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Abstract. A regulatory guide for the safety of spent fuel disposal has recently been issued to guide the
implementer's programme in the preconstruction phase. The guide is based on dose criteria in the time frame,
which is reasonably predictable with respect to assessment of human exposure. For the time frame that involves
major climate changes such as permafrost and glaciation, the guide defines constraints for the activity releases to
the environment. This paper discusses the rationale for the selected approach and the derivation of the activity
release constraints.

1. RADIATION PROTECTION CRITERIA

The Finnish spent fuel disposal programme has recently passed the decision-in-principle
process that is crucial to the selection of the disposal site and to the political acceptance of the
disposal plan. The regulator (STUK) participated in the process by reviewing implementer's
(Posiva) safety case. The review was based on the general safety regulation issued by the
Government in 1999. STUK has recently issued a guide for the long-term safety specifying the
general safety regulation.

The Government's general safety regulation includes the following the radiation protection
criteria:

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:

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

(2) the average annual effective doses to other members of the public shall remain
insignificantly low.

Beyond the assessment period referred to above, 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:

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

(2) on a large scale, the radiation impacts remain insignificantly low.

Thus, different radiation protection criteria are applied depending on the time frame
(environmentally predictable future vs very long-term future) and the spatial extent of impacts
(local vs large scale).

In the STUK guide, the radiation protection criteria are clarified as follows:

The dose constraints apply to radiation exposure of 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
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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.

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.

The nuclide specific constraints for the activity releases to the environment are as follows:

— 0,03 GBq/afor the long-lived, alpha emitting radium, thorium, protactinium, plutonium,
americium and curium isotopes;

— 0,1 GBq/afor the nuclides Se- 79,1-129 and Np-23 7;
— 0,3 GBq/afor the nuclides C-14, Cl-36 and Cs-135 and for the long-lived uranium

isotopes;
— 1 GBq/afor Nb-94 and Sn-126;
— 3 GBq/afor the nuclide Tc-99;
— 10 GBq/afor the nuclide Zr-93;
— 30 GBq/afor the nuclide Ni-59;
— 100 GBq/afor the nuclides Pd-107 and Sm-151.

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.

The flux of radionuclides from geosphere to biosphere (the geo-bio flux) was selected as the
very long-term safety indicator in order to avoid the large uncertainties related to the evolution
of the environment due to major climate changes, such as permafrost and glaciation.
Consideration of such changes would lead to a wide spectrum of potential biosphere scenarios
with very uncertain parameter values. Then the judgement of the safety case might be
focussed on overly conservative and extreme bioscenarios.

Nevertheless, the rulemaker must consider various bioscenarios in the derivation of the
activity release constraints, as discussed below.
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2. DERIVATION OF THE GEO-BIO FLUX CONSTRAINTS

The general safety regulation for long-term safety refers to both local and large-scale
radiological impacts. Consequently, both were taken into account in the derivation of the geo-
bio flux constraints. As it was anticipated that the local impacts are more limiting, the
constraints were initially derived from them. The focus was put on scenarios which are fairly
likely, may cause long-lasting radiation exposure of humans having customary living style
(i.e. extreme exposures were excluded). The following scenarios were considered:

— Use of a shallow well; household water, garden irrigation and domestic animal watering
— Use of a small lake; fishing, irrigation and grazing at shore
— Use of the sediment of a drained lake; agriculture and soil improvement.

Determination of some parameter values was problematic, in particular the dilution factor for
the well scenario. A wide range for this parameter is found in relevant performance
assessments:

— The Finnish PA TILA-99: 100 000 m3/a
— The Swedish PA SITE-94: 10 000 m3/a
— The Swedish PA SR-97: 2 600 m3/a.

This very crucial parameter value was determined on the basis on a site specific (the Olkiluoto
site) groundwater flow analysis [1]. A number of shallow wells were assumed to exist in the
discharge areas of deep groundwater and the proportion of groundwater flow from the
repository area to the well was calculated. The analysis resulted in a range of dilution factors
from 29 000 to 460 000 m3/a. On the basis of the recommendation by the authors of the
analysis, 90 000 m3/a was chosen as the dilution factor for the well scenario.

By means of the scenarios given above, dose conversion factors for various nuclides were
derived, mainly based on analyses included in references [2] and [3]. These factors and the
most critical exposure pathways for some nuclides are as follows:

Nuclide Dose conversion factor (Sv/Bq) Critical scenarios/pathways

Lake/fish and sediment/crop
Well/drinking water and lake/fish
Sediment/crop
Lake/fish and well/vegetables
Well/drinking water
Well/external radiation
Sediment/crop
Well/drinking water and vegetables
Lake/fish and well/drinking water
Well/drinking water and vegetables
Lake/fish and sediment/crop
Well/drinking water and vegetables
Well, inhalation and drinking water
Well/inhalation and drinking water
Well/drinking water
Well/drinking water
Well/inhalation and drinking water
Well/drinking water and inhalation
Well/drinking water and inhalation
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C-14
Cl-36
Ni-59
Se-79
Zr-93
Nb-94
Tc-99
Pd-107
Sn-126
1-129
Cs-135
Ra-226
Th-229
Pa-231
U-238
Np-237
Pu-239
Am-243
Cm-245

5
2
4
1
1
6
3
5
1
2
3
3
8
1
4
1
4
3
3

E-13
E-14
E-15
E-13
E-14
E-14
E-14
E-16
E-13
E-12
E-13
E-12
E-12
E-ll
E-13
E-12
E-12
E-12
E-12



Some consideration was devoted to other scenarios, such as use of a peat bog, but the
uncertainties were deemed to be excessive for a rigorous quantitative analysis. However, as
clorine and selenium in perticular were found to be enriched in peat, the dose conversion
factors of Cl-36 and Se-79 were raised by about one order of magnitude.

