present groundwater evolution, should provide the basis for evaluating possible 
future changes. 
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3. The required quality and amount of groundwater 
information representing the repository volume 
Do we have the appropriate quality and amount of data for site description and the safety 
assessment at the two investigated sites? The answer to this question is intimately dependent on the 
intended use of the data according to the discussions below. 

3.1 The quality of groundwater data 
One of the bases for site understanding is to sample as many undisturbed in situ groundwater 
samples as possible, and this is the aim of the SKB programme. Many of these sampled 
groundwaters reflect disturbances in the groundwater system providing important clues to the 
origin of the groundwaters and the major reactions affecting the groundwater system. In this 
respect it is necessary to be able to differentiate between ´naturally´ perturbed and ´unnaturally´ 
disturbed groundwaters, where the latter are anthropogenic in origin, primarily due to the many 
borehole activities. Even for some of these samples, however, back calculations can be made to 
help compensate/correct for the degree of mixing from drilling fluids. With careful consideration of 
open borehole hydraulics and the hydrogeology of the host bedrock, the quality of the samples may 
be classified according to the principles described in the Appendix A. 

3.2 Available groundwater data from the repository rock volumes 
The investigations of the Forsmark area and the Simpevarp area (including the Laxemar sub-area) 
are now beyond data freeze 2.2, and the hydrochemistry data have been classified according to the 
criteria given in the Appendix A. The final stage in the hydrochemical site characterisation 
programme will be concluded by data freeze 2.3, at which additional data from repository depth 
will become available. SKB has decided that the final site descriptive model for Forsmark will be 
based on the 2.2 data freeze, using the data in data freeze 2.3 to confirm, or otherwise, the 
conclusions reached from the 2.2 data. For the Laxemar sub-area, the final site descriptive model 
will be based on the data freeze 2.3. 

Samples comprising part of data freeze 2.2 from repository depths in the Simpevarp and Forsmark 
areas are shown in Figures 1 and 2, respectively. A three dimensional view of the 2.2 data freeze in 
the Simpevarp area is shown in Figure 3. The plots show that at Forsmark there are 12 Category 1 
and 41 Category 2-3 samples, of which 10 are samples of groundwaters from repository depth. For 
the Simpevarp area there are 2 samples of Category 1 and 74 deep groundwater samples of 
Category 2-3, of which 14 are samples of groundwaters from repository depth1 (7 in the Laxemar 
sub-area). 

                                                      
1 The deposition tunnels in the preliminary repository layout are located at about 500 m depth in 
Laxemar, and groundwater samples between 298 and 701 m depth have been here selected as 
representing the repository depth. 
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Figure 1: Simpevarp area: Chloride contents of groundwaters against depth. Two orange 
(Category 1) and 74 green samples (Category 2-3) are available in the data freeze 2.2, of which 7 
are from repository depth. Non-filled symbols indicate Category ≥4.  
 

 
Figure 2: Forsmark: Chloride contents of groundwaters against depth. Twelve orange (Category 
1) and 53 green (Category 2-3) samples are available at data freeze 2.2, with 10 of these samples 
at repository depth 350-700 m. Non-filled symbols indicate Category ≥ 4. 
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Figure 3: A three dimensional view of all samples from the Simpevarp area. The Simpevarp 
subarea is to the right of the Äspö HRL-tunnel (in black) and the  Laxemar subarea is to the left 
side of the HRL-tunnel. Spheres represent samples of Category 1, 2 and 3 (orange and green) and 
of lower category (white).   
 

3.3 How many samples are needed for the licence application? 
The answer depends on the properties of the site. The Forsmark and Laxemar sites have both 
different hydraulic properties and different palaeo waters at depth. This affects the possibilities to 
obtain representative samples. 

