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ABSTRACT 
 
The isotopic composition of oxygen and hydrogen in local precipitation is a key 
parameter in the modelling of local water circulation. This study was initiated in order 
to provide systematic monthly records of the isotope content of atmospheric 
precipitation in the Olkiluoto area and to establish the relation between local rainfall and 
newly formed groundwater. During January 2005 – December 2012, a total of 85 
cumulative monthly rainfall samples and 68 shallow groundwater samples were 
collected and the isotopic composition of oxygen and hydrogen was recorded for all 
those samples. Tritium values are available for 79 precipitation and 65 groundwater 
samples. Based on the 8-year monitoring, the long-term weighted annual mean isotope 
values of precipitation and the mean values of shallow groundwater are -11.59‰ and 
-11.27‰ for δ18O, -82.3‰ and -80.3‰ for δ2H and 9.8 and 9.1 TU for tritium, 
respectively. Based on these data, the mean stable isotope ratios of groundwater 
represent the long-term mean annual isotopic composition of local precipitation. The 
precipitation data were used to establish the local meteoric water line (LMWL) for the 
Olkiluoto area. The line is formulated as: H = 7.45* δ18O + 3.82. The isotope time 
series reveal a change in time. The increasing trend for the δ18O and δ2H values may be 
related to climatic variability while the gradual decline observed in the 3H data is 
attributed to the still continuing decrease in atmospheric 3H activity in the northern 
hemisphere. The systematic seasonal and long-term tritium trends suggest that any 
potential ground-level tritium release from the Olkiluoto nuclear power plants is 
insignificant. The d-excess values of Olkiluoto precipitation during the summer period 
indicated that a notable amount of re-cycled Baltic Sea water may have contributed to 
precipitation in the Finnish southern coast. Preliminary estimates of the evaporated 
Baltic Sea water proportion in Olkiluoto summer precipitation were calculated in this 
study. 
 
Keywords: atmospheric precipitation; groundwater; isotopes; 18O; deuterium; tritium; 
Olkiluoto; Finland. 



 



 

SADANNAN JA POHJAVEDEN 18O, 2H JA 3H ISOTOOPPIKOOSTUMUS 
OLKILUODOSSA  
 
TIIVISTELMÄ 
 
Sadannan hapen ja vedyn isotooppikoostumus on keskeinen lähtötieto tutkittaessa veden 
alkuperää, viipymää, ja geokemiallisia reaktioita pohjavesimuodostumassa. Tämän 
tutkimuksen tavoitteena oli luoda kuukausittaiseen seurantaan perustuva ajallisesti 
kattava aineisto sadannan hapen ja vedyn isotooppisuhteista sekä tritiumin 
pitoisuuksista Olkiluodossa. Tutkimuksessa tarkasteltiin myös paikallisen sadannan 
isotooppikoostumuksen suhdetta muodostuvan pohjaveden vastaavaan. Seurantajakso 
alkoi tammikuussa 2005 ja päättyi joulukuussa 2012. Kuukausittaisia sadantanäytteitä 
kerättiin 85 ja pohjavesinäytteitä 68 kappaletta. Näistä analysoitiin hapen ja vedyn 
isotooppikoostumus, sekä tritiumpitoisuus. Olkiluodon sadannan ja pohjaveden 
kahdeksan vuoden isotooppikeskiarvot δ18O ovat -11.59‰ ja -11.27‰, δ2H -82.3‰ ja  
-80.3‰ ja tritiumille 9.8 TU ja 9.1 TU, vastaavasti. Sadeveden isotooppiarvo on 
painotettu kuukausittaisilla sademäärillä. Sadannan ja pohjaveden isotooppikoostumus 
vastaa käytännössä toisiaan. Olkiluodon alueelle luotiin lokaali meteoristen vesien suora 
(LMWL), mikä perustuu seurannassa kerättyyn sadannan isotooppidataan. 
Regressioanalyysillä johdettiin suora, joka saa muodon: δ2H= 7.45* δ18O + 3.82. 
Seurannassa kootuissa isotooppiaikasarjoissa havaitaan muutos ajan suhteen. Hapen ja 
vedyn koostumuksissa nähtävä kasvava trendi voi viitata muutokseen ilmasto-
olosuhteissa, kun taas tritiumissa havaittava lasku on seurausta pohjoisella pallon 
puoliskolla edelleen jatkuvasta ilmakehän 3H pitoisuuden laskusta. Tritiumin trendien 
systemaattinen käyttäytyminen viittaa siihen, että mahdollista ydinvoimalaperäistä 
tritiumia ei mittausaineistossa ole havaittu. Olkiluodon kesäsadannasta määritettyjen d-
excess arvojen perusteella havaittiin, että Itämerestä haihtuvan veden osuus Olkiluodon 
sadannassa voi olla merkittävä. Tutkimuksessa laskettiin alustavia arvioita Itämerestä 
kierrätetyn veden osuudelle Olkiluodon sadannassa. 
 
Avainsanat: sadanta; pohjavesi; isotoopit; 18O; deuterium; tritium; Olkiluoto; Suomi. 
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ISOTOPE NOTATIONS AND EXPRESSIONS 
 
The isotopic composition of the stable nuclides of oxygen and hydrogen is measured as 
isotope ratios. The isotope ratios are reported using the δ notation as a per-mil (‰) 
difference relative to the international VSMOW (Vienna Standard Mean Ocean Water) 
standard for oxygen and hydrogen. The δ value is defined as 
 

  10001/  stdsa RR , 

 
where R is the 18O /16O or 2H/1H ratio of the sample (sa) or standard (std) and δ is δ18O 
or δ2H. 
 
The radioactive isotope of hydrogen, tritium (3H), has a half-life of 12.32 years (Lucas 
& Unterweger 2000). Tritium concentrations or activities are expressed as tritium units 
(TU), where the 3H activity of 1 TU denotes 0.118 Bq/kg of water in the SI system. 
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1 INTRODUCTION 
 
The isotopic composition of oxygen and hydrogen in local atmospheric precipitation 
forms the primary background data in explaining the sources, retention times and 
circulation of groundwater as well as the water – mineral interactions. It also renders 
principal information for assessing the significance of the changing climate in the 
perspective of the Olkiluoto Repository. This study was initiated in order to provide 
systematic monthly and annual records of the isotope content of atmospheric 
precipitation in the Olkiluoto area and to establish the relation between local rainfall and 
shallow groundwater. The contribution of the Baltic Sea as an additional moisture 
source for precipitation was also considered in the second part of the study in 2009 - 
2012. The isotope result of monitoring in 2005 – 2008 was reported in Kortelainen 
(2009). This report combines the entire data set since the beginning of 2005. The 
contact person for the study at Posiva Oy was Anne Lehtinen (Mia Ylä-Mella 2005 - 
2010). The corresponding author (Nina Hendriksson, GTK) is responsible for 
collecting, analysing, interpreting and reporting the data. Cooperation with Prof. Juha 
Karhu and MS Paula Niinikoski, both from the University of Helsinki, was utilised in 
the modelling of water circulation from the Baltic Sea. 
 
1.1 Isotope hydrological background 
 
Most of the atmospheric water vapour is formed over the subtropical oceans (Craig & 
Gordon 1965), from where the air masses are transported polewards with gradual 
rainout. The condensation of water in clouds occurs as a consequence of decreasing 
temperature, and is an equilibrium process (humidity of 100%). The rainout process 
preferentially removes the heavier isotopes of oxygen (18O) and hydrogen (2H) from the 
air mass (Craig & Gordon 1965). The rainout of an air mass may be modelled as a 
Rayleigh process, where the equilibrium condensate is immediately removed from the 
vapour after formation (Dansgaard 1964). Rainout leads to a gradual decrease in the 
δ18O and δ2H values in atmospheric vapour and precipitation as the air mass moves 
towards the higher latitudes. This so-called latitude effect is seen as a clear spatial 
isotope pattern in Finnish precipitation and recent groundwaters (Kortelainen 2007). In 
the mid and high latitudes of the northern hemisphere the δ18O and δ2H values of 
precipitation vary by season. The seasonal variations are related to temperature, which 
causes a great depletion of δ18O and δ2H in precipitation during the cold winter months. 
In Finland, the temperature effect increases when moving from the southern coast 
towards the north and also to inland (Kortelainen 2007). This isotopic variation provides 
a tool for estimating the seasonal timing of groundwater recharge. Long-term trends in 
the isotopic composition of precipitation and the mean annual surface temperature, on 
the other hand, are probably the most relevant parameters for paleoclimatic applications 
and climatic predictions. 
 
Globally, a linear correlation was observed between the δ18O and δ2H values detected in 
fresh water samples and the global meteoric water line (GMWL) established by Craig in 
1961. The GMWL is defined by the equation:

2H = 8 δ18O + 10‰ VSMOW       (1) 
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The global line is actually a mixture of numerous local meteoric water lines, as any 
given locality will have a characteristic local meteoric water line (LMWL) with a 
somewhat different slope and intercept. A local line can reflect the origin of the water 
vapour and subsequent modifications by secondary processes of re-evaporation and 
mixing (Clark & Fritz 1997). The Finnish LMWL based on the spatial isotope data of 
precipitation was defined by Kortelainen in 2007. The local line established for the 
Olkiluoto area in Kortelainen (2009) is defined as: 
 
2H = 7.29 δ18O + 2.01‰        (2) 
 
The deuterium excess parameter (d-excess or d-value) has been used to characterise the 
meteoric conditions prevailing in the initial moisture source (Merlivat & Jouzel 1979) 
and it is defined by 
 
d (‰) = 2H - 8 18O (Dansgaard 1964)      (3) 
 
The GMWL has a d-excess value of 10‰, which is the average value for global 
precipitation and derived waters formed from the vapour that was evaporated in the 
global average humidity of 85% over oceans (Merlivat & Jouzel 1979; Gonfiantini 
1986). In relation to the GMWL, evaporated surface waters generally record d-values 
way below 10‰ and are placed below the line. Instead, the precipitation containing 
circulated surface water may record higher (>10‰) d-excess values placed above the 
GMWL. Due to the Rayleigh process in gradual rainout, the δ18O and δ2H values move 
down along the meteoric line by every rain event. In the same time, the initial d-excess 
value is closely attained. Evapotranspiration is a significant process that circulates water 
between continental areas and atmosphere, but it does not cause partitioning of isotopes 
in water and has no effect on the d-excess either (Clark & Fritz 1997). On the other 
hand, the d-excess may be affected by secondary processes such as evaporation and 
freezing effects during rain events (Dansgaard 1964; Jouzel & Merlivat 1984; Rozanski 
1984). The d-excess method has also been used for evaluating the recirculation of 
moisture from the large continental water bodies (Gat et al. 1994; Machavaram & 
Krishnamurthy 1995; Froehlich et al. 2002). The method is based on the observation 
that in the areas with large evaporated water bodies, such as the Great Lakes in Canada, 
the d-excess of precipitation before and after the water body records a notable increase 
in the d-value (Machavaram & Krishnamurthy 1995; Bowen et al. 2012). The effect is 
especially recorded during summer time as a significant amount of surface water is 
evaporated and added into the vapour mass crossing the area. Rain out of this “mixed” 
moisture leads to the displacement of the initial d-excess values inherited from the 
oceanic moisture source area. The difference in d-values can be used as a factor for 
evaluating the amount of circulated water in precipitation. Significant evaporation may 
also take place during the open-water period in winter. However, due to the decreasing 
temperature along with increasing humidity, the isotopic fractionation decreases and the 
efficiency of the d-excess method will be lost. 
 