The calculated dose conversion factors were adopted for the derivation of the geo-bio flux
constraints. The derivation was based on the criteria given in our general safety regulation; it
states that the radionuclides originating from the repository may at most result in radiation
impacts that are comparable to those arising from natural radionuclides. In Finland, the
average external dose from terrestrial radionuclides is 0,5 mSv/a and the average internal dose
from natural radionuclides in human body (excluding radon) is 0,3 mSv/a. An individual dose
of 0,1 mSv/a was, however, adopted as the reference level in order to leave some margin to
more pessimistic scenarios and parameter values than the selected ones.

The geo-bio flux constraints were calculated by dividing the dose rate 0,1 mSv/a and the
nuclide specific dose conversion factors. After some further consideration of relevance of
various scenarios and roundening of figures, the constraints given in STUK guide (see
Chapter 1) were arrived at.

The next step was to check the validity on the constraints with regard to large-scale impacts.
Because the proposed site, Olkiluoto, is a coastal site, a seafish consumption scenario is one,
which might expose a great number of people. An analysis indicated that the derived geo-bio
flux constraints would result in insignificant average individual doses (clearly less than
1 microSv/a) through that scenario.

Another point of comparison was the quantities of natural radionuclides carried to the sea by
nearby rivers. There is a regional river, with flow rate a few hundred million m3/a, the mouth
of which is located next to the Olkiluoto island. It can be estimated that through this river,
more than 1 GBq/a of long lived natural alpha emitters, 0,1-1 GBq/a of carbon-14 and 1-10
GBq/a of potassium-40 is carried to the potential recipient area of the proposed repository.
Some 35 km north of Olkiluoto exists a larger river with flow rate (and natural radionuclide
fluxes) about 20-fold in comparison with the former river. It was deemed that the proposed
geo-bio flux constraints are small in comparison with quantities of natural radionuclides
carried by river to nearby sea bays.

Some consideration was also devoted to releases to the environment of natural long-lived
radionuclides (mainly uranium, thorium and radium) from various human practices, such as
mining, processing of raw materials and agriculture. It was estimated that such releases from a
single source may amount to a few GBq/a, i.e. exceeding clearly the proposed constraints for
the same nuclides.

3. DISCUSSION

The release rate of radionuclides from the repository to the environment, the geo-bio flux, was
selected as the safety indicator for assessment periods beyond several thousands of years. The
main reason for this choice was to exclude from the safety case the great uncertainties related
to the evolution of the biosphere in the far future. It would be difficult for the implementer to
defend the conservatism (as required in our regulations) of any bioscenario and, as a
consequence, the safety case might be based on extreme bioscenarios and overly pessimistic
assumptions.
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This approach means that the burden on consideration of uncertainties related to evolution of
the biosphere in the very long term rests on the rulemaker. He must consider what is a
reasonable bioscenario when preparing his regulations, in particular when deriving the geo-bio
flux constraints. The implementer need not consider very far future bioscenarios when
preparing his safety case.

The derivation of the geo-bio flux constrains was based on both local and large-scale radiation
impacts, but in practice, the local impacts were more limiting ones. The local impacts were
described by means of a few typical reference scenarios. Consideration of large-scale impacts
included e.g. comparisons with fluxes of natural radionuclides via rivers in the vicinity of the
proposed disposal site. These comparisons were quite approximate and provided rather further
confidence in appropriateness of the geo-bio flux constraints than a real benchmark for their
derivation. Hopefully IAEA's CRP on Safety Indicators will bring forth more accurate
yardsticks for such comparisons.

Our exercise shows that the geo-bio flux is a practicable indicator of very long-term safety. It
has certain pros and cons in comparison with individual dose as a safety indicator. The geo-
bio flux is an indicator of the overall containment capability of the disposal system while a
dose indicator might focus too much attention to less important peak releases and extreme
doses. The performance of most barriers is indicated in units (fractional release rate) which
can easily be compared with the ratio of the geo-bio constraint and the maximum inventory of
the respective nuclide. On the other hand, a dose constraint incorporates the impacts from all
nuclides into one figure while geo-bio flux constraints are nuclide specific. Dose has
established acceptability levels whereas there are only few examples of how to benchmark the
geo-bio flux constraints.

It should be noted that geo-bio flux constraints and dose constraints are closely bound together
via reference biosphere scenarios. One can derive one from the another by means of the dose
conversion factors obtained from such scenarios. Thus, development of internationally agreed
reference biosphere scenarios would be desirable with regard to the future updating of our
regulation.
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