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Introduction

Swedish Nuclear Fuel and Waste Management AB (SKB) is presently updating the safety
assessment for SFR (Final repository for radioactive operational waste) in Sweden. The biospheric
part of the analysis is performed by Studsvik Eco & Safety AB (Karlsson et al., 2001) and the
model system used is based on models set up earlier (Bergstrom et al., 1999). According to the
regulations (SSI, 1998) the safety of the repository has to be accounted for different possible
courses of the development of the biosphere. A number of studies have been carried out during the
past years to investigate and document the biosphere in the area surrounding the repository.
Modelling of shore-level displacement by land uplift, coastal water exchange and sedimentation
have provided data for prediction of the evolution of the area (Brunberg & Blomqvist, 1999 and
2000, Brydsten, 1999a and 1999b, Enqvist & Andrejev, 1999 and 2000, Jerling et al., 2001,
Kautsky et al., 1999, Kumblad, 1999 and 2001), see Figure 1. The prediction is done without
considering a future change in climatic conditions.
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Figure 1. Studies utilised when creating the model system.

Evolution of the SFR-area

SFR is situated 50 m below the bottom of the strait Oregrundsgrepen in northern Uppland. The area
is relatively shallow and is strongly influenced by land rise - 0.6 cm/y (Passe, 1997) - which is
shown on maps in Brydsten (1999a), causing continuous changes of the landscape resulting in
altered biotopes (Wallstrom & Persson, 1997, Jerling et al., 2001). The simulation of the shoreline
displacement in the area over time shows that the southern part of the strait will close at about 4000
AD and a coastal bay will be formed (Brydsten, 1999a). The distribution between brackish and
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fresh water in the area will change over time and a large lake and several smaller ones will be
formed in the area about 5000 AD. The large lake is relatively shallow (maximum depth 4.1 m,
Brunberg & Blomqvist, 2000). Because of this, the lake will relatively soon be transformed into a
mire. Another possible scenario is that part of the lake may be drained and the gained area used for
agricultural purposes. The rest of the area is stony and relatively poor. The only area which may be
used for cultivation to any larger extent is the lake sediments according to the prediction made
(Jerling et al., 2001).

If radionuclides leak from the repository they may reach the biosphere through transport with
groundwater. The groundwater passing the repository discharges north of it. Today this point is
situated within Oregrundsgrepen. As the shoreline moves towards north-east with time the outflow
point will follow. When eventually the large lake is formed the groundwater outflow will take place
into this basin.

Implementation in the safety assessment

How has all this been implemented in the safety analysis? In the biospheric part of the assessment
the description of the evolution of the area has been a base for the construction of a realistic case for
the calculations. The gradual change of the biosphere has not been modelled, instead four different
stages have been identified which each one represents different time periods; coast I (present
conditions), coast 2, lake and agricultural land (see Figure 2). When performing dose assessments
the emphasis is put on finding events or processes which may lead to particularly high exposure
situations. One such aspect, identified when setting up the realistic case, is that contaminated
sediments in the future may be used for agricultural purposes. Radionuclides which reach the
biosphere during its coastal or lake stages may sorb to the sediments and accumulate. This is
simulated in the realistic case.

For comparison, two other cases were studied: a coastal case and a mire case with constant
biospheric conditions for the whole time period (2000 - 12000 AD). The latter case was set up
because it resulted in the highest dose rates for most radionuclides in a previous study (Bergstrom et
al., 1999).

2000 AD 4000 AD 5000 AD 8000 AD 12000 AD

Figure 2. The various models used during different time periods.
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Comparison of results from the different cases

The models were run for a continuous release of 1 Bq/year for two radionuclides; CI-36 and Pu-
239. These two nuclides were chosen because they are both long-lived (half-live CI-36 301 000
years and Pu-239 24 065 years) and behave very differently from one another in the environment.
Chlorine is very mobile in surface ecosystems whereas plutonium sorbs to particles in soils, water
and sediments. The unit release rate was chosen to simplify the analysis of results. It is more
difficult to interpret the behaviour of the models with a source term which changes with time.

The dose rates for the three cases, realistic, coastal and mire, are shown in Figure 3. The realistic
case shows an increase in dose rate with time as the different ecosystems replace each other. The
increase depends i.a. on diminishing dilution as the water volume decreases when the coastal area
develops into a lake. In the latest stage, when the area is assumed to be drained and used for
agricultural purposes, the dose rates increase even more.
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Figure 3. Dose rates (Sv/year) for the realistic, coastal and mire cases, Cl-36 and Pu-239,
respectively.