Tritium is produced in the atmosphere and enters the hydrological circulation in 
atmospheric precipitation. The concentration of 3H in meteoric waters varies according 
to the latitude and is dependent on the seasonal variations of injected 3H from the 
stratosphere to the troposphere (Eriksson 1965; Gat et al. 2001). The re-evaporation of 
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moisture from the continents also provides an additional source of 3H to the atmosphere 
during the summer time (Ehhalt, 1971). As a result of these two factors, seasonal 
variation with high summer and low winter 3H activities is recorded on the continental 
areas. In addition to the natural production of tritium, the thermonuclear bomb tests 
between 1951 and 1963 led to the release of anthropogenic 3H into the atmosphere. 
Tritium levels have thereafter decreased to close to the natural level of approximately 5 
- 10 TU (Rozanski et al 1991; Meijer et al. 1995; Gat et al. 2001). The activity level of 
tritium in moisture is higher on the continents compared to that determined on the 
oceans. For Olkiluoto precipitation and shallow groundwater, tritium contents of 10.2 
TU and 9.9 TU were recorded in the 2005 – 2008 monitoring, respectively (Kortelainen 
2009). It is essential to resolve the natural level and the seasonal behaviour of tritium in 
local precipitation in order to evaluate the potential inputs from secondary sources, such 
as the nuclear power plant. The seasonal variation of tritium may also serve as a tracer 
for biases in groundwater recharge (Gat et al. 2001). 
 
Groundwater is formed from local atmospheric precipitation. Due to evapotranspiration 
and runoff, however, only a minor proportion of rainfall actually replenishes the 
groundwater reservoirs. In temperate climates, such as in Finland, the isotopic 
composition of the local mean annual precipitation closely follows that of local 
groundwater (Kortelainen & Karhu 2004; Kortelainen 2007; Kortelainen 2009). In 
groundwaters most of the seasonal isotopic variation in rainfall is smoothed out during 
the infiltration process. The weighted mean annual δ18O, δ2H and 3H contents in 
atmospheric precipitation are key values as concerns the groundwater recharge. They 
refer to the annual or perennial isotope signal of the cumulative rainfall that reaches the 
earth’s surface at a particular location. 
 
1.2 Aims of the study 
 
The primary objective of this study was to generate the basic isotopic parameters based 
on the stable isotopes of oxygen and hydrogen and the activity of tritium in local 
precipitation to be used as background values in hydrogeological studies in the 
Olkiluoto area. This comprises the determination of the long-term (8-year) weighted 
mean annual isotopic composition of precipitation and the Olkiluoto local meteoric 
water line (LMWL). The isotope data of precipitation and shallow groundwater were 
considered with respect to groundwater recharge and inter-annual trends. The 
significance of the Baltic Sea as a secondary moisture source for precipitation was also 
evaluated in the study. 
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2 MATERIALS AND METHODS 
 
2.1 Samples 
 
The isotope monitoring of precipitation and adjacent shallow groundwater started at the 
beginning of 2005. Figure 1 presents the locations of the monitoring points, such as the 
precipitation sampler, the shallow groundwater observation tubes (OL-PVP4A and OL-
PVP14) and the Olkiluoto weather mast (OL-WOM1). Cumulative precipitation was 
collected at one location on a monthly basis. During the monitoring period of eight 
years, two longer breaks occurred in precipitation sampling; five months at the 
beginning of 2007 and four months between October 2010 and January 2011 (Appendix 
1). Single months with missing samples included March 2005 and January 2009. In 
total, sampling was carried out in 85 months out of the 96 months during the 8 years. 
Precipitation samples for tritium measurements were received in 82 months. The 
principal reason for the lack of tritium samples was a too low amount of monthly 
precipitation to conduct a tritium analysis. Groundwater samples were collected 
seasonally from shallow groundwater observation tubes, generally 4 - 6 times a year. In 
total, 68 groundwater samples were taken. The time period between 2009 – 2010 was an 
exception, with a total of only 3 sampling occasions (6 samples). 
 

 
Figure 1. Locations of weather mast, and precipitation and shallow groundwater 
monitoring sites (OL-PVP4A, OL-PVP14) in Olkiluoto. 
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2.2 Sampling procedures 
 
The precipitation sampler was placed in an open undisturbed location (Fig. 1). The 
sampling period for the monthly precipitation was from the beginning to the end of the 
month. Rainwater was collected in a 2-litre separatory Teflon® funnel until the end of 
2011. As of early 2012, a 5-litre HDPE plastic barrel was used. To prevent evaporation, 
a layer of paraffin oil was added to the funnel (IAEA/WMO 2013). The sampler was 
covered with an aluminium foil. Snow was collected in a thick-walled plastic cylinder 
sealed at one end. A plastic bag inside the cylinder was replaced after every snow event. 
Paraffin oil was added to the plastic bag during thawing. Despite the addition of oil, the 
plastic bag was replaced at least once a week. At the end of the month, the sub-samples 
were combined. Monthly precipitation in mm was calculated from the total volume of 
the collected precipitation. 
 
The shallow groundwater observation tubes were sampled using a frequency-controlled 
submersible electric pump. The wells were prior to sampling pumped for 20 minutes or 
more in order to replace the water volume in the well several times. 
 
Posiva Oy was responsible for the sampling of the monthly precipitation and shallow 
groundwater and for delivering the samples for analyses to GTK. 
 
2.3 Isotope analysis 
 
Water samples for isotope analyses of 18O and 2H were collected in 50 ml and 3H in 50 
– 1000 ml HDPE bottles. The samples were stored in a dark and cold place and special 
care was taken to prevent secondary evaporation. For the analysis of 18O and 2H, two 
analytical methods were applied during the monitoring period of 2005 - 2012. 
 
The water samples collected in 2005 – 2011 were analysed by traditional isotope ratio 
mass spectrometry (IRMS). For the analysis of 18O and 2H, the water samples were 
equilibrated with CO2 gas and the isotopic composition of CO2 was analysed (Epstein & 
Mayeda 1953). The isotopic composition of hydrogen was analysed after reduction of 
water to H2 gas using zinc metal (Coleman et al. 1982). The zinc reagent was prepared 
from pure metal by adding Na as an impurity (Karhu 1997). The isotopic ratios of the 
CO2 and H2 produced were measured by a Finnigan MAT 251 gas source mass 
spectrometer at GTK.  
 
The samples taken in 2011 - 2012 were filtered (< 0.45 µm) and analysed by the Picarro 
isotope water analyser, which is laser-based cavity ring-down spectrometry (CRDS). In the 
CRDS method, the absolute abundances of isotopologues, i.e. water molecules with 
different combinations of 1H, 2H, 16O and 18O, are measured from a vaporised sample in an 
optic chamber. To test the correspondence of the two methods, some of the older samples 
from 2008 were re-analysed using CRDS. The results were the same within error limits. 
 
18O and 2H values are given normalised to the values -55.5‰ and -428‰, respectively, 
for SLAP (Standard Light Antarctic Precipitation) relative to VSMOW (Coplen 1994). 
The analytical repeatability (1 σ) is estimated to be < 0.1 ‰ for δ18O in both methods and 
≤ 1.0 ‰ and < 0.5 ‰ for δ2H for the IRMS and CRDS methods, respectively. 
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During the study, the tritium content of the water samples was analysed in three places: 
2005 at STUK – the Radiation and Nuclear Safety Authority, Finland; 2006 – 2010 at 
CIO, the University of Groningen, Netherlands; 2011 – 2012 at Hydroisotop GmbH, 
Germany. Tritium was determined by fluid scintillation spectrometry LSC after 
electrolytic enrichment. The precipitation samples taken between February and October 
2011 (OLKISA1102 – OLKISA1110) made an exception; they were measured directly 
with no enrichment as a quadruple measurement (Appendix 1). The reason for this was 
the too small amount of the water sample. All tritium results were half-life corrected to 
the data of sampling. The analytical uncertainty is given in Appendix 1. The detection 
limit and the analytical uncertainty reported by STUK can be found in Kortelainen 
(2009). 
 
2.4 Global Network of Isotopes in Precipitation (GNIP) isotope data 
 
In order to consider the Olkiluoto precipitation data against the composition of air 
masses entering the Baltic Sea area, some isotopic data on stable oxygen and hydrogen 
as well as tritium were collected from the global GNIP database (Schotterer et al. 1996; 
IAEA/WMO 2009). The GNIP database is maintained by the International Atomic 
Energy Agency (IAEA) in co-operation with the World Meteorological Organization 
(WMO). GNIP isotope records from Espoo, Finland (60°10'N; 024°49'E); Rovaniemi, 
Finland (66°29'N; 025°45'E) Reykjavik, Iceland (64°07'N; 021°55'W) and Valentia, 
Ireland (51°55'N; 010°15'W) were used (IAEA/WMO 2009). The datasets used from 
these stations included: Espoo 2000 – 2012 (GNIP 2004 – 2009; 3H); Rovaniemi 2004 – 
2009; Iceland 1961 – 2009; Ireland 1960 – 2009. The isotope data of the GNIP stations 
are shown in this report only in graphs. Oxygen and hydrogen data from the Espoo 
station over a longer period are used, as the main author “owns” the data. 
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3 RESULTS 
 
The isotopic composition of stable oxygen and hydrogen was analysed in 85 
precipitation samples and 68 (34 + 34) shallow groundwater samples. 82 precipitation 
samples and 68 groundwater samples were studied in respect of their tritium content; 
however, tritium measurements were only received from 79 and 65 samples, 
respectively. The 18O, 2H, calculated d-excess (Equation 3) and 3H values of monthly 
precipitation and groundwater and the amount of precipitation recorded in isotope 
precipitation monitoring are presented in Appendices 1 and 2. Appendix 1 also shows 
the respective monthly mean meteorological data including amount of precipitation, 
temperature and humidity measured at the Olkiluoto weather station (OL-WOM1). 
 
