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Abstract

The possibility to perform a large scale prediction throughout Sweden was
tested. The aim of the work was: to collect data and create a groundwater
database for current and future use; to see if there is any correlation between
data at different sites; to perform a modelling where the groundwater
composition at different regions in Sweden is predicted.

The outcome of the predictions were compared with the measured data at
different sites. The results show that it is possible but more work needs to be
done to improve the prediction models. More measurements at depth are
needed to enable the use of 3D models. It is also important to include
hydrogeological parameters in the groundwater chemical prediction models
that are used.

Abstract (Swedish)

Mojligheten att utfora storskaliga grundvattenpredikteringar for olika
undersokningsplatser i Sverige har testats. Ett syfte med arbetet var att
skapa en grundvattendatabas. Det andra syftet var en omfattande
korrelations analys for att finna samband 1 data, samt att utfora ett test dar
grundvattensammansittningen 1 olika svenska undersdkningsomraden

predikterades.

Utfallet av predikteringarna jimfordes med uppmétta virden fran olika
omraden. Resultatet visar att det ar mojligt att utféra denna typ av
predikteringar men mera arbete kravs for att forbittra modellerna. Fler
matningar behovs frin djupa borrhdl for att 3D modeller skall bli
tillforlitliga. Det 4ar dven nddvindigt att inkludera hydrogeologiska
parametrar i modellerna.
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BACKGROUND AND AIM

In Wikberg and Gustafsson (1993), Wikberg et al. (1994a) and Wikberg et
al. (1994b) the groundwater chemistry in the Aspé hard rock laboratory was
predicted. The major components Cl, Ca, Na, S04 and HCO; describe the
groundwater composition well and were predicted by regression analyses,
principal component analyses, neural network and kriging. Kriging is
especially suitable when predicting the groundwater in a region.

Development and evaluation of prediction models and strategies are
important for a number of reasons. When selecting new sites a well
performed prediction of the new site will lower the cost, decrease the time
spent and increase the effectiveness. A prediction model such as the one in
this report also evaluates the current knowledge about the systems. The
evaluation will help answer the question: What do we really know compared
to what we think we know? A prediction like the one below will indicate
how much information it is possible to draw from a new predicted site. It
will also take into account what is needed to improve the prediction models
to be able to perform reliable predictions at new sites.

The aim of our current work is as follows: to collect data and create a
database for current and future use; to see if there is any correlation between
data at different sites; to perform a pilot study and predict the groundwater
composition in different regions in Sweden. The strategy is to perform
cross-predictions (see Chapter 2) based on Sveriges Geologiska
Undersokningars (SGU) brunnsarkiv (the Swedish Geological Survey,
archive of well data (pers. comm. Sten Sandstrém, 1994) in combination
with site characterisation data in GEOTAB (successor to SICADA), the
Swedish Nuclear Fuel and Waste Management Company (SKB) database
(pers. comm. Ann-Chatrin Nilsson, 1994). In the early part of the project a
Neural Network and the 3D spatial location of the sampling points were
used to predict Cl and the predicted Cl was to be used to predict the other
groundwater constituents. The results showed that the deep samples were
too few so that no meaningful predictions were obtained. Simplifications
were needed. Using Kriging and the 2D spatial location of the sampled
points the Cl versus sampling depth was predicted. To illustrate the results
of the different site predictions the following elements were calculated using
multiple linear regression: Cl, HCO3, Ca, SO4, K, S, Fe, TOC, and pH.



STRATEGY

The data from 14 SKB sites include 151 observations (between 2 and 55
observations per site). In order to accommodate the limitations of 2D
kriging the mean (Cl versus sampling depth) for each site was calculated and
used for predictions. The well data contain 253 observations at different
sample locations on the Swedish mainland and at sampling depth >120m.

The predictions were performed as cross-predictions. This means that the
first site to be predicted was excluded from the dataset before the prediction
took place. When the next site was to be predicted the first site was included
and the second site was excluded from the dataset. This procedure was
repeated for all sites. The Aspd, Finnsjon, Fjillveden, Forsmark, Gidea,
Kamlunge, Karlshamn, Klipperdas, Krakemala, Lansjirv, Stripa,
Svartboberget, Taavinunnanen, and Zinkgruvan sites were predicted. The
locations of the observations are shown in Figure 2-1.
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Figure 2-1. Map of Sweden showing the sample locations of the well and
site observations.