In addition to mixing, the groundwaters have been affected by different water/rock interaction 
processes which are reasonably well understood (see for example /SKB, 2005, 2006c, b/ and the 
Forsmark 2.1 report, in print). Therefore, to double or triple the number of samples may not 
necessarily improve understanding the origin and evolution of the groundwaters. In addition, even 
a large increase in number of samples may not be sufficient to improve the description of spatial 
variability. As mentioned in Section 2 greater understanding of spatial variability can only be 
achieved through integration with hydrogeological modelling, i.e. by using the hydrogeological 
properties of the bedrock to describe the possible spatial variability in salinity at the required 
discretisation level. Such calculations have been given high priority within the SKB site modelling. 
The success of such an enterprise relies on having available a sufficient number of adequate 
groundwater samples strategically located in the rock volume of the site supporting the model in 
terms of calibration. 

In the Äspö-HRL investigations the major groundwater types could be identified from a couple of 
deep boreholes drilled from the surface. However additional samples from the Äspö HRL access 
tunnel allowed a more detailed description of the spatial/temporal distribution at the site. Similarly, 
the number of samples from Forsmark and Laxemar are deemed adequate to identify and describe 
the major groundwater types necessary for site description purposes, but there can never be enough 
samples from surface boreholes to fully describe the spatial distribution of hydrogeochemical data 
at the sites. The potential need for strategic samples may be more critical for the Laxemar sub-area 
than at Forsmark, but this need can only be fully assessed from geological and hydrogeological 
feedback. An important step is therefore integration with the hydrogeological modelling. 
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3.3.1 Requirements from safety assessment 
The major input to safety assessment is process understanding – mixing of water types and 
microbial and mineral reactions – as well as parameters used in diverse calculations. A full 
description of the main processes at the sites is provided in the site characterisation reports, e.g. 
/SKB, 2005, 2006c/. In SR-Can a non-site specific analysis of the processes in the geosphere is 
provided in /SKB, 2006a/. For the majority of these processes there is a good knowledge base, and 
it is doubtful if more present-day groundwater data could decrease the uncertainty. For example, 
the anoxic conditions for groundwaters below perhaps 40 m depth are well established. For other 
processes, such as salt out-freezing during permafrost, it is doubtful if uncertainties can be 
decreased by present-day groundwater sampling at the sites. 

Parameters used in the safety assessment calculations, such as sulphide or methane concentrations, 
are based on the Category 1-3 samples provided by the site investigations. Clearly, more and more 
reliable data will decrease the uncertainty in these parameters, and less conservative values might 
be chosen if more data is available. However, it is not possible to give a general value for “how 
many” groundwater samples are needed. 

The evaluation of the future evolution of groundwater compositions is again provided by 
integration with hydrogeological modelling /Auqué et al., 2006/. 

3.3.2 Confidence, uncertainty and surprises 
Confidence in itself can not be exactly defined and it is thus not possible to quantify it 
“objectively” /Andersson et al., 2004/. As mentioned in previous section, the understanding of 
processes in groundwaters is deemed sufficient, or additional groundwater sampling can not 
increase our knowledge on these processes. Nevertheless, additional confidence is gained from 
having a few samples within the rock volume to be occupied by the repository. This also reduces 
the probability of finding “surprises” during the underground construction. If the exact layout of 
the repository is not well established, the approximate repository depth may be used as guidance 
when analysing the data, as shown in Figures 1 to 3. 

It is deemed that several representative samples from the repository rock volume at Forsmark 
provide enough confidence in that there is little probability for “surprises”. At the larger Laxemar 
sub-area the investigations have converged to smaller areas and the focus shifted to a rock body 
consisting of quartz monzodiorite located at the south and south-west of the study area. It is 
therefore desirable to have good quality groundwater samples from this rock body, and especially 
from repository depth. 

The last geologic model indicates that this rock body is reached by the following cored boreholes: 

• the bottom of boreholes KLX02, -08, -10, -12A, and -21B 

• the lower half of KLX03 and -05 

• in the totality of boreholes KLX11A, -14A, -15A, -16A, -19A, -20A 

This is illustrated in Figure 4, which also shows shorter cored boreholes. 
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Figure 4: A view from above of the quartz monzodiorite rock body and the boreholes in the 
Laxemar sub-area reaching this volume. Figure obtained as a “screen capture” of the 3D file in 
Appendix B. 
 
