
NEA/RWM/IGSC(2002)2

41

POSIVA’S STRATEGY FOR BIOSPHERE STUDIES

A. Hautojärvi
Posiva Oy, Finland

T. Vieno
VTT Energy, Finland

1 Regulatory Requirements

Regulatory requirements for biosphere analyses are specified in the Government Decision on the
Safety of Disposal of Spent Nuclear Fuel (STUK 1999) and, in more detail, in the regulatory Guide
YVL 8.4 (STUK 2001).

Dose constraints for several thousands of years

In an assessment period that is adequately predictable with respect to assessments of human exposure
but that shall be extended to at least several thousands of years:

− the annual effective dose to the most exposed members of the public shall remain below
0.1 mSv; and

− the average annual effective doses to other members of the public shall remain
insignificantly low.

These constraints apply to radiation doses which arise to members of the public as a consequence of
expected evolution scenarios and which are reasonably predictable with regard to the changes in the
environment. Humans are assumed to be exposed to radioactive substances released from the
repository, transported to near-surface groundwater bodies and further to watercourses above ground.
At least the following potential exposure pathways shall be considered:

− use of contaminated water as household water;

− use contaminated water for irrigation of plants and for watering animals;

− use of contaminated watercourses and relictions.

Changes in the environment to be considered in applying the dose constraints include at least those
arising from land uplift. The climate type as well as the human habits, nutritional needs and
metabolism can be assumed to be similar to the current ones.

The constraint for the most exposed individuals, effective dose of 0.1 mSv per year, applies to a self-
sustaining family or small village community living in the vicinity of the disposal site, where the
highest radiation exposure arises through the pathways discussed above. In the environs of the
community, a small lake and a shallow water well is assumed to exist.
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In addition, assessment of safety shall address the average effective annual doses to larger groups of
people, who are living at a regional lake or at a coastal site and are exposed to the radioactive
substances transported into these watercourses. The acceptability of these doses depend on the number
of exposed people, but they shall not be more than one hundredth – one tenth of the constraint for the
most exposed individuals.

Release rate constraints after several thousands of years

According to the Government Decision, the average quantities of radioactive substances over long
time periods released from the disposed waste and migrated to the environment, shall remain below
the nuclide specific constraints defined by the Radiation and Nuclear Safety Authority.  These
constraints shall be defined so that:

− at their maximum, the radiation impacts arising from disposal can be comparable to
those arising from natural radioactive substances; and

− on a large scale, the radiation impacts remain insignificantly low.

Guide YVL 8.4 specifies nuclide specific constraints for the activity releases to the environment are as
follows:

− 0.03 GBq/a for the long-lived, alpha emitting radium, thorium, protactinium, plutonium,
americium and curium isotopes;

− 0.1 GBq/a for the nuclides Se-79, I-129 and Np-237;

− 0.3 GBq/a for the nuclides C-14, Cl-36 and Cs-135 and for the long-lived uranium
isotopes;

− 1 GBq/a for Nb-94 and Sn-126;

− 3 GBq/a for the nuclide Tc-99;

− 10 GBq/a for the nuclide Zr-93;

− 30 GBq/a for the nuclide Ni-59;

− 100 GBq/a for the nuclides Pd-107 and Sm-151.

These constraints are based partially on biosphere analyses (e.g. Karlsson & Bergström 2000, where
SR 97’s biosphere models have been applied on Olkiluoto) and partially on comparisons with natural
fluxes of long-lived radionuclides.

These constraints apply to activity releases which arise from the expected evolution scenarios and
which may enter the environment not until after several thousands of years. These activity releases can
be averaged over 1000 years at the most. The sum of the ratios between the nuclide specific activity
releases and the respective constraints shall be less than one.
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Consideration of unlikely events

The importance to long-term safety of unlikely disruptive events impairing long-term safety shall be
assessed and, whenever practicable, the acceptability of the consequences and expectancies of
radiation impacts caused by such events shall be evaluated in relation to the dose and release rate
constraints specified above.

The considered unlikely disruptive events shall include at least:

− boring a deep water well at the disposal site;

− core-drilling hitting a waste canister;

− a substantial rock movement occurring in the environs of the repository.

The importance to safety of any such incidental event shall be assessed and whenever practicable, the
resulting annual radiation dose or activity release shall be calculated and multiplied by the estimated
probability of its occurrence. The expectation value shall be below the radiation dose or activity
release constraints. If, however, the resulting individual dose might imply deterministic radiation
impacts (dose above 0.5 Sv), the order of magnitude estimate for its annual probability of occurrence
shall be 10-6 at the most.

Consideration of protection of other living nature

Disposal of spent fuel shall not affect detrimentally to species of fauna and flora. This shall be
demonstrated by assessing the typical radiation exposures of land and aquatic populations in the
disposal site environment, assuming the present kind of living populations. These exposures shall
remain clearly below the levels, which, on the basis of the best available scientific knowledge, would
cause decline in biodiversity or other significant detriment to any living population. Moreover, rare
animals and plants as well as domestic animals shall not be exposed detrimentally as individuals.

2. Posiva’s strategy

Posiva welcomes the regulator’s clear and transparent requirements and guidance in the field of
biosphere analyses. To fulfil the requirements Posiva will:

− evaluate the evolution at the potential discharge areas at Olkiluoto for the next several
thousands of years. Groundwater flow modelling will be used to identify the potential
discharge areas. Sea bottom topography and sediments will investigated to take into
account the effects of land uplift (presently approx. 6 mm/a at Olkiluoto);

− study circulation and mass transfer processes (physical, chemical, microbiological) of
elements;

− to carry out biosphere modelling for potential recipients at Olkiluoto (well, lake, sea,
sediment that later will be exposed due to land uplift, forest, peat bog). Development of
models is planned to be carried out in co-operation with SKB.



NEA/RWM/IGSC(2002)2

44

As concerns effects of human actions and consideration of other living nature, Posiva is actively
seeking for international co-operation, for example within IAEA, in these new researches fields.

3. Comments on potentially problematic nuclides

C-14

The release rate constraint of C-14 is rather low and is based on the assumed enrichment of inorganic
C-14 in the biosphere. However, corrosion of metals in anaerobic conditions may release carbon
mainly as methane, which does not retard in anything – but, on the other hand, does not cause
significant dose exposures. Fortunately, the release rate of C-14 is limited by the corrosion rate of
metals.

Radon and other daughters of Ra-226

Release rates of Rn-222 and other short-lived nuclides may be significantly higher than that of the
long-lived parent and depend crucially on conditions close to the geosphere-biosphere interface.
Fortunately, there is only a small amount of Ra-226 in the spent fuel initially and for several thousands
of years.
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