The predictions were performed as a sequential combination of two
statistical prediction methods: kriging followed by multiple linear regression.
In the first prediction phase the mean (Cl versus sampling depth) was
predicted, using kriging, for each site. In the second phase the predicted Cl
versus sampling depth and the important location parameters were used in a
multiple linear regression to predict the element concentration at different
sites and depths.



3.1.

3.2.

PREDICTION METHODS

KRIGING

Kriging is based on the theory that unknown values physically close in
location to a known value would also be numerically close to that known
value. Unknown values far away from a known value would be more
uncertain. All values have an uncertainty, a variance, associated with it.
There are different ways of estimating the unknown values and their
corresponding variances. Kriging seeks the minimum variance of the error
of estimation. When estimating the missing or unknown values, the closest
known values and their variance functions are used to estimate the unknown
value and the variance of the estimate (Henley, 1981; Fortner, 1992). The
computer program used was SURFER for Windows (1 994).

MULTIPLE LINEAR REGRESSION

The multiple linear regression model is based on the least-square method
that minimises the distance between the observed values and the equation of
the model. The linear regression model states the following assumptions.
The observations are independent, normally distributed, the variance is the
same, and the relationship between dependent and independent variables is
linear (Kleinbaum et al., 1988). The computer program used was
STATISTICA for Windows (1995) and STATGRAPHICS PLUS for

Windows (1994).



RESULTS OF THE PREDICTIONS

The results of the predictions are compared with measured data and shown
in relation to depth (Figures 4-1 - 4-22). The prediction error for the
multiple linear regression is also shown. The error shown is the smallest
assumable error. The true overall prediction error is larger. A general
prediction error includes measurement error, analysis error, misfit to the
applied distribution, kriging error etc. The error interval is not a confidence
interval. As seen in some of the Figures 4-1 - 4-14 the predicted CI content
is negative. Negative predictions would by definition be set at zero. About
half of the sites have too few locations (i.e. there were few existing
boreholes), and it is therefore not possible to see any trends in the

measurements.

The Cl predictions for the Aspb site are low but follow the measured trend
(Figure 4-1).
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Figure 4-1. The measured (dots) and predicted (crosses) CI content at the
Aspo site in relation to the depth below sea level. The dotted lines show =

the standard deviation of the prediction (Sp).

The Cl predictions for the Finnsjon site are low but follow the measured
main trend for most observations. In the southern part of the Finnsjon site
there are some low Cl measurements that are predicted too high at greater

depths (Figure 4-2).
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Figure 4-2. The measured (dots) and predicted (crosses) CI content at the
Finnsjon site in relation to the depth below sea level. The dotted lines show
+ the standard deviation of the prediction (sp).

At the Fjllveden site the measured ClI content is generally low. However,
the predictions follow a different trend to the measured one - the deeper the
depth, the higher the prediction (Figure 4-3).
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Figure 4-3. The measured (dots) and predicted (crosses) Cl content at the
Fjcllveden site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (Sp).



The Forsmark site is located underneath the Baltic Sea. The prediction
model does not recognise the Baltic Sea influence and the Cl predictions are
low compared to the measured Cl content (Figure 4-4).
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Figure 4-4. The measured (dots) and predicted (crosses) Cl content at the
Forsmark site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (sp).

The Cl content at the Gides site is low at depth. However, the predicted
trend does not correspond to the measured one - thus the predictions at depth
are high. No prediction is one standard deviation or more from the

corresponding measurement (Figure 4-3).
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Figure 4-5. The measured (dots) and predicted (crosses) Cl content at the
Gided site in relation to the depth below sea level. The dotted lines show =+

the standard deviation of the prediction (sp,).

The Cl content at the Kamlunge site is low at depth. However, the predicted
trend does not correspond to the measured one - thus the deep predictions

are high (Figure 4-6).
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Figure 4-6. The measured (dots) and predicted (crosses) Cl content at the
Kamlunge site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (sp,).



The Cl content at the Karlshamn site is low at depth. However, the predicted
trend does not correspond to the measured one - thus the predictions at depth
are high. No prediction is one standard deviation or more from the

corresponding measurement (Figure 4-7).
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Figure 4-7. The measured (dots) and predicted (crosses) Cl content at the
Karlshamn site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (p,).