Various mean isotope values have been calculated from the original precipitation and 
groundwater data: 1) the weighted and non-weighted monthly mean of precipitation; 2) 
the long-term annual mean of precipitation (weighted and non-weighted) and 
groundwater; 3) the long-term seasonal mean of precipitation (weighted) and 
groundwater; 4) the annual means of precipitation (weighted) and groundwater. Instead 
of giving all these derived values in tabular form, some are presented either as text or as 
graphs. For calculating the long-term seasonal means for precipitation and groundwater, 
the year was divided into the following periods: winter (Jan – Mar); spring (Apr – 
May); summer (Jun – Aug); autumn (Sep – Dec). The division is based on groundwater 
recharge periods. In order to be able to calculate the weighted annual means of 
precipitation for each year 2005 – 2012, some approximations had to be made due to 
months missing from the dataset. Data missing for a certain month were supplemented 
with the long-term non-weighted isotope value from Table 1 and weighted by the real 
amount of precipitation (OL-WOM1) during the month in question (Appendix 1). This 
should give a good approximation, especially for the months with a low amount of 
precipitation. In the calculation of monthly and seasonal averages, only existing values 
were used. Some of the treatment of statistical data has been illustrated in Figure 2. The 
difference between weighted and non-weighted monthly data is almost insignificant 
(Figure 2A). Annual variations in both the monthly  values and the monthly amount of 
precipitation are shown in Figures 2B and 2D. The comparison of the mean amount of 
precipitation collected monthly in the isotope project and at the OL-WOM1 station 
reveals a good consensus (Figure 2C). One of the most essential factors in a reliable 
isotope study of atmospheric precipitation is that the whole monthly rainfall is collected. 
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Table 1. Weighted and non-weighted eight-year monthly and annual mean δ2H, δ18O,  
d-excess and 3H in Olkiluoto precipitation. 

Month

ref 
$

ref 
$

Weighted Weighted Weighted Weighted

Aver Aver StdDev 
§

n
 #

Aver Aver StdDev n
 #

Aver Aver Aver StdDev n
 #

Jan 48.9 (39) -3.3 (-3.0) -13.79 -14.50 2.21 5 -99.2 -103.7 14.0 5 11.1 12.4 9.8 9.9 2.8 5

Feb 26.5 (33) -5.0 (-4.6) -13.98 -14.24 2.44 7 -102.3 -104.2 19.1 7 9.6 9.8 8.6 8.5 1.1 7

Mar 23.5 (27) -1.5 (-1.2) -12.98 -12.93 1.61 6 -94.8 -93.0 13.3 6 9.0 10.5 8.3 8.1 2.6 5

Apr 33.7 (28) 3.9 (3.9) -12.30 -11.42 1.69 7 -88.9 -82.9 11.8 7 9.5 8.4 11.0 11.1 2.7 6

May 53.3 (28) 9.4 (8.9) -9.95 -9.77 2.02 7 -69.9 -68.3 14.4 7 9.7 9.9 13.1 13.2 2.0 6

Jun 43.2 (53) 13.8 (13.6) -10.27 -10.15 0.99 8 -73.6 -72.8 8.6 8 8.5 8.4 13.1 13.6 1.0 8

Jul 56.4 (61) 17.9 (17.4) -8.89 -8.55 2.09 8 -62.9 -60.5 16.2 8 8.2 7.9 13.4 13.5 3.0 8

Aug 84.9 (64) 16.8 (16.5) -10.67 -10.77 1.93 8 -75.0 -75.8 16.0 8 10.3 10.4 11.2 12.3 2.7 8

Sep 70.8 (60) 12.3 (11.9) -10.16 -10.14 1.61 8 -70.6 -70.4 12.8 8 10.7 10.7 8.2 8.7 2.2 8

Oct 97.1 (70) 7.5 (6.9) -12.50 -12.39 1.26 7 -88.0 -87.0 9.4 7 12.0 12.1 7.9 7.8 0.7 6

Nov 67.9 (46) 3.6 (1.9) -12.81 -12.68 1.46 7 -90.9 -90.1 10.3 7 11.6 11.4 7.6 7.5 0.9 6
Dec 67.2 (58) -0.3 (-1.6) -12.74 -13.23 1.75 7 -91.0 -94.1 12.2 7 10.9 11.7 7.6 7.9 1.1 6

Sum 
&

673.3 85 85 79
Mean 

£
6.2 -11.59 -11.73 -82.30 -83.6 10.4 10.3 9.8 10.2

Min 23.5 -5.0 -13.98 -14.50 -102.30 -104.2 8.2 7.9 7.6 7.5
Max 97.1 17.9 -8.89 -8.55 -62.90 -60.5 12.0 12.4 13.4 13.6

max-min 73.6 22.9 5.09 5.95 39.40 43.7 3.8 4.5 5.8 6.1

$)
 Mean monthly temperature and precipitation at Olkiluoto station WOM1 in 1993-2012 (Haapanen 2012)

§)
 1σ standard deviation

#)
 Number of months available in weighting the isotope data

&)
 Long term mean annual precipitation; Total months isotope data available 

£)
 Long term annual means.

Prec, mm Temp, °C

Non-weighted Non-weighted Non-weighted

δ
18

O ‰ vs. VSMOW δ
2
H ‰ vs. VSMOW d-excess, ‰ Tritium, TU

Non-
weighted 

Aver
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Figure 2. a) Weighted and non-weighted monthly mean δ18O values of precipitation in 
Olkiluoto during 2005-2012. b) Non-weighted monthly mean δ18O values with standard 
deviation (±1σ). c) Comparison of monthly mean amount of precipitation collected in 
isotope monitoring and at OL-WOM1. d) Monthly mean amount of precipitation with 
standard deviation (±1σ) collected in isotope monitoring. 
 
3.1 Precipitation 
 
Long-term weighted and non-weighted monthly and annual isotope records with 
standard deviations (1σ) for the non-weighted data, and the number of weighting 
months, the minima, the maxima and their difference (max-min) are summarised in 
Table 1. The weighted values are generally used when considering precipitation in 
connection with groundwater recharge. The averages of monthly temperatures and the 
amount of precipitation are also included in Table 1. For comparison, long-term (1993-
2012) mean monthly temperatures and precipitation sums at the OL-WOM1 station are 
also presented (Haapanen 2012). Based on the eight-year monitoring of precipitation, 
the weighted long-term annual mean 18O is -11.59‰, 2H is -82.3‰ and the 3H 
content is 9.8 TU (Table 1). The mean d-excess value of weighted precipitation is 
10.4‰. Notable seasonal variations are recorded in the isotopic composition of 
atmospheric precipitation in the Olkiluoto area. Figure 3 presents the time series of 
δ18O, δ2H, d-excess and 3H in cumulative monthly precipitation along with the meteoric 
records. A weak increasing trend is observed for stable oxygen and hydrogen (Figure 
3B), and thereby a weak decrease in d-values (Figure 3C). A clear decrease is observed 
in the 3H activities during the monitoring period. Figure 4 illustrates the isotope 
characteristics of Olkiluoto precipitation based on the weighted data of Table 1. 
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Figure 3. Time series of monthly a) mean temperature (with trend line) and amount of 
precipitation (mm), b) δ18O and δ2H c) deuterium excess and d) 3H values in the 
monthly precipitation of Olkiluoto. The trend lines are also shown. 
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Figure 4. Monthly weighted mean a) δ18O, δ2H, b) d-excess and c) 3H values of 
precipitation, d) the mean amount of precipitation and the mean monthly temperature 
and humidity in Olkiluoto during 2005-2012. 
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Typical for the isotopic composition of stable oxygen and hydrogen as well as for the 3H 
activity in Olkiluoto precipitation is the seasonal behaviour in relation to the mean 
monthly temperatures with summer highs and winter lows (Figures 3 and 4). Both 
monthly and long-term monthly values record the highest  values during the warm 
summer months and the lowest in winter. For the d-excess values, the pattern is opposite 
(Figure 4B). Figure 5 demonstrates the same temporal correlation between the mean 
temperature and the 18O or 2H of precipitation in each observation month. The slope of 
the temporal relationship is 0.22‰ / °C for oxygen and 1.62‰ / °C for hydrogen.  

 

 
 
Figure 5. Covariation of the monthly δ18O (red) and δ2H (blue) values of precipitation 
and the monthly mean surface temperature. The temporal isotope-temperature relation 
equations for δ18O and δ2H are given in the graph. 
 
This provides a rough generalisation of the change in the monthly isotopic composition 
of oxygen and hydrogen in precipitation in relation to monthly mean temperatures. 
 
3.2 Local meteoric water line 
 
The isotopic composition of oxygen and hydrogen in monthly precipitation samples was 
used as initial data to determine the local meteoric water line (LMWL) for the Olkiluoto 
area. An ordinary linear regression analysis was conducted on 85 precipitation samples 
and the results and the regression parameters are listed in Table 2. The regression for all 
precipitation data yielded a slope (a) of 7.45 and a y-intercept (b) of 3.82. The result is 
very close to the regression model defined for precipitation at the Espoo station where 
the slope and the intercept are 7.56 and 4.71, respectively (Kortelainen 2007). The 
regression model gives an excellent fit to the Olkiluoto data with the squared multiple 
correlation coefficient (R2) of 0.98 approaching 1 (perfect fit) and a high significance of 
the slope (p-value of 0.000) recorded. In Table 2, the standard error (SE) and the 98% 
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confidence intervals for the defined slope and y-intercept are also given. The LMWL 
established for the Olkiluoto area is defined as: 
 
2H = 7.45 δ18O + 3.82‰        (4) 
 
In Figure 6, the spread of the δ18O and 2H values in monthly precipitation is presented 
against the developed LMWL. The 98% confidence limits (dashed lines) of the data are 
illustrated with the LMWL. The GMWL (Equation 1) is also shown for comparison. 
The local line is recommended to be used whenever any isotopic data on oxygen and 
hydrogen from Olkiluoto waters are reviewed. 
 
Table 2. Linear regression results for precipitation samples from Olkiluoto. 