Groundwater samples from the quartz monzodiorite rock have only been taken from the following 
5 borehole sections: KLX02 (below −1400 m), KLX03 (−690, −700 and −920 m) and KLX12A (at 
−500 m). Thus, only two boreholes have been sampled from the repository rock volume within the 
quartz monzodiorite. 

This situation is somewhat distressing, or at least not very satisfactory. Because of this, the 
following actions have been taken by ChemNet: 

• Chemical characterisation at repository depth in KLX15A 

• Additional chemical sampling during the monitoring phase of KLX-cored boreholes 

o KLX05 (~ −630 m) 

o KLX19A (~ −510 m) 

• Chemical characterisation in connection to SWIW experiments in KLX11A. Samples from 
this borehole have the potential to provide groundwaters not affected by the Littorina 
period, as indicated in Figure 5. 

The plans are that these hydrogeochemical analyses will be included in the Laxemar modelling 
within the data freeze 2.3. 
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Figure 5: Borehole locations and maximum extent of Littorina Sea. Boreholes such as KLX11A 
(indicated by a light green ellipse at about Y=6366.5 km; X=1546.7 km) which is located above 
the highest Littorina sea level are of interest for additional sampling. 
 

4. Conclusions 
• As indicated in section 3.3, there are adequate groundwater samples to understand the 

major processes in terms of origin, mixing and reactions affecting the present-day 
groundwaters at the sites. 

• It is not possible to fully describe the spatial and temporal variation at the sites from 
sampling of boreholes drilled from the surface. This may improved by hydrogeological 
modelling.  

• To increase confidence, avoid possible “surprises” during the underground investigations, 
and to facilitate site comparison, additional samples from Laxemar related to structural 
features (e.g. deformation zones) and rock domains (e.g. quartz-monzodiorite) are needed. 
In particular from the southern part of the candidate sub-area. The additional groundwater 
sampling in boreholes KLX05, -11A, -15A and -19A should give valuable information that 
is expected to be sufficient for the site investigation phase. 
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APPENDIX A 
Classification of groundwater data 
 

For groundwater samples there is a specific need to discuss their quality and suitability for a given 
purpose. If data from groundwater samples are available, then there is a need to assess if the data 
are reliable and suitable or not for the site descriptive model. 

Representativity is meant to indicate if the groundwater sample indeed represents the groundwaters 
naturally found in the fractures at the vicinity of the sampling point. Several artefacts might affect 
the spatial representativity of a groundwater sample. The drilling process itself introduces drilling 
fluids into some of the fractures; this is to some extent controlled by introducing a tracer in the 
drilling waters. Some mixing may be produced in the boreholes during sampling if several 
fractures intersect the borehole within or close to the packed-off interval. In addition, mixing might 
occur when pumping water from a borehole section which is connected by fractures to relatively 
distant conductive zones which may intersect the borehole at other depths. Finally, in low 
conductive parts of the rock pumping might force waters from outside the packed-off section into 
the sampling equipment. 

Quality and completeness of the chemical analyses will affect a sample’s suitability for a given 
purpose. Important parameters may be lacking, such as downhole pH and Eh, or perhaps gases or 
some isotopic data. Uncertainties in the chemical analyses may be checked by a calculation of the 
electric charge balance. Drilling water content, evaluated by the use of a tracer also gives an 
indication on the quality and suitability of a sample. 

It is important also to point out that assigning a given level of ‘representativity’ or ‘suitability’ to a 
groundwater sample requires an evaluation of all the available hydrochemical data with reference 
to known hydraulic conditions in: a) the borehole, b) the fracture zone sections being sampled, and 
c) the surrounding host bedrock. The reliability of these data is therefore judged as much as 
possible on prevailing hydraulic and geologic conditions during drilling and subsequent monitoring 
and sampling. Without the integration of hydrochemistry, geology, hydrogeology and borehole 
activities there is a great danger that data can be misrepresented.  