The Cl content at the Klipperas site is low at depth. The predicted trend
does not correspond to the measured one - thus the predictions at depth are

high (Figure 4-8).
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Figure 4-8. The measured (dots) and predicted (crosses) Cl content at the
Klipperas site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (Sp).

The Cl predictions for the Krakemala site are high (Figure 4-9).
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Figure 4-9. The measured (dots) and predicted (crosses) Cl content at the
Krékemdla site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (Sp,).

The Cl predictions for the Lansjérv site are negative and should by
definition be set to zero and correspond to the Cl content measured at the

site (Figure 4-10).
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Figure 4-10. The measured (dots) and predicted (crosses) Cl content at the
Lansjdrv site in relation to the depth below sea level. The dotted lines show

+ the standard deviation of the prediction (Sp).

The CI content at the Stripa site is low at depth. The predicted trend does
not correspond to the measured one - thus the predictions at depth are high

(Figure 4-11).
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Figure 4-11. The measured (dots) and predicted (crosses) Cl content at the
Stripa site in relation to the depth below sea level. The dotted lines show +

the standard deviation of the prediction (Sp,).
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The Cl content at the Svartboberget site is low at depth. The predicted trend
does not correspond to the measured one - thus the predictions at depth are

high (Figure 4-12).
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Figure 4-12. The measured (dots) and predicted (crosses) ClI content at the
Svartboberget site in relation to the depth below sea level. The dotted lines
show =+ the standard deviation of the prediction (sy,).

The Cl predictions for the Taavinunnanen site are negative and should by
definition be set to zero and correspond to the Cl content measured at the

site (Figure 4-13).
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Figure 4-13. The measured (dots) and predicted (crosses) CI content at the

Taavinunnanen site in relation to the depth below sea level.

lines show + the standard deviation of the prediction (s,,).
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The Cl predictions at the Zinkgruvan site are low and the increase with
depth is smaller than the two measured observations indicate (Figure 4-14).
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Figure 4-14. The measured (dots) and predicted (crosses) Cl content at the
Zinkgruvan site in relation to the depth below sea level. The dotted lines

show =+ the standard deviation of the prediction (Spy,).

The HCOs predictions at the Aspd site describe the measured HCOj; content
below 150m well. The predictions are low at a shallower depth

(Figure 4-15).
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Figure 4-15. The measured (dots) and predicted (crosses) HCOj content at
the Aspo site in relation to the depth below sea level. The dotted lines show

+ the standard deviation of the prediction (Sp,).
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The trend of the Ca predictions at the Aspé site is not steep enough to
correspond to the measurements. The predictions are generally low

(Figure 4-16).
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Figure 4-16. The measured (dots) and predicted (crosses) Ca content at
the Aspo site in relation to the depth below sea level. The dotted lines show
+ the standard deviation of the prediction (5py,).

The trend of the SO predictions at the Aspd site is not steep enough to
correspond to the measurements. The predictions are generally low
(Figure 4-17).
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Figure 4-17. The measured (dots) and predicted (crosses) SOy content at
the Aspo site in relation to the depth below sea level. The dotted lines show
+ the standard deviation of the prediction (sp,).
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The K at the Aspé site is well predicted. However, the high measured values
in the shallow part are not recognised by the prediction model (Figure 4-18).
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Figure 4-18. The measured (dots) and predicted (crosses) K content at the
Aspé site in relation to the depth below sea level. The dotted lines show =

the standard deviation of the prediction (Sp,).

The measured S at the Aspé site varies without any obvious trend. The
predictions are good in most cases (Figure 4-19).
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Figure 4-19. The measured (dots) and predicted (crosses) S content at the
Aspo site in relation to the depth below sea level. The dotted lines show *

the standard deviation of the prediction (Sp,).
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Fe is well predicted at the Aspo site. No prediction is one standard
deviation or more from the corresponding measurement (Figure 4-20).
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Figure 4-20. The measured (dots) and predicted (crosses) Fe content at the
Aspo site in relation to the depth below sea level. The dotted lines show =

the standard deviation of the prediction (sp).