Regression Linear regression parameters for δ
2
H = a δ

18
O + b

model Unstandardized Std. Error 95% Confidence Interval Significance Correlation 

Coefficients SE Lower bound Upper bound p-value coefficient, R
2

Slope, a 7.448 0.128 7.194 7.702 0.000 0.976

Y-intercept, b 3.820 1.511 0.815 6.825 0.013
  

 

 
Figure 6. Monthly δ18O and 2H values of precipitation. The local meteoric water line 
(LMWL) defined by precipitation data is illustrated with a thick blue line. The 98% 
confidence limits (blue dashed lines) of the data are illustrated with LMWL. The GMWL 
(gray dotted line) is also shown for comparison. 
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3.3 Groundwater 
 
The mean 18O, 2H and 3H values (±1σ) of groundwater monitored in Olkiluoto are 
-11.27 ±1.0 ‰, -80.3±0.10 ‰ and 9.1±1 TU, respectively. The d-excess for 
groundwater is 9.8‰. The 8-year mean 18O and 2H values on separate groundwater 
sites (OL-PVP4A, OL-PVP14) are given in Figure 7. The time series of the 
groundwater isotope data on both monitoring sites are illustrated in Figures 7A and 7B. 
Seasonal variation in the isotopic composition of oxygen and hydrogen is minor in the 
shallow groundwater studied. The seasonal presentation reveals a faint shift down with 
greater variation in the 18O (±1σ) values in the spring time (Figure 7C). The 2H 
patterns are generally convergent with 18O and thereby are not always shown in the 
graphs. A significant decrease in tritium during the monitoring period is observed 
(Figure 7B). 
 
 

 

Figure 7. Time series of shallow groundwater a) δ18O and b) 3H data on separate 
monitoring sites. c) Seasonal variation in the isotopic composition of oxygen in 
groundwater with standard deviation (±1σ). Mean δ18O and 2H (±1σ) values for the 
separate groundwater monitoring sites are given in the numerical table. 
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Table 3. The weighted annual mean isotope values of oxygen, hydrogen, d-excess and 
tritium for precipitation and groundwater. The mean annual surface temperature and 
the precipitation sum are also given. 

Precipitation Groundwater

Year Prec Temp δ
2
H δ

18
O d-excess

3
H δ

2
H δ

18
O d-excess

3
H

mm °C ‰ vs. VSMOW ‰ TU ‰ vs. VSMOW ‰ TU

2005 641.3 6.2 -11.7 -82.98 10.4 11.7 -81.2 -11.30 9.2 10.6

2006 628.1 6.7 -12.4 -89.43 9.9 9.0 -80.0 -11.33 10.6 9.7

2007 652.3 6.6 -12.1 -85.52 11.1 10.5 -80.1 -11.32 10.5 9.6

2008 712.7 7.1 -12.0 -85.62 10.4 10.2 -80.0 -11.26 10.1 9.5

2009 469.0 5.1 -11.3 -78.52 11.8 9.6 -80.4 -11.22 9.4 9.0

2010 597.1 4.2 -11.3 -78.89 11.1 11.2 -80.3 -11.07 8.3 8.7

2011 743.3 6.8 -10.2 -72.44 9.0 9.4 -80.3 -11.20 9.3 8.1

2012 787.4 5.4 -11.7 -83.35 10.2 9.2 -80.3 -11.25 9.7 7.9  
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4 DISCUSSION 
 
The isotopic ratios of stable oxygen and hydrogen and the tritium activities in 
atmospheric precipitation and shallow groundwater were determined during the period 
2005 – 2012 in the Olkiluoto area. The coastal location of the Olkiluoto area is reflected 
in precipitation as decreased seasonal variation in isotopes. The proximity of the Baltic 
Sea attenuates local surface temperatures and plays a role as a secondary vapour source. 
The long-term monitoring isotope data complement the information essential to local 
hydrogeological studies, but also open views to ongoing global trends related to the 
changing climate. In the following, isotope trends are discussed in relation to 
precipitation and recharged shallow groundwater. Secondly, the contribution of re-
cycled Baltic Sea water to Olkiluoto precipitation is evaluated. 
 
4.1 Isotope trends and comparison of precipitation and groundwater 
 
The mean 18O and 2H values of Olkiluoto groundwater plot directly on the Olkiluoto 
LMWL derived from local precipitation (Figure 8). The comparison of the monthly 
18O and 2H values of precipitation, the weighted eight-year monthly δ values and the 
long-term mean  values of precipitation and shallow groundwater are shown in Figure 
8. The data are shown with reference to Olkiluoto LMWL (Equation 4; Figure 6). The 
isotope ratios determined in Olkiluoto are typical for the groundwaters of this area in 
Finland (Kortelainen & Karhu 2004). In temperate climates, the isotopic composition of 
groundwater is generally close to that of the mean annual precipitation at a particular 
location (e.g. Rozanski 1984, 1985; Darling 2004; Kortelainen & Karhu 2004; 
Kortelainen 2007; Kortelainen 2009). The Olkiluoto eight-year mean 18O, 2H and 3H 
values of groundwater and precipitation (weighted) are -11.27/-11.59‰, -80.3/-82.3‰ 
and 9.1/9.8 TU, respectively. The difference of 0.32‰ for oxygen and 2‰ for hydrogen 
between shallow groundwater and rainfall is practically insignificant i.e. based on these 
data, the mean stable isotope ratios of shallow groundwater represent the long-term 
mean annual isotopic composition of local precipitation. Since the previous report by 
Kortelainen (2009), changes of +0.56‰ and +4.5‰ were recorded in the long-term 
mean 18O and 2H of precipitation, respectively. The long-term mean -values 
calculated for groundwater have not changed during the eight-year monitoring period. 
 
In long-term hydrogeological studies, the effectiveness of water isotope methods is 
based on the linkage to the global meteorological regimes. Atmospheric moisture 
inherits the water isotopic composition attributed to vapour in the source ocean area. 
This is closely related to the mean annual temperature, humidity and wind conditions in 
the source area (Craig & Gordon 1965). Changes in global climate and especially the 
mean surface temperature are thereby recorded in the isotope data of precipitation 
(Schotterer et al. 2006). Even though the local effects e.g. water circulation more or less 
affect the isotopic composition of rainfall, these “isotopic noise” effects do not entirely 
eliminate the signal received from the original moisture source. Figure 9 presents the 
annual δ values of oxygen and hydrogen in Olkiluoto precipitation and shallow 
groundwater. The isotope time series of Olkiluoto precipitation data reveal a weak 
increasing trend for the monthly δ18O and δ2H values (Figure 2). The same trend is 
clearly observed also when studying the weighted mean annual δ values of precipitation 
(Figure 9; Table 3). A weak increase is observed in annual groundwater data as well, 
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which signifies the observation. In temperature, the inter-annual trend is slightly 
negative. The isotope trend may be related to the climatic changes taking place locally 
and in the source area of the water vapour. Long-term regional studies comprising 
isotope data over the last 40 years have shown a gentle positive trend in both the δ18O of 
precipitation and the mean temperatures, with the δ18O / temperature relation varying 
between 0.4 and 0.6‰ per °C (Schotterer et al. 2006). In this perspective, the Olkiluoto 
isotope monitoring period is fairly short, but it may still give us a view of trends related 
to the changing climate globally. 
 
 
 

 
 

Figure 8. Comparison of monthly δ18O and δ2H values of precipitation to weighted 
eight-year monthly and annual δ values. The mean δ18O and δ2H values of groundwater 
monitored in this study (yellow) are also presented. The data are shown with reference 
to Olkiluoto LMWL. 
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Figure 9. a) Weighted mean annual isotope values of oxygen and hydrogen in 
precipitation. b) Mean annual δ18O for groundwater. c) Mean annual surface 
temperature in Olkiluoto (OL-WOM1).  
 
Tritium activity in the Olkiluoto waters has evolved gradually during the whole 
monitoring period of eight years with no signs of levelling out. Compared with the 
values reported 5 years ago (Kortelainen 2009), negative changes of 0.4 TU and 0.8 TU 
were observed in the long-term mean values of precipitation and shallow groundwater, 
respectively. The decrease pattern is especially distinct for groundwater. The gradual 
decline of the annual mean 3H content in groundwater is illustrated in Figure 10A in 
comparison with the respective values for precipitation. The slope of -0.36 TU / year for 
shallow groundwater could even be applied to short-term dating of infiltrated surficial 
waters. During the last decades, tritium levels have gradually decreased in precipitation 
and generally returned close to the pre-bomb values of about 5 TU in most parts of the 
world (Rozanski et al. 1991). The systematic decline observed in Olkiluoto data is most 
probably attributed to the still continuing decrease in atmospheric 3H activity. A similar 
pattern is also reported from two other Finnish GNIP stations. Figure 10B presents the 
weighted mean annual isotope values of tritium in precipitation in Olkiluoto, Espoo and 
Rovaniemi. 
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Figure 10. a) Weighted mean annual isotope values of tritium in precipitation and 
groundwater. Trend lines with regression equation are shown. b) Weighted mean 
annual isotope values of tritium in precipitation in Olkiluoto, Espoo and Rovaniemi. c) 
Comparison of mean seasonal 3H values (±1σ) of precipitation (weighted) and 
groundwater. 
 
As concerns the spring - summer highs and autumn - winter lows in tritium activity 
(Figures 3D and 4C), natural reasons explain these seasonal patterns. High tritium 
concentrations during spring and summer are related to the excess injection of 3H from 
the stratosphere to the troposphere during the early spring, whereas the re-evaporation 
in continental areas adds secondary 3H to the atmospheric vapour during the summer 
(Ehhalt, 1971; Gat et al. 2001). The inter-annual tritium values determined in Olkiluoto 
groundwater are low compared to the respective contents in precipitation (Figure 10A). 
This indicates that the significance of the high 3H spring - summer precipitation is less 
pronounced in groundwater recharge compared to the other seasons (Gat et al. 2001). 
The seasonal tritium activities illustrated in Figure 10C strongly suggest that summer 
precipitation especially never reaches the groundwater table, but re-evaporates instead. 
Another important technogenic tritium source to the atmospheric moisture are the 
nuclear facilities (Rozanski et al. 1991). In Olkiluoto, however, the systematic seasonal 
and long-term 3H trends presented above suggest that a potential ground-level tritium 
release from the Olkiluoto nuclear power station is insignificant. This is also supported 
by the similar tritium behaviour reported from the neighbouring stations in Finland 
(Figure 10B). 
 