For the coastal case equilibrium concentrations are rapidly established whereas it takes a couple of
years (about 30 for Cl-36 and about 100 for Pu-239) to reach equilibrium in the mire case. The dose
rates for the coastal case coincide with those from the first stage of the realistic case (the same
model and parameter values were used) whereas the dose rates for the mire case is about two orders
of magnitude higher than those in the end of the realistic case (agricultural land).

A realistic case without an accumulation in sediments was also run to determine the importance of
an earlier stage accumulation of radionuclides. The difference was most evident in the beginning of
the agricultural stage (about eleven and four orders of magnitude higher dose rates for Pu-239 and
Cl-36, respectively) and decreased with time as a consequence of i.a. soil mixing and erosion. It
should be remembered that this is valid for a continuos release of radionuclides. In case of a
scenario where a large accumulation of radionuclides occur during the coastal and lake stages and
the source term decreases during the agricultural land period this effect may otherwise be even
more evident.

Conclusions

The results from this study show that accumulation of radionuclides in sediments is an important
process to simulate when performing dose assessments covering biosphere evolution. The dose
calculated for the first years of the period with agricultural use of the contaminated sediments may
be severely underestimated in a scenario with large accumulation in coastal and lake stages.

144



References

Bergstrorm, U, Nordlinder, S and Aggeryd, I, 1999. Models for dose assessments. Modules for
various biosphere types. Swedish Nuclear Fuel and Waste Management Co, Stockholm, SKB
Technical Report TR-99-14.
Brunberg, A-K and Blomqvist, P, 1999. Characteristics and ontogeny of oligotrophic hardwater
lakes in the Forsmark area, central Sweden. Swedish Nuclear Fuel and Waste Management Co,
Stockholm, SKB Report R-99-68.
Brunberg, A-K and Blomqvist, P, 2000. Post-glacial, land rise-induced formation and development
of lakes in the Forsmark area, central Sweden. Swedish Nuclear Fuel and Waste Management Co,
Stockholm, SKB Technical Report TR-00-02.
Brydsten, L, 1999a. Shore level displacement in Oregrundsgrepen. Swedish Nuclear Fuel and
Waste Management Co, Stockholm, SKB Technical Report TR-99-16.
Brydsten, L, 1999b. Change in coastal sedimentation conditions due to positive shore displacement
in Oregrundsgrepen. Swedish Nuclear Fuel and Waste Management Co, Stockholm, SKB Technical
Report TR-99-37.
Engqvist, A and Andrejev, 0, 1999. Water exchange of Oregrundsgrepen. A baroclinic 3D-model
study. Swedish Nuclear Fuel and Waste Management Co, Stockholm, SKB Technical Report
TR-99- 1I.
Engqvist, A and Andreiev, 0, 2000. Sensitivity analysis with regard to variations of physical
forcing including two possible future hydrographic regimes for the Oregrundsgrepen. A follow-up
baroclinic 3D-model study. Swedish Nuclear Fuel and Waste Management Co, Stockholm, SKB
Technical Report TR-00-01 .
Jerling, L, Schuldt, R, Isaeus, M and Lanneck, J, 2001. The vegetation in the SFR-region:
Yesterday-Today-Tomorrow. Swedish Nuclear Fuel and Waste Management Co, Stockholm (to be
published).
Karlsson, S, Bergstrom, U and Meili, M, 2001. Models for dose assessments. Models adapted to the
SFR-area, Sweden. Swedish Nuclear Fuel and Waste Management Co, Stockholm (to be
published).
Kautsky, H, Plantman, P and Borgiel, M, 1999. Quantitative distribution of aquatic plant and
animal communities in the Forsmark area. Swedish Nuclear Fuel and Waste Management Co,
Stockholm, SKB Report R-99-69.
Kumblad, L, 1999. A carbon budget for the aquatic ecosystem above SFR in Oregrundsgrepen.
Swedish Nuclear Fuel and Waste Management Co, Stockholm, SKB Report R-99-40.
Kumblad, L, 2001. A transport and fate model of carbon-14 in a brackish water bay, Sweden.
Including a prospective model of the future ecosystem in the same area. Swedish Nuclear Fuel and
Waste Management Co, Stockholm (to be published).
Påsse, T, 1997. A mathematical model of past, present and future shore level displacement in
Fennoscandia. Swedish Nuclear Fuel and Waste Management Co, Stockholm, SKB TR 97-28.
SSI, 1998. Statens strålskyddsinstituts foreskrifter om skydd av månniskors hålsa och miljon vid
slutligt omhåndertagande av anvånt kårnbransle och kårnavfall. Swedish Radiation Protection
Institute, Stockholm, SSI FS 1998:1 (in Swedish).
Wallstrom, K and Persson, J, 1997. Grunda havsvikar i Uppsala lan. Våstra Oregrundsgrepen.
Upplandsstiftelsen, Stencil nr 12 (in Swedish).

145