TOC prediction is slightly high at the Aspo site. No prediction is one
standard deviation or more from the corresponding measurement

(Figure 4-21).
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Figure 4-21. The measured (dots) and predicted (crosses) TOC content at
the Aspo site in relation to the depth below sea level. The dotted lines show

= the standard deviation of the prediction (Sp,).
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pH prediction is slightly low at the Aspé site. No prediction is one standard
deviation or more from the corresponding measurement (Figure 4-22).

10

9 o

o
8 e® % e ® o o o oo l ;
—_ ® Y oee . A | e  Measured;
2 oo o +* . |
R ++4H:--H+-§H-H~++!- o ++ L+ Predxcted}
E [ ] | [PE— Spr |
= [ ] i
T { ————"spr E
— _ _ —_

5 +
4 - : :
0 200 400 600 800 1000
Depth (metres below sea level)

Figure 4-22. The measured (dots) and predicted (crosses) pH content at
the Aspa site in relation to the depth below sea level. The dotted lines show

+ the standard deviation of the prediction (Sp,).

The results of the predictions for the elements and sites not shown in
Figures 4-1 - 4-22 are found in Appendix 1. Only predictions with
corresponding measurements are shown.
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DISCUSSION

One of the questions initiating this work was: Is it possible to make
groundwater predictions on a large scale throughout Sweden? The results
show that it is possible but more work needs to be done to improve the
prediction models. More measurements at depth are needed to enable the
use of 3D models. It is also important to include hydrogeological
parameters in the prediction models that are used.
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APPENDIX A: FINNSJON

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression 1is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. —Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure A-1. The measured (dots) and predicted (crosses) HCOs content at
the Finnsjon site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (sp,).
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Figure A-2. The measured (dots) and predicted (crosses) Ca content af the
Finnsjon site in relation to the depth below sea level. The dotted lines show

+ the standard deviation of the prediction (Sp;).
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Figure A-3. The measured (dots) and predicted (crosses) SO4 content at
the Finnsjon site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (p,).
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Figure A-4. The measured (dots) and predicted (crosses) K content af the
Finnsjon site in relation to the depth below sea level The dotted lines show

+ the standard deviation of the prediction (sp).
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Figure A-5. The measured (dots) and predicted (crosses) S content at the
Finnsjon site in relation to the depth below sea level. The dotted lines show
=+ the standard deviation of the prediction (Sp,).
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Figure A-6. The measured (dots) and predicted (crosses) Fe content at the
Finnsjon site in relation to the depth below sea level. The dotted lines show
+ the standard deviation of the prediction (sp,).
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Figure A-7. The measured (dots) and predicted (crosses) TOC content at
the Finnsjon site in relation to the depth below sea level. The dotted lines

show =+ the standard deviation of the prediction (sp,).
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Figure A-8. The measured (dots) and predicted (crosses) pH content at the
Finnsjon site in velation to the depth below sea level. The dotted lines show

=+ the standard deviation of the prediction (spy).
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APPENDIX B: FJALLVEDEN

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure B-1. The measured (dots) and predicted (crosses) HCO; content at
the Fjcllveden site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure B-2. The measured (dots) and predicted (crosses) Ca content at the
Fjillveden site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure B-3. The measured (dots) and predicted (crosses) SOy content at
the Fjdllveden site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction ().
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Figure B-4. The measured (dots) and predicted (crosses) K content at the
Fjdllveden site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sp,).
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Figure B-5. The measured (dots) and predicted (crosses) S content at the
Fjdllveden site in relation fo the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sp,).
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Figure B-6. The measured (dots) and predicted (crosses) Fe content at the
Fjdllveden site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure B-7. The measured (dots) and predicted (crosses) T OC content at
the Fjillveden site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (sp,).
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Figure B-8. The measured (dots) and predicted (crosses) pH content at the
Fjcillveden site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sp,).
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APPENDIX C: FORSMARK

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure C-1. The measured (dots) and predicted (crosses) HCOj content at
the Forsmark site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (sp,).
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Figure C-2. The measured (dots) and predicted (crosses) Ca content at the
Forsmark site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sy,).
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Figure C-3. The measured (dots) and predicted (crosses) SOs content at
the Forsmark site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (sy,).
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Figure C-4. The measured (dots) and predicted (crosses) K content at the
Forsmark site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sy,).
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Figure C-5. The measured (dots) and predicted (crosses) Fe content at the
Forsmark site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sp,).
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APPENDIX D: GIDEA

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure D-1. The measured (dots) and predicted (crosses) HCO;z content at
the Gided site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure D-2. The measured (dots) and predicted (crosses) Ca content at the
Gidead site in relation to the depth below sea level. The dotted lines show =

the standard deviation of the prediction (sp,).
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Figure D-3. The measured (dots) and predicted (crosses) SOy content at
the Gided site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (Sp).