4.2 Contribution of Baltic Sea to Olkiluoto precipitation 
 
Moist air is primarily transported to the Baltic Sea area and Finland from the Northern 
Atlantic, carried by the westerly winds. The vapour mass entering from the ocean area 
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onto the continent faces several processes that may affect the initial isotopic 
composition of the moisture and thereby the precipitated rain fall. D-excess is a key 
parameter used in the evaluation of the isotopic evolution of the vapour crossing 
continental areas with large water bodies, such as the Baltic Sea (Gat et al. 1994; 
Machavaram & Krishnamurthy 1995; Froehlich et al. 2002; Bowen et al. 2012). The 
method is based on the change recorded between the d-excess values of precipitation 
before and after the evaporated continental water reservoir. Increased d-values are 
detected after crossing the evaporated water body. The shift is attributed to mixing of 
the water vapour circulated from the inland water with the initial vapour entering from 
the ocean area. In addition to this, secondary processes such as evaporation and freezing 
effects during rain events may also potentially change the d-excess of the original 
vapour mass (Dansgaard 1964; Jouzel & Merlivat 1984; Rozanski 1984). In the 
Rayleigh process in gradual rain out, the δ18O and δ2H values of precipitation are 
evolved by the rain event down along the meteoric line. However, the initial d-excess 
value is not affected by this process. Evapotranspiration is a significant process that 
circulates water between continental areas and the atmosphere, but it does not 
fractionate isotopes in water and has no effect on the d-excess either (Clark & Fritz 
1997). 
 
Olkiluoto precipitation is characterised by fairly low mean seasonal isotopic variation 
compared to that of monitoring stations elsewhere in Finland (Kortelainen 2007). Even 
the adjacent GNIP station in Espoo, in southern Finland, records higher variation both 
in stable isotopes and in meteorological parameters. The long-term (2005- 2012) 
weighted monthly variation in Olkiluoto precipitation is 5.1‰ / 39‰ / 3.8‰ for 
oxygen, hydrogen and d-excess, respectively. At the closest Finnish GNIP station in 
Espoo, about 200 km SE of Olkiluoto, the respective values for 2000 – 2012 
precipitation data are 5.9‰ / 46‰ / 5.5‰ (Kortelainen 2007; + unpublished data). The 
mean amount of precipitation and the mean surface temperature also record a difference 
between these two stations. In Olkiluoto (2005 – 2012), the temperature difference was 
23 °C (22 °C in 1993 – 2012; Haapala 2012) and in Espoo, it was 24 °C (2000 – 2012; 
Kaisaniemi, Helsinki; Finnish Meteorological Institute, FMI). During these periods, the 
mean annual precipitation sum recorded was 717 mm in Espoo (FMI) and 673 mm in 
Olkiluoto (567 mm in 1993 – 2012; Haapala 2012). Figure 11 illustrates the circulation 
of the long-term mean monthly d-excess and δ18O values in precipitation in Olkiluoto 
and Espoo. The respective seasonal tracks area for the Northern Atlantic GNIP stations 
in Iceland and Ireland is presented for comparison. The isotopic composition of 
precipitation collected at these stations represents the initial composition of the water 
vapour entering the Baltic Sea area. A distinct feature can be easily detected from the 
presentation – the d-excess variation is clearly displaced at the Olkiluoto and Espoo 
continental stations from the ones recorded at the oceanic stations. More precisely, the 
low d-excess values recorded during the summer period of May – August at the oceanic 
stations are completely missing from the Finnish precipitation data. This is a distinct 
indication supporting the hypothesis that a notable amount of re-cycled Baltic Sea water 
contributes to precipitation on the Finnish southern coast. The horizontal shift seen 
between data from different precipitation stations is related to the gradual rain out by the 
latitudes as well as to the continental character of the stations (Figure 11). Seasonal 
variation in the δ18O values is generally more pronounced at the continental stations 
than at the coastal ones (Rozanski et al. 1993; Kortelainen 2007). 
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Figure 11. The circulation of the long-term mean monthly d-excess and δ18O values in 
precipitation in Olkiluoto, Espoo, Iceland and Ireland. The numbers indicate months in 
the seasonal cycles (Jan to Dec). 
 
An attempt was made to model the proportion of re-circulated water in Olkiluoto 
summer precipitation. However, due to the extremely generalised input parameters, the 
model is only indicative. More background and even analytical work should be carried 
out in order to approach the true estimates. The summer period is here defined to 
comprise the months between May and August, being roughly the period of the d-
excess summer minima for the stations in Olkiluoto, Iceland and Ireland (Figure 11). 
The assumption was made that the only process changing the d-excess in Olkiluoto 
precipitation is the mixing of the water vapour evaporated from the Baltic Sea i.e. the 
increase in d-excess is fully attributed to re-cycled water. Isotopic data from the two 
oceanic stations of Iceland and Ireland were used to generate an initial weighted d-value 
of 5.6‰ (dI) for the precipitation entering the area. A weighted d-excess of 7.4‰ (dO) 
was calculated for Olkiluoto summer precipitation. The d-value of the Baltic Sea 
surface water, east of the Danish Straits, ranges from -0.2 to 4.6 ‰, increasing towards 
north of the Atlantic Ocean (Fröhlich et al. 1988). In this model, a d-excess value of 
2.2‰ represents the Baltic Sea water. This water was sampled from Ajax (59°43’N, 
23°19’E), west of the Gulf of Finland, in August 2013. The d-excess (dBS; BS= Baltic Sea) 
for the vapour evaporated from the Baltic Sea was derived theoretically by evaporating 
the Baltic Sea water at three different humidities (75 / 80 / 85 %) and two different 
temperatures (10 / 15 °C). The mean humidity reported from the Finnish sea areas is 
close to 85% during the summer months (FMI). In order to calculate the isotopic 
composition of oxygen and hydrogen and thereby the d-excess (Equation 3) for the 
Baltic Sea vapour formed, both equilibrium and kinetic fractionation factors were 
calculated with each temperature and humidity combination (Clark & Fritz 1997 (→ 
orig. ref. Majoube 1971); Gonfiantini 1986). The resulting d-values for the vapour (dBS) 
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evaporated from the Baltic Sea are listed in Table 4 together with the percentage of the 
evaporated Baltic Sea water component in Olkiluoto precipitation. These values have 
been calculated using a mass balance as follows: 
 
BS% = [1 – {[ dO - dBS) / (dI - dBS)}] * 100 (Machavaram & Krishnamurthy 1995) (5) 
 
By choosing several variables for mean humidity and sea surface temperature, it was 
possible to illustrate how sensitive the vapour d-value is to the variation of these 
parameters and how that affects the size of the Baltic Sea component. The actual mean 
humidity and surface temperature were also difficult to resolve from literature. Table 4 
is read as follows: With a mean humidity of 75 % and a temperature of 15 °C, only 13 
% of the evaporated Baltic Sea water having a d-value (dBS) of 18.6‰ is needed to 
produce the d-excess of 7.4‰ (dO) defined for Olkiluoto summer precipitation. 
Respectively, in order to produce a precipitation with the same d-excess of 7.4‰ in 
conditions of 85 % / 15 °C, up to 60 % of the evaporated Baltic Sea water with a dBS of 
8.5‰ is needed. Decreasing the temperature by 5 °C at a humidity of 85 % leads the 
model calculation into an impossible state. With these input parameters, no higher 
humidity or lower temperature values for the secondary vapour source can be entered in 
the model. 
 
The d-excess values of winter precipitation in Olkiluoto are also high compared to those 
of the oceanic vapour source. However, due to decreasing temperature along with 
increasing humidity, the d-excess of secondary vapour approaches the d-value of the 
initial vapour mass. For this reason, the efficiency of the d-excess method is generally 
lost. Significant evaporation may still take place in the Baltic Sea during the open water 
period in winter (Vihma & Lumiaro 2013). 
 
Table 4. Model summary comprising the humidity and temperature variables used and 
the calculated Baltic Sea vapour d-excess and the percentage of the Baltic Sea water 
component in Olkiluoto precipitation. 
 

Humidity Temp Baltic Sea vapour Baltic Sea component
% °C d-excess (d BS ), ‰ in prec, %

75 15 18.6 13
75 10 15.3 18
80 15 13.6 22
80 10 10.3 37
85 15 8.5 60
85 10 5.2 -  
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5 SUMMARY 
 
The isotopic ratios of stable oxygen and hydrogen, and tritium activities in atmospheric 
precipitation and shallow groundwater were determined during the period of 2005 – 
2012 in the Olkiluoto area. This study updated the basic isotopic parameters to be used 
as background information for further hydrogeological studies in the Olkiluoto area. 
This comprises the long-term (eight-year) weighted mean annual isotopic composition 
of precipitation and the present local meteoric water line (LMWL). Based on the eight-
year monitoring of precipitation, the weighted long-term mean δ18O, 2H and 3H were 
calculated and were -11.59‰, -82.3‰ and 9.8 TU, respectively. For developing the 
LMWL, an ordinary linear regression analysis was completed for all precipitation 
samples. This yielded a specific slope and y-intercept for the data and the LMWL for 
the Olkiluoto area is formulated as: 2H = 7.45 δ18O + 3.82‰. The local meteoric water 
line is recommended to be used as a reference line whenever any isotopic data of 
oxygen and hydrogen from Olkiluoto waters is examined. The mean isotopic 
composition determined from Olkiluoto shallow groundwater gives δ18O, 2H and 3H 
values of -11.27‰, -80.3‰ and 9.1 TU, respectively. The isotope ratio of oxygen and 
hydrogen in shallow groundwater plots directly on the Olkiluoto local meteoric water 
line. A review of the weighted annual δ values in precipitation and shallow groundwater 
reveals that the difference of 0.32‰ for oxygen and 2‰ for hydrogen between shallow 
groundwater and rainfall is practically insignificant; based on this data, the mean stable 
isotope ratios of shallow groundwater represent the long-term mean annual isotopic 
composition of local precipitation. 
 
Both the isotope time series and the inter-annual mean isotope values derived from the 
Olkiluoto precipitation and shallow groundwater data reveal a weak increasing trend for 
the δ18O and δ2H values. The trend may be related to the climatic changes taking place 
locally and in the source area of water vapour. Tritium activity in the Olkiluoto waters 
has decreased gradually during the whole monitoring period of eight years with no signs 
of levelling out. The systematic decline observed in 3H data is most probably attributed 
to the still continuing decrease in atmospheric 3H activity in the northern hemisphere. A 
comparison of the 3H values determined in precipitation and shallow groundwater 
indicates that the significance of spring - summer precipitation in shallow groundwater 
recharge is less pronounced compared to the other seasons. Systematic seasonal and 
long-term tritium trends suggest that a potential ground-level tritium release from the 
Olkiluoto nuclear power station is insignificant. 
 