A strict classification of groundwater samples has been developed and described for the present on-
going site investigation studies, e.g. /SKB, 2005, 2006b/. This classification is based on: 
a) experience of past SKB site investigations /Smellie et al., 1985; Smellie and Laaksoharju, 1992/, 
b) comparison with other national site characterisation programmes /SKB-TR-93-27/, and 
c) international programmes of natural analogue studies, e.g. /Nordstrom et al., 1992; Cramer and 
Smellie, 1994/. In many cases this strictness has been made to meet the demands of, for example, 
geochemical modelling of water/rock interaction processes which requires a reliable high quality 
groundwater data, and this has been successfully provided, albeit in cases based on few samples of 
sufficiently high quality. Lower quality samples have resulted mainly from the complex geological 
and hydrogeological setting of the site in combination with time constraints in the sampling 
programme. Because of the above reasons, together with the newly formulated requirements from 
the HydroNet and ChemNet modellers, it has been necessary to provide a modified approach to 
provide a more informative subdivision of intermediate to low quality data. The latest classification 
of groundwater samples is made to satisfy the demands of samples with a less complete set of 
analyses that nevertheless could be suitable for integration of hydrochemistry with hydrogeology. 
This classification, tested to meet HydroNet’s requirements, is based on five categories of 
groundwater quality described in some detail below. Categories 1-3 primarily meet the 
requirements of hydrogeochemical (but also hydrogeological) modelling, while Categories 4-5 
primarily meet hydrogeological requirements (but may also be of use for hydrogeochemical 
modelling with caution). A colour code is introduced to quickly distinguish samples when, for 
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example, data are presented in spread-sheet tables or as symbols in scatter plots. Dark orange is 
assigned to Category 1, yellow to Category 2, green to Category 3, grey to Category 4 and no 
colour (i.e. white) to Category 5. In the database this classification category is indicated 
numerically in a separate column in addition to the colour coding. Details of the classification into 
the various categories for both the Cored and Percussion Boreholes are given below. 

Cored boreholes 

• Category 1 Samples: highlighted in orange. Characterised by good time-series data and 
accompanied by complete analytical data (i.e. particularly all major ions and 
environmental isotopes); a charge balance of ±5%; less or close to 1% drilling water; 
reliable redox values; a good coverage of trace elements (including U, Th and REEs), and, 
if possible, microbe, organic and dissolved gas data. 

• Category 2 Samples: highlighted in yellow. Of similar quality to Category 1 but marked by 
incomplete analytical data (usually restricted to an absence of 14C and 13C and less trace 
element, microbe, organic and gas data) and/or with elevated concentrations of drilling 
water (1-5%). 

• Category 3 Samples: highlighted in green. This category differs significantly in quality 
from Categories 1 and 2 in terms of inadequate time-series data; time-series data that 
indicate instability during sampling; incomplete analytical data (such as absence of some 
isotopic and trace element data, microbe, organic and gas data, and redox values); elevated 
drilling water concentrations (5-10%). 

• Category 4 Samples: highlighted in grey. Samples largely similar in quality to Category 3 
but mostly restricted to Cl, Br, 18O, Mg, HCO3, Na, Ca, SO4; elevated drilling water 
concentrations (> 10%); absence or very incomplete time-series data. Type samples are 
often of an exploratory nature, i.e. mostly taken to see if there is adequate water volume 
and to check strategic indicators such as drilling water content, salinity (electrical 
conductivity) ± pH ± major ions (Cl, Br, SO4, HCO3) ± 18O. Some samples taken during 
drilling also fall within this category. 

• Category 5 Samples: not highlighted by colour (white). Samples with some major ions or 
18O missing; no charge balance values; elevated drilling water concentrations (> 10%); 
absence or very incomplete time-series data. Type samples in this category include those 
collected during drilling and during hydraulic pump tests. Samples of Tube Sample origin 
also fall within this category because of open hole mixing effects. 