10

8+

6 4

o  Measured
é'%: 47 +  Predicted |
VP R + 3 t ¢« | |----- spr |
* ————+spr

0 =+

2+

'4 i l 1 13

0 100 200 300 400 500
Depth (metres belowsealevel)

Figure D-4. The measured (dots) and predicted (crosses) K content at the
Gided site in relation to the depth below sea level. The dotted lines show =

the standard deviation of the prediction (S,,).
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Figure D-5. The measured (dots) and predicted (crosses) S content at the
Gided site in relation to the depth below sea level. The dotied lines show =

the standard deviation of the prediction (sp).
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Figure D-6. The measured (dots) and predicted (crosses) Fe content at the
Gided site in relation to the depth below sea level. The dotted lines show +

the standard deviation of the prediction (Spy).
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Figure D-7. The measured (dots) and predicted (crosses) TOC content at
the Gided site in relation to the depth below sea level. The dotted lines

show =+ the standard deviation of the prediction (sp,).
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Figure D-8. The measured (dots) and predicted (crosses) pH content at the
Gided site in relation to the depth below sea level. The dotted lines show =

the standard deviation of the prediction (sy,).
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APPENDIX E: KAMLUNGE

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure E-1. The measured (dots) and predicted (crosses) HCOj content at
the Kamlunge site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sp,).
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Figure E-2. The measured (dots) and predicted (crosses) Ca content at the
Kamlunge site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (Sp,).
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Figure E-3. The measured (dots) and predicted (crosses) SO content at
the Kamlunge site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sy,).
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Figure E-4. The measured (dots) and predicted (crosses) K content at the
Kamlunge site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (sp,).
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Figure E-5. The measured (dots) and predicted (crosses) S content aft the
Kamlunge site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (sp,).
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Figure E-6. The measured (dots) and predicted (crosses) Fe content at the
Kamlunge site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure E-7. The measured (dots) and predicted (crosses) TOC content at
the Kamlunge site in relation fo the depth below sea level. The dotted lines
show = the standard deviation of the prediction (Sp,).
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Figure E-8. The measured (dots) and predicied (crosses) pH content at the
Kamlunge site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (S).
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APPENDIX F: KARLSHAMN

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure F-1. The measured (dots) and predicted (crosses) HCO; content at
the Karlshamn site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure F-2. The measured (dots) and predicted (crosses) Ca content at the
Karlshamn site in relation to the depth below sea level. The dotied lines

show = the standard deviation of the prediction (s,,).
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Figure F-3. The measured (dots) and predicted (crosses) SOy content at
the Karlshamn site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sy,).
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Figure F-4. The measured (dots) and predicted (crosses) K content at the
Karlshamn site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (sp,).
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Figure F-5. The measured (dots) and predicted (crosses) Fe content at the
Karlshamn site in relation to the depth below sea level. The dotied lines
show = the standard deviation of the prediction (sp,).
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APPENDIX G: KLIPPERAS

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure G-1. The measured (dots) and predicted (crosses) HCOs content at
the Klipperas site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (Sp,).
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Figure G-2. The measured (dots) and predicted (crosses) Ca content al the
Klipperas site in relation fo the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure G-3. The measured (dots) and predicted (crosses) SO4 content at
the Klipperés site in relation to the depth below sea level. The dotted lines
show =+ the standard deviation of the prediction (Sp,).
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Figure G-4. The measured (dots) and predicted (crosses) K content at the
Klipperas site in relation to the depth below sea level. The dotted lines
show = the standard deviation of the prediction (sp,).
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Figure G-5. The measured (dots) and predicted (crosses) S content at the
Klipperas site in relation to the depth below sea level. The dotted lines
show =+ the standard deviation of the prediction (Sp,).
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Figure G-6. The measured (dots) and predicted (crosses) Fe content at the
Klipperas site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (s,).
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Figure G-7. The measured (dots) and predicted (crosses) T OC content at
the Klipperds site in relation to the depth below sea level. The dotted lines

show = the standard deviation of the prediction (Sp,).
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APPENDIX H: KRAKEMALA