Olkiluoto precipitation is characterised by fairly low mean seasonal isotopic variation 
compared to monitoring stations elsewhere in Finland. The d-excess value based on the 
isotopic ratios of oxygen and hydrogen was taken as a key parameter when comparing 
Olkiluoto precipitation with precipitation in the Northern Atlantic. The d-excess values in 
Olkiluoto precipitation during the summer period indicated that a notable amount of re-
cycled Baltic Sea water may have contributed to precipitation on the Finnish southern 
coast. An attempt was made to model the proportion of re-circulated water in the 
Olkiluoto summer precipitation. The method is based on the change recorded between the 
d-excess values of precipitation before and after the evaporated continental water 
reservoir. Increased d-values are detected after crossing the evaporated water body. The 
model produced estimates according to which at a varying humidity of 75 - 85 % and 
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within a temperature range of 10 – 15 °C, the evaporated Baltic Sea water component in 
Olkiluoto precipitation may range from 10 to 40 % and even up to 60 % depending on 
the chosen input parameters. 
 



33 
 

6 REFERENCES 
 
Bowen G. J., Kennedy C. D., Henne P. D. & Zhang T. 2012. Footprint of recycled 
water subsidies downwind of Lake Michigan. Ecosphere, Vol 3(6), Article 53, 1-16. 
 
Clark, I. & Fritz, P. 1997. Environmental Isotopes in Hydrogeology. Boca Raton, FL: 
Lewis Publishers. 328 p. 
 
Coleman, M. L., Shepherd, T. J., Durham, J. J., Rouse, J. E. & Moore, G. R. 1982. 
Reduction of water with zinc for hydrogen isotope analysis. Analytical Chemistry 54 
(6), 993–995. 
 
Coplen, T. B. 1994. Reporting of stable hydrogen, carbon and oxygen isotopic 
abundances. Pure & Applied Chemistry 66, 273–276. 
 
Craig, H. 1961. Isotopic variations in meteoric water. Science 133, 1702. 
 
Craig, H. & Gordon, L. I. 1965. Deuterium and oxygen-18 variation in the ocean and 
the marine atmosphere. In: Tongiorgi (ed.) Stable Isotopes in Oceanographic Studies 
and Paleotemperatures. Pisa, Italy, 9–130. 
 
Dansgaard, W. 1964. Stable isotopes in precipitation. Tellus 16, 436–468. 
 
Darling, W. G. 2004. Hydrological factors in the interpretation of stable isotopic proxy 
data present and past: a European perspective. Quartenary Science Reviews 23, 743–
770. 
 
Ehhalt D. 1971. Vertical profiles and transport of HTO in the troposphere. Journal of 
Geophysical Research, 76, 7351-7367. 
 
Eriksson, E. 1965. An account of major pulses of tritium and their effects in the 
atmophere. Tellus 17, 118-130. 
 
Epstein, S. & Mayeda, T. 1953. Variation of 18O content of waters from natural sources. 
Geochimica et Cosmochimica Acta 4, 213–224. 
 
Froehlich, K., Gibson, J. J. & Aggarwal, P. 2002. Deuterium excess in precipitation and 
its climatological significance. In: Study of environmental change using isotope 
techniques. Vienna: International Atomic Energy Agency, C&S Papers Series 13/P, 54–
65. 
 
Fröhlich K., Grabczak J. & Rozanski K. 1988. Deuterium and oxygen-18 in the Baltic 
Sea. Chemical Geology (Isotope Geoscience Section), 72: 77-83. 
 
Gat, J. R., Mook, W. G. & Meijer, A. J. 2001. Environmental isotopes in the 
hydrological cycle. Principles and applications. In: Mook, W. G. (ed.) IHP-V, Technical 
Documents in Hydrology, No. 39, Vol. II: Atmospheric water. Paris: UNESCO. 113 p. 
 



34 
 

Gat J. R., Bowen C. J. & Kendall C. 1994. The contribution of evaporation from the 
Great Lakes to the continental atmosphere: estimate based on stable isotope data. 
Geophysical Research Letters, Vol. 21(7), 557-560. 
 
Gonfiantini, R. 1986. Environmental isotopes in lake studies. In: Fritz, P. & Fontes, J. 
Ch. (eds.) Handbook of Environmental Isotope Geochemistry, The Terrestrial 
Environment, B, Vol. 2. Amsterdam: Elsevier, 113–168. 
 
IAEA/WMO 2013. Global Network of Isotopes in Precipitation. Technical procedure 
for GNIP Stations. Accessible at: http://www-
naweb.iaea.org/napc/ih/documents/other/GNIP%20station%20operation%20manual_Fe
b13_EN.pdf 
 
IAEA/WMO 2009. The GNIP database. WISER Water Isotope System for Data 
Analysis, Visualization and Electronic Retrieval. Accessible at http://www-
naweb.iaea.org/napc/ih/IHS_resources_isohis.html 
 
Jouzel J. & Merlivat L. 1984. Deuterium and oxygen 18 in precipitation: Modeling of 
the isotopic effects during snow formation. 
 
Haapanen, A. (ed.) 2012. Results of monitoring at Olkiluoto in 2011: Environment. 
Working Report 2012-45. Posiva Oy, Eurajoki, Finland. 146 pp. http://www.posiva.fi/ 
 
Karhu, J. A. 1997. Catalytical reduction of water to hydrogen for isotopic analysis using 
zinc containing traces of sodium. Analytical Chemistry 69, 4728–4730. 
 
Kortelainen, N. 2009. Isotopic composition of atmospheric precipitation and shallow 
groundwater in Olkiluoto: 18O, 2H and 3H. Working report 2009-06. Posiva Oy, 
Eurajoki, Finland. Posiva. 23 p. http://www.posiva.fi/ 
 
Kortelainen, N. 2007. Isotopic fingerprints in surficial waters: stable isotope methods 
applied in hydrogeological studies. Espoo, Geological Survey of Finland 41, 55 p. 
 
Kortelainen, N. M. & Karhu, J. A. 2004. Regional and seasonal trends in the oxygen 
and hydrogen isotope ratios of Finnish groundwaters: a key for mean annual 
precipitation. Journal of Hydrology 285, 143–157. 
 
Lucas, L. L. & Unterweger, M. P. 2000. Comprehensive review and critical evaluation 
of the half-life of tritium. Journal of Research of the National Institute of Standards and 
Technology 105, 541–549. 
 
Machavaram M. V. & Krishnamurthy R. V. 1995. Earth surface evaporative process: A 
case study from the Great Lakes region of the United States based on the deuterium 
excess in precipitation. Geochimica et Cosmochimica Acta, Vol 59 (20), 4279-4283. 
 
Majoube 1971. Fractionnement en oxygène-18 et en deuterium entre l’eau et sa vapeur. 
Journal of Chemical Physics, 197: 1423-1436. 



35 
 

Meijer, H. A. J., van der Plicht, J., Gislefoss, J. S. & Nydal, R. 1995. Comparing long-
term atmospheric 14C and 3H records near Groningen, The Netherlands with Fruholmen, 
Norway and Izaña, Canary Islands 14C stations. Radiocarbon 37 (1), 39–50. 
 
Merlivat, L. & Jouzel, J. 1979. Global climatic interpretation of the deuterium-oxygen 
18 relationship for precipitation. Journal of Geophysical Research 84 (C8), 5029–5033. 
 
Rozanski, K. 1984. Temporal and spatial variations of deuterium and oxyden-18 in 
European precipitation and groundwaters. Z.F.I. Mitt. (Ber. Zentralinst. Isot. –
Strahlenforsch.) 85, 341-353. 
 
Rozanski, K., Araguás-Araguás, L. and Gonfiantini, R. 1993. Isotopic patterns in 
modern global precipitation. In: Climate change in continental isotopic records, 
Geophysical monograph: 78, American Geophysical Union, U.S.A. 1-36. 
 
Rozanski K., Gonfiantini R. & Araguas-Araguas L. 1991. Tritium it the global 
atmosphere: distribution patterns and resent trends. J. Phys. G: Nucl. Part. Phys. 17, 
S523-S536. 
 
Schotterer U., Kozel R., Leuenberger M., Rickly R., Schürch M. & Stichler W. 2006. 
Temporal variation of stable isotopes in Alpine precipitation and their relation to 
climate variability. Preceeding: Int. Workshop on Isotope Effects in Evaporation, Pisa 
3-6. 
 
Schotterer U., Oldfield F. & Fröhlich K. 1996. GNIP Global Network for Isotopes in 
Precipitation.  
Accessible at: http://www-naweb.iaea.org/napc/ih/documents/other/GNIP-booklet.pdf 
 
Vihma, T., Lumiaro, R. 2013. Meren, jään ja ilmakehän vuorovaikutus. Accessible at: 
http://www.itameriportaali.fi/fi/tietoa/yleiskuvaus/jaa/fi_FI/meri_jaa_ilma_vuorovaikutus/ 
(10.12.2013). 
 