Percussion boreholes 

• Category 1 Samples: highlighted in orange. a) Borehole sections were Flow Log data are 
available to demarcate more specifically the major groundwater input section along the 
open borehole. b) Isolated borehole sections < 50 m long where the groundwater data can 
be related approximately (or precisely) to constrained bedrock levels characterised by 
dominant water-conducting fracture(s). Both a) and b) cases should be characterised by 
good time-series data and be accompanied by complete analytical data (i.e. particularly all 
major ions and environmental isotopes; in most cases a good trace element (including U, 
Th and REEs) coverage). 

• Category 2 Samples: highlighted in yellow. Of similar quality to Category 1 but marked by 
incomplete analytical data, usually restricted to an absence of 14C and 13C and less trace 
element data. 

• Category 3 Samples: highlighted in green. a) Borehole sections were Flow Log data are 
available to demarcate more specifically the major groundwater input section(s) along the 
open borehole. b) Isolated borehole sections < 50 m long where the groundwater data can 
be related approximately (or precisely) to constrained bedrock levels characterised by 
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dominant water-conducting fracture(s). c) Samples differ significantly in quality from 
Category 1 and 2  in terms of inadequate time-series data, time-series data that indicate 
instability during sampling and incomplete analytical data (i.e. mostly absence of some 
isotopic and trace element data). 

• Category 4 Samples: highlighted in grey. a) Sampling is restricted to ≤100 m open 
borehole sections; no Flow Log data available. b) Samples largely similar in quality to 
Category 3 but restricted to Cl, Br, 18O, Mg, HCO3, Na, Ca, SO4; absence or very 
incomplete time-series data, often an absence of trace element data. 

• Category 5 Samples: not highlighted by colour (white). a) Open boreholes lacking Flow 
Log data such that there is a long section (≥200 m) characterised by groundwater mixing. 
b) Samples with some major ions or 18O missing; often absence of trace element data; no 
charge balance; absence or very incomplete time-series data. 

The two tables below further illustrate the classification criteria. 
 

Cored Boreholes Category 
Aspects/Conditions 1 2 3 4 5 
Drilling water (≤ 1%) x x x x x 
Drilling water (≤ 5%)  x x x x 
Drilling water (≤ 10%)   x x x 
Drilling water (> 10%)    x x 
Time series (adequate) x x x x x 
Time series (inadequate)   x x x 
Time series (absent)    x x 
Suitable section length x x x x x 
Sampling during drilling    x x 
Sampling during hydraulic testing   x x x 
Tube sampling     x 
Charge balance ±5% (±10% for <50 mg/L Cl) x x x x x 
Major ions (complete) x x    
Major ions (incomplete)   x x x 
Environmental isotopes (complete) x     
Environmental isotopes (incomplete)  x x x x 

 
Percussion Boreholes Category 
Aspects/Conditions 1 2 3 4 5 
Short restricted section length (e.g. monitoring)  x x x x 
Flow log available  x x x x 
Without flow log (0-100m)    x x 
Without flow log (0-200m)     x 
Time series/monitoring  x x x x 
Charge balance ±5% (±10% for <50 mg/L Cl)  x x x x 
Major ions  x x x x 
Environmental isotopes (incomplete)  x x x x 
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APPENDIX B 
3D view of the quartz monzodiorite rock body in the 
Laxemar sub-area 
 
Next page shows a 3D view of the quartz monzodiorite rock body in Laxemar. The figure may be 
seen with Acrobat Reader 7 or higher which may be downloaded from 
http://www.adobe.com/products/reader/ 
 
By right-clicking on figure with the mouse a menu is displayed, and several display options are 
then available. The view shown in Figure 4 may be obtained by disabling the Flashlight, setting the 
Scene to Transparent, setting the background to grey, and finally rotating and enlarging the view. 
 
 