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure H-1. The measured (dots) and predicted (crosses) HCQO; content at
the Krdkemdla site in relation to the depth below sea level. The dotted lines

show =+ the standard deviation of the prediction (sp,).
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Figure H-2. The measured (dots) and predicted (crosses) Ca content at the

Krékemala site in relation fo the depth below sea level.
show = the standard deviation of the prediction (sp,).
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Figure H-3. The measured (dots) and predicted (crosses) SO, content at
the Krékemdla site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (Sp,).
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Figure H-4. The measured (dots) and predicted (crosses) K content at the
Krékemdla site in relation to the depth below sea level.

show + the standard deviation of the prediction (Spy).
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Figure H-5. The measured (dots) and predicted (crosses) Fe content at the
Krékemdla site in relation fo the depth below sea level. The dotted lines
show = the standard deviation of the prediction (p,).
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APPENDIX I: LANSJARV

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure I-1. The measured (dots) and predicted (crosses) HCO; content at
the Lansjarv site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (sy,).
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Figure I-2. The measured (dots) and predicted (crosses) Ca content at the
Lansjirv site in relation to the depth below sea level. The dotied lines show

+ the standard deviation of the prediction (sp,).
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Figure I-3. The measured (dots) and predicted (crosses) SOy content at the
Lansjdrv site in relation to the depth below sea level. The dotted lines show

= the standard deviation of the prediction (sy,).
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Figure I-4. The measured (dots) and predicted (crosses) K content at the
Lansjarv site in relation to the depth below sea level. The dotted lines show

- the standard deviation of the prediction (Sy,).
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Figure I-5. The measured (dots) and predicted (crosses) S content at the
Lansjdrv site in relation to the depth below sea level. The dotted lines show

+ the standard deviation of the prediction (sy,).
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Figure I-6. The measured (dots) and predicted (crosses) Fe content at the
Lansjdrv site in relation to the depth below sea level. The dotted lines show

+ the standard deviation of the prediction (sp,).
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Figure I-7. The measured (dots) and predicted (crosses) pH content at the
Lansjarv site in relation to the depth below sea level. The dotted lines show

+ the standard deviation of the prediction (s,,).
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APPENDIX J: STRIPA

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure J-1. The measured (dots) and predicted (crosses) HCO; content at
the Stripa site in relation to the depth below sea level The dotted lines

show =+ the standard deviation of the prediction (sp,).
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Figure J-2. The measured (dots) and predicted (crosses) Ca content at the
Stripa site in relation fo the depth below sea level. The dotted lines show =+

the standard deviation of the prediction (s,,).
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Figure J-3. The measured (dots) and predicted (crosses) SOy content at
the Stripa site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (s,y).
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Figure J-4. The measured (dots) and predicted (crosses) K content at the
Stripa site in relation to the depth below sea level. The dotted lines show +

the standard deviation of the prediction (sp,).
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Figure J-5. The measured (dots) and predicted (crosses) pH content at the
Stripa site in relation to the depth below sea level. The dotted lines show =+
the standard deviation of the prediction (sp,).
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APPENDIX K: SVARTBOBERGET

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure K-1. The measured (dots) and predicted (crosses) HCO; content at
the Svartboberget site in relation fo the depth below sea level. The dotied
lines show + the standard deviation of the prediction (sp,).

Ca (mg/1)

2000

1500

1000

500

-500

-1000

-1500

e  Measured

+  Predicted

/4/ - .
- '///
/// +
4 /// +
/// +
+ i . 7
+ P
4 + /////
0 100 200 300 400 500 600 700

Depth (metres belowsea level)

800

Figure K-2. The measured (dots) and predicted (crosses) Ca content at the
Svartboberget site in relation to the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sy,).
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Figure K-3. The measured (dots) and predicted (crosses) SO4 content at
the Svartboberget site in relation to the depth below sea level. The dotted
lines show = the standard deviation of the prediction (sp,).
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Figure K-4. The measured (dots) and predicted (crosses) K content at the
Svartboberget site in relation fo the depth below sea level. The dotted lines

show + the standard deviation of the prediction (sp,).