36



APPENDIX 1. Monthly isotopic data of precipitation
Weather station OL-WOM1

SI-LabID Sample code Month Sampling δD δ18O d- Tritium Prec Prec Temp Humidity
date ‰ vs. VSMOW excess TU +/- TU mm mm  °C %

W-3065 OLKISA0501 Jan.05 07.02.05 -86.2 -12.40 13.0 13.3 75.8 66.2 -0.5 91
W-3135 OLKISA0502 Feb.05 03.03.05 -97.4 -13.32 9.2 9.2 24.5 29.4 -3.6 85

- - Mar.05 - - - - - 3.7 ? 3.6 -4.5 74
W-3165 OLKISA0504 Apr.05 03.05.05 -74.5 -10.78 11.7 13.1 22.6 19.2 3.9 75
W-3277 OLKISA0505 May.05 01.06.05 -43.6 -6.26 6.5 15.0 19.8 30.3 8.7 75
W-3278 OLKISA0506 Jun.05 30.06.05 -84.8 -11.43 6.6 14.3 50.8 59.8 13.3 75
W-3279 OLKISA0507 Jul.05 29.07.05 -86.7 -11.84 8.0 8.5 74.8 68.6 17.7 78
W-3280 OLKISA0508 Aug.05 31.08.05 -81.8 -11.46 9.9 16.9 138.3 155.0 16.4 80
W-3382 OLKISA0509 Sep.05 30.09.05 -53.7 -8.04 10.6 11.3 52.2 50.6 13.0 80
W-3383 OLKISA0510 Oct.05 01.11.05 -99.8 -14.05 12.6 <8.5 43.7 52.8 8.1 86
W-3436 OLKISA0511 Nov.05 05.12.05 -89.1 -12.63 11.9 <8.5 112.9 94.9 4.3 93
W-3437 OLKISA0512 Dec.05 27.12.05 -93.5 -13.35 13.3 <8.5 22.3 21.2 -2.3 88
W-3482 OLKISA0601 Jan.06 03.02.06 -97.4 -13.13 7.6 8.6 0.3 21.7 17.4 -3.0 88
W-3483 OLKISA0602 Feb.06 03.03.06 -119.5 -16.65 13.7 7.7 0.3 10.0 8.6 -5.9 88
W-3577 OLKISA0603 Mar.06 03.04.06 -91.3 -14.10 21.5 - - 9.8 18.8 -5.7 81
W-3578 OLKISA0604.2 Apr.06 03.05.06 -100.0 -13.93 11.4 8.4 0.3 71.0 57.5 3.7 76
W-3622 OLKISA0605 May.06 01.06.06 -86.7 -12.09 10.0 11.0 0.2 74.8 67.4 9.2 73
W-3623 OLKISA0606 Jun.06 30.06.06 -67.9 -9.23 5.9 12.8 0.2 23.7 22.3 14.4 72
W-3682 OLKISA0607 Jul.06 31.07.06 -48.1 -6.86 6.8 11.9 0.4 9.9 9.8 18.4 67
W-3683 OLKISA0608 Aug.06 31.08.06 -94.7 -12.91 8.6 14.8 0.2 35.3 31.6 19.0 72
W-3754 OLKISA0609 Sep.06 29.09.06 -96.5 -13.37 10.5 10.4 0.2 57.8 70.6 14.4 84
W-3755 OLKISA0610 Oct.06 31.10.06 -90.3 -12.52 9.9 8.4 0.2 122.7 131.9 8.1 88
W-3766 OLKISA0611 Nov.06 30.11.06 -96.0 -13.28 10.2 6.8 0.2 69.8 67.6 3.3 91
W-3795 OLKISA0612 Dec.06 02.01.07 -78.9 -11.01 9.2 6.8 0.2 121.6 94.8 4.5 88
- - Jan.07 - - - - - - 71.5 -1.2 86
- - Feb.07 - - - - - - 2.2 -7.9 81
- - Mar.07 - - - - - - 12.9 2.0 86
- - Apr.07 - - - - - - 14.6 4.5 73
- - May.07 - - - - - - 53.0 9.6 75
W-3966 OLKISA0706 Jun.07 29.06.07 -78.2 -10.85 8.6 14.9 0.2 24.7 26.6 14.6 69
W-3968 OLKISA0707 Jul.07 30.07.07 -69.5 -9.63 7.5 15.3 0.2 71.2 109.0 16.6 83
W-3985 OLKISA0708 Aug.07 28.08.07 -100.5 -13.91 10.8 12.1 0.2 77.6 53.7 17.4 79
W-4014 OLKISA0709 Sep.07 01.10.07 -67.8 -10.25 14.2 9.3 0.2 88.9 68.7 11.6 81
W-4107 OLKISA0710 Oct.07 01.11.07 -85.9 -12.14 11.2 7.8 0.2 88.9 77.0 8.2 85
W-4119 OLKISA0711.1 Nov.07 30.11.07 -106.6 -15.18 14.8 8.8 0.2 72.8 69.7 1.6 88
W-4147 OLKISA0712 Dec.07 02.01.08 -81.2 -11.18 8.2 8.3 0.2 74.0 62.5 2.4 93
W-4148 OLKISA0801 Jan.08 01.02.08 -98.6 -13.35 8.2 7.6 0.2 86.9 76.6 0.4 87
W-4252 OLKISA0802 Feb.08 06.03.08 -97.8 -13.51 10.3 9.9 0.2 38.2 37.8 1.0 89
W-4253 OLKISA0803 Mar.08 01.04.08 -99.5 -13.92 11.9 9.6 0.2 28.6 34.5 0.3 80
W-4254 OLKISA0804 Apr.08 05.05.08 -85.6 -11.95 10.0 11.7 0.2 36.1 36.4 5.1 81
W-4255 OLKISA0805 May.08 03.06.08 -76.9 -11.57 15.7 - - 8.2 8.6 9.3 71
W-4256 OLKISA0806 Jun.08 01.07.08 -77.5 -10.81 9.0 13.4 0.2 55.4 53.8 14.0 74
W-4295 OLKISA0807 Jul.08 04.08.08 -79.8 -11.10 9.0 15.3 0.3 50.0 29.4 16.9 76
W-4427 OLKISA0808 Aug.08 29.08.08 -79.1 -10.97 8.7 10.9 0.2 112.0 127.3 14.7 82
W-4428 OLKISA0809 Sep.08 30.09.08 -64.9 -9.22 8.9 11.3 0.2 38.9 34.2 10.0 82
W-4429 OLKISA0810 Oct.08 03.11.08 -82.9 -11.84 11.8 8.9 0.2 117.1 113.7 8.4 85
W-4430 OLKISA0811 Nov.08 04.12.08 -91.0 -12.95 12.6 8.4 0.2 80.1 80.1 3.4 86
W-4546 OLKISA0812 Dec.08 08.01.09 -89.6 -12.92 13.8 8.6 0.2 61.2 67.4 1.2 91
- OLKISA0901 Jan.09 - - - - - - 24.9 -2.6 84
W-4547 OLKISA0902 Feb.09 05.03.09 -111.4 -15.12 9.6 9.1 0.2 26.2 26.0 -4.1 86
W-4548 OLKISA0903 Mar.09 06.04.09 -90.6 -12.28 7.6 10.3 0.2 22.6 29.0 -1.1 81
W-4549 OLKISA0904 Apr.09 04.05.09 -62.9 -8.48 4.9 - - 5.3 12.0 4.3 76
W-4550 OLKISA0905 May.09 05.06.09 -77.0 -10.73 8.8 11.5 0.2 52.9 41.8 10.2 71
W-4551 OLKISA0906 Jun.09 03.07.09 -74.6 -10.31 7.9 12.8 0.2 37.4 51.1 12.8 75
W-4729 OLKISA0907 Jul.09 05.08.09 -55.4 -8.02 8.8 11.6 0.2 51.5 65.4 16.6 76
W-4730 OLKISA0908 Aug.09 02.09.09 -64.3 -9.88 14.7 10.0 0.2 55.7 49.1 16.8 76
W-4731 OLKISA0909 Sep.09 02.10.09 -69.1 -10.08 11.5 7.4 0.2 32.7 44.7 - 77
W-4732 OLKISA0910 Oct.09 02.11.09 -79.9 -12.12 17.1 7.2 0.2 72.0 69.9 4.5 78
W-4733 OLKISA0911 Nov.09 01.12.09 -72.8 -10.51 11.3 7.3 0.2 54.8 55.3 3.1 89
W-4734 OLKISA0912 Dec.09 04.01.10 -110.4 -15.78 15.8 9.6 0.2 33.0 42.7 -4.2 85
W-4786 OLKISA1001 Jan.10 01.02.10 -119.5 -17.58 21.1 12.6 0.3 14.6 14.3 -9.3 86
W-4787 OLKISA1002 Feb.10 01.03.10 -134.1 -17.71 7.6 9.1 0.2 23.4 133.2 -7.7 84
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APPENDIX 1. Monthly isotopic data of precipitation
Weather station OL-WOM1

SI-LabID Sample code Month Sampling δD δ18O d- Tritium Prec Prec Temp Humidity
date ‰ vs. VSMOW excess TU +/- TU mm mm  °C %

W-4788 OLKISA1003 Mar.10 01.04.10 -108.6 -14.25 5.4 9.5 0.2 27.2 44.5 -2.0 84
W-4863 OLKISA1004 Apr.10 03.05.10 -89.0 -12.01 7.1 12.1 0.2 26.3 29.6 3.4 81
W-4864 OLKISA1005 May.10 04.06.10 -60.5 -9.01 11.6 16.0 0.2 89.3 79.9 9.7 80
W-4865 OLKISA1006 Jun.10 01.07.10 -60.4 -9.36 14.5 15.2 0.3 42.6 44.1 12.5 74
W-4866 OLKISA1007 Jul.10 02.08.10 -43.3 -6.14 5.8 17.2 0.2 23.3 32.5 20.4 71
W-5261 OLKISA1008 Aug.10 1.9.2010 -61.9 -9.31 12.6 13.3 0.2 97.3 73.8 16.9 77
W-5262 OLKISA1009 Sep.10 30.9.2010 -80.3 -11.32 10.3 7.7 0.2 95.5 100.4 11.5 82
- - Oct.10 - - - - - - 45.5 6.4 78
- - Nov.10 - - - - - - 63.9 -1.9 83
- - Dec.10 - - - - - - 48.2 -9.2 82
- - Jan.11 - - - - - - 43.7 -4.3 88
W-5518 OLKISA1102 Feb.11 28.02.11 -75.8 -10.49 8.1 7.8 5.5 17.3 18.2 -8.7 81
W-5519 OLKISA1103 Mar.11 01.04.11 -69.3 -10.03 10.9 3.8 5.3 19.6 2.2 -1.1 77
W-5520 OLKISA1104 Apr.11 01.05.11 -80.3 -10.64 4.8 7.2 5.5 19.6 24.0 3.6 81
W-5939 OLKISA1105 May.11 06.06.11 -60.6 -8.45 7.0 13.4 5.2 56.4 47.2 9.3 71
W-5940 OLKISA1106 Jun.11 01.07.11 -77.0 -10.63 8.0 12.3 5.7 72.0 65.2 16.1 72
W-5941 OLKISA1107 Jul.11 01.08.11 -47.4 -6.96 8.3 16.5 5.7 88.9 117.7 19.2 78
W-5942 OLKISA1108 Aug.11 01.09.11 -56.4 -8.24 9.5 12.1 5.5 84.6 59.7 17.1 76
W-5943 OLKISA1109 Sep.11 03.10.11 -66.0 -9.34 8.7 4.9 5.3 123.4 109.7 13.6 85
W-6219 OLKISA1110 Oct.11 01.11.11 -73.2 -10.28 9.0 6.8 1.4 64.9 70.0 8.7 83
W-6220 OLKISA1111 Nov.11 01.12.11 -85.3 -11.52 6.9 6.5 1.1 51.4 52.3 5.7 89
W-6221 OLKISA1112 Dec.11 02.01.12 -97.0 -13.57 11.6 7.1 1.0 101.6 121.8 2.6 87
W-6495 OLKISA1201 Jan.12 01.02.12 -116.6 -16.06 11.9 7.5 0.9 45.3 41.1 -4.3 88
W-6496 OLKISA1202 Feb.12 01.03.12 -93.4 -12.91 9.9 7.0 0.9 45.9 35.7 -6.1 86
W-6497 OLKISA1203 Mar.12 02.04.12 -98.6 -13.02 5.6 7.6 1.4 33.0 32.8 0.5 83
W-6498 OLKISA1204 Apr.12 02.05.12 -88.1 -12.14 9.0 13.9 0.9 54.7 54.2 3.5 78
W-6499 OLKISA1205 May.12 04.06.12 -72.7 -10.31 9.8 12.1 0.7 72.0 40.0 9.4 70
W-6752 OLKISA1206 Jun.12 02.07.12 -61.7 -8.56 6.8 13.4 1.2 39.4 71.2 12.5 78
W-6753 OLKISA1207 Jul.12 01.08.12 -54.1 -7.86 8.8 11.9 0.8 81.3 78.6 17.3 79
W-6754 OLKISA1208 Aug.12 03.09.12 -67.3 -9.47 8.5 8.4 0.6 78.2 43.0 16.1 -
W-6755 OLKISA1209 Sep.12 01.10.12 -64.5 -9.46 11.2 7.7 0.8 76.9 116.5 12.1 -
W-6980 OLKISA1210 Oct.12 02.11.12 -97.1 -13.75 12.9 7.6 0.9 170.4 162.5 6.2 -
W-6981 OLKISA1211 Nov.12 03.12.12 -89.7 -12.70 11.9 7.4 0.7 33.7 31.1 4.0 -
W-6982 OLKISA1212 Dec.12 02.01.13 -108.3 -14.83 10.3 7.2 0.8 56.7 110.2 -6.6 -
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APPENDIX 2. Isotopic data of groundwater.

SI-LabID Sample code Site Month Sampling δD δ18O d- Tritium
date ‰ vs. VSMOW excess TU ± TU

W-3063 OLKI0501 PVP4A Jan.05 31.01.05 -81.2 -11.33 9.4 10.9
W-3064 OLKI0502 PVP14 Jan.05 31.01.05 -78.1 -11.26 12.0 14.4
W-3133 OLKI0503 PVP4A Mar.05 24.03.05 -82.1 -11.30 8.3 11.2
W-3134 OLKI0504 PVP14 Mar.05 08.03.05 -80.3 -11.28 9.9 8.6
W-3163 OLKI0505 PVP4A Apr.05 19.04.05 -81.6 -11.25 8.4 9.1
W-3164 OLKI0506 PVP14 Apr.05 19.04.05 -80.2 -11.23 9.6 9.2
W-3273 OLKI0507 PVP4A Jun.05 27.06.05 -82.1 -11.27 8.1 9.8
W-3274 OLKI0508 PVP14 Jun.05 27.06.05 -82.4 -11.27 7.8 10.1
W-3275 OLKI0509 PVP4A Aug.05 31.08.05 -81.7 -11.48 10.1 9.7
W-3276 OLKI0510 PVP14 Aug.05 31.08.05 -79.9 -11.28 10.3 13.0
W-3380 OLKI0511 PVP4A Nov.05 02.11.05 -82.7 -11.34 8.0 10.5
W-3381 OLKI0512 PVP14 Nov.05 02.11.05 -82.3 -11.32 8.3 <8.5
W-3434 OLKI0601 PVP4A Jan.06 13.01.06 -81.2 -11.25 8.8 <8.5
W-3435 OLKI0602 PVP14 Jan.06 14.01.06 -80.0 -11.21 9.7 <8.5
W-3579 OLKI0603 PVP4A Apr.06 27.04.06 -81.4 -11.50 10.6 10.0 0.3
W-3580 OLKI0604 PVP14 Apr.06 26.04.06 -81.7 -11.40 9.5 9.8 0.3
W-3620 OLKI0605 PVP4A Jun.06 20.06.06 -80.6 -11.36 10.3 9.7 0.2
W-3621 OLKI0606 PVP14 Jun.06 20.06.06 -79.9 -11.42 11.5 9.6 0.2
W-3680 OLKI0607 PVP4A Aug.06 29.08.06 -79.3 -11.36 11.6 10.1 0.2
W-3681 OLKI0608 PVP14 Aug.06 29.08.06 -79.2 -11.21 10.5 9.6 0.2
W-3752 OLKI0609 PVP4A Oct.06 25.10.06 -79.4 -11.34 11.3 10.4 0.2
W-3753 OLKI0610 PVP14 Oct.06 25.10.06 -79.4 -11.26 10.7 9.6 0.2
W-3767 OLKI0611 PVP4A Nov.06 15.11.06 -77.9 -11.34 12.8 9.9 0.2
W-3768 OLKI0612 PVP14 Nov.06 15.11.06 -80.3 -11.35 10.5 8.6 0.2
W-3961 OLKI0701 PVP4A Jun.07 14.06.07 -81.3 -11.37 9.7 9.9 0.2
W-3962 OLKI0702 PVP14 Jun.07 14.06.07 -80.6 -11.24 9.3 9.8 0.2
W-3982 OLKI0703 PVP4A Aug.07 10.08.07 -79.5 -11.41 11.8 9.7 0.2
W-3983 OLKI0704 PVP14 Aug.07 10.08.07 -79.2 -11.39 11.9 9.0 0.2
W-4015 OLKI0705 PVP4A Oct.07 03.10.07 -81.2 -11.44 10.3 10.1 0.2
W-4016 OLKI0706 PVP14 Oct.07 03.10.07 -79.2 -11.27 11.0 8.9 0.2
W-4108 OLKI0707 PVP4A Nov.07 22.11.07 -80.4 -11.26 9.7 9.9 0.2
W-4109 OLKI0708 PVP14 Nov.07 22.11.07 -79.0 -11.16 10.3 9.3 0.2
W-4149 OLKI0801 PVP4A Feb.08 22.02.08 -80.4 -11.29 9.9 9.9 0.2
W-4150 OLKI0802 PVP14 Feb.08 22.02.08 -78.8 -11.21 10.9 9.5 0.2
W-4257 OLKI0803 PVP4A Apr.08 16.04.08 -80.6 -11.35 10.2 9.8 0.2
W-4258 OLKI0804 PVP14 Apr.08 17.04.08 -79.7 -11.30 10.7 9.1 0.2
W-4259 OLKI0805 PVP4A Jun.08 25.06.08 -80.3 -11.25 9.7 9.4 0.2
W-4260 OLKI0806 PVP14 Jun.08 25.06.08 -80.0 -11.21 9.7 9.4 0.2
W-4296 OLKI0807 PVP4A Jul.08 28.07.08 -80.2 -11.31 10.3 10.3 0.2
W-4297 OLKI0808 PVP14 Jul.08 28.07.08 -79.6 -11.14 9.5 8.5 0.2
W-4552 OLKI0901 PVP4A Mar.09 18.03.09 -80.9 -11.22 8.9 9.0 0.2
W-4553 OLKI0902 PVP14 Mar.09 18.03.09 -79.7 -11.21 10.0 8.9 0.2
W-4554 OLKI0903 PVP4A Jul.09 03.07.09 -81.3 -11.27 8.9 9.3 0.2
W-4555 OLKI0904 PVP14 Jul.09 03.07.09 -79.5 -11.18 9.9 8.6 0.2
W-4789 OLKI1001 PVP4A Mar.10 01.03.10 -80.1 -11.08 8.5 9.2 0.2
W-4790 OLKI1002 PVP14 Mar.10 01.03.10 -80.4 -11.06 8.1 8.3 0.2
W-5521 OLKI1101 PVP4A Feb.11 25.02.11 -81.1 -11.39 10.0 7.4 0.9
W-5522 OLKI1102 PVP14 Feb.11 25.02.11 -79.7 -11.26 10.4 7.9 0.8
W-5523 OLKI1103 PVP4A Apr.11 29.04.11 -81.2 -11.28 9.0 8.7 0.8
W-5524 OLKI1104 PVP14 Apr.11 29.04.11 -79.8 -11.19 9.7 8.4 0.9
W-5944 OLKI1105 PVP4A Jun.11 30.06.11 -80.6 -11.20 9.0 8.0 0.7
W-5945 OLKI1106 PVP14 Jun.11 30.06.11 -79.4 -11.10 9.4 8.3 0.8
W-5946 OLKI1107 PVP4A Aug.11 31.08.11 -80.8 -11.26 9.3 7.8 1.0
W-5947 OLKI1108 PVP14 Aug.11 31.08.11 -79.7 -11.17 9.7 8.3 1.2
W-6222 OLKI1109 PVP4A Nov.11 01.11.11 -81.2 -11.10 7.6 7.9 0.9
W-6223 OLKI1110 PVP14 Nov.11 01.11.11 -79.6 -11.08 9.0 8.1 1.1
W-6224 OLKI1111 PVP14 Jan.12 04.01.12 -79.8 -11.22 10.0 8.6 1.1
W-6225 OLKI1112 PVP4A Jan.12 04.01.12 -81.0 -11.22 8.8 7.8 0.8
W-6491 OLKI1113 PVP4A Mar.12 01.03.12 -81.2 -11.30 9.2 8.7 0.8
W-6492 OLKI1114 PVP14 Mar.12 01.03.12 -79.5 -11.22 10.3 8.7 0.6
W-6493 OLKI1201 PVP4A May.12 02.05.12 -81.2 -11.48 10.6 8.4 1.0
W-6494 OLKI1202 PVP14 May.12 02.05.12 -78.5 -11.10 10.3 6.9 0.6
W-6748 OLKI1203 PVP4A Jul.12 02.07.12 -81.4 -11.27 8.8 6.6 0.6
W-6749 OLKI1204 PVP14 Jul.12 02.07.12 -80.1 -11.26 10.0 7.5 0.5
W-6750 OLKI1205 PVP4A Aug.12 02.08.12 -81.2 -11.23 8.6 8.3 0.7
W-6751 OLKI1206 PVP14 Aug.12 02.08.12 -79.6 -11.20 10.0 7.9 0.6
W-6983 OLKI1207 PVP4A Dec.12 10.12.12 -80.6 -11.31 9.9 7.7 1.0
W-6984 OLKI1208 PVP14 Dec.12 10.12.12 -79.4 -11.20 10.2 7.4 0.8
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