70



05
04 + I
03 1 e

02 +

+ e Measured
O. 1 T +
. Py +  Predicted

S (mg/l)

o

.
+

+o

o
°
.

0.1+

02+ -

03 -

-0.5 f ; f g f + ;
0 100 200 300 400 500 600 700 800

Depth (metres belowsea level)

Figure K-5. The measured (dots) and predicted (crosses) S content at the
Svartboberget site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (sp;).
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Figure K-6. The measured (dots) and predicted (crosses) Fe content at the
Svartboberget site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (Sp,).
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Figure K-7. The measured (dots) and predicted (crosses) TOC content at
the Svartboberget site in relation to the depth below sea level. The dotted
lines show = the standard deviation of the prediction (sp,).
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Figure K-8. The measured (dots) and predicted (crosses) pH content at the
Svartboberget site in relation to the depth below sea level. The dotted lines

show =+ the standard deviation of the prediction (Sp,).
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APPENDIX L: TAAVINUNNANEN

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
" measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure L-1. The measured (dots) and predicted (crosses) HCOs content at
the Taavinunnanen site in relation fo the depth below sea level. The dotted

lines show = the standard deviation of the prediction (sp,).
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Figure L-2. The measured (dots) and predicted (crosses) Ca content at the
Taavinunnanen site in relation to the depth below sea level. The dotted

lines show = the standard deviation of the prediction (sp,).
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Figure L-3. The measured (dots) and predicted (crosses) SO4 content at
the Taavinunnanen site in relation to the depth below sea level. The dotted

lines show =+ the standard deviation of the prediction (sy,).
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Figure L-4. The measured (dots) and predicted (crosses) K content at the
Taavinunnanen site in relation to the depth below sea level. The dotted

lines show + the standard deviation of the prediction (sp,).
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Figure L-5. The measured (dots) and predicted (crosses) S content at the

Taavinunnanen site in relation to the depth below sea level
lines show =+ the standard deviation of the prediction (s,,).

The dotted

12

10 1

Fe g/l
(@28

e  Measured

+  Predicted

-150 -100 -50
Depth (metres belowsealevel)

Figure L-6. The measured (dots) and predicted (crosses) Fe content at the

Taavinunnanen site in relation to the depth below sea level.
lines show = the standard deviation of the prediction (sp,).
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Figure L-7. The measured (dots) and predicted (crosses) Tt OC content at

the Taavinunnanen site in relation to the depth below sea level. The dotted

lines show =+ the standard deviation of the prediction (Sp).
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Figure L-8. The measured (dots) and predicted (crosses) pH content at the

Taavinunnanen site in relation to the depth below sea level.
lines show = the standard deviation of the prediction (sy,).
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APPENDIX M: ZINKGRUVAN

The results of the predictions are compared with measured data and shown
in relation to depth. The prediction error for the multiple linear regression is
also shown. The error shown is the smallest assumable error. The true
overall prediction error is larger. A general prediction error includes
measurement error, analysis error, misfit to the applied distribution, kriging
error etc. The error interval is not a confidence interval. Negative
predictions would by definition be set at zero. Only predictions with
corresponding measurements are shown.
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Figure M-1. The measured (dots) and predicted (crosses) HCO;s content at
the Zinkgruvan site in relation to the depth below sea level. The dotted lines
show =+ the standard deviation of the prediction (sy,).
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Figure M-2. The measured (dots) and predicted (crosses) Ca content at
the Zinkgruvan site in relation to the depth below sea level. The dotted lines

show =+ the standard deviation of the prediction (s,,).
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Figure M-3. The measured (dots) and predicted (crosses) SO, content at
the Zinkgruvan site in relation to the depth below sea level. The dotted lines

show =+ the standard deviation of the prediction (sp,).
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Figure M-4. The measured (dots) and predicted (crosses) K content at the
Zinkgruvan site in relation to the depth below sea level. The dotted lines
show + the standard deviation of the prediction (s,,).
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Figure M-5. The measured (dots) and predicted (crosses) Fe content at the
Zinkgruvan site in relation to the depth below sea level. The dotted lines
show =+ the standard deviation of the prediction (sp,).
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