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ENGLISH TRANSLATION OF THREE DOCUMENTS

RELATING TO THE SFR-1

Operating permission

Radiation protection instructions

Chapter 4 of the Assessment Memorandum

(Translation by Chris Wilson)



Introduction

After approval from the National Institute of Radiation
Protection, (the SSI) on April 26th, 1988 the Swedish
Nuclear Fuel and Waste Management Company, the SKB, put the
Final Repository for Radioactive Waste, the SFR-1, into
operation. This report contains English translations of the
Operating Permission issued by SSI and the associated radia-
tion protection instructions. Also included is a translation
of Chapter 4, the viewpoints and evaluations, of the Assess-
ment Memorandum which was the background material for the
Board of the SSI when deciding on the operational permis-
sion. The chapters not translated are

1. Background describing the previous history of the
case, relevant international conventions and an
international comparison on disposal concepts

2. Summary of the Final Safety Report by SKB
3. Consultants reports "iving summaries of the reports

given by the consul u-ts- used by the SSI for certain
specific areas (ventilation system, activity con-
tents, fire-fighting, c£»rbon-14 questions, gas-
permeability and long-time characteristics of concre-
te, hydraulic situation in the SFR-1 area

4.Conclusions, essentialy the same as the operational
permission

The translation was made by Chris Wilson.

Further comments on the operational permission and the
background material can be provided by the Department of
Nuclear Energy at the National Institute of Radiation
Protection, Box 60204, 5-104 01 Stockholm, Sweden, telefon
(nat)+(O)8-72 97 21 00.

Curt Bergman



Translation

88-03-30
Document No. 343/833/87

The Swedish Nuclear Fuel and Waste
Management Co.

Box 5864
S-102 48 STOCKHOIH

OPERATING PERMISSION FOR SFR-1 PHASE 1

Background

In its decision of . une 6th li.,3, the Swedish Government granted the
Swedish Nuclear Fue* Supply Co (in Swedish: Svensk Kärnbränsleförsöjning
AS), the present Swedish Nuclear Fuel and Waste Management Co. (the SKB, in
Swedish: Svensk Kårmranslehantaring AB), permission in accordance with the
Atomic Energy Act of that time tc build and operate an installation for the
final storage of lo*-level and intermediate-level waste at Forsmark (SFR-1)
mainly in conformity <fith the application and with the attached descriptions.
In the document grant ng the pentL^sion the Government points out that the
Swedish National In.it rute of Rad 'tion Protection (the SSI) has the duty of
issuing the special instructions i .quired for the radiation protection.

Before the SFR-1 can b* put into operation a condition is that the
installation is approved from the point of view of radiation protection by
the SSI and that the required raeienion protection instructions have been
issued. Safety matters re handled ;>y the Swedish Nuclear Power
Inspectorate (the SKI) <ith the authority given by the Act on Nuclear
Activities. This iraplie.? that the i atallation is examined from different
points of view, by the .- 31 from the joint of view of radiation protection
and by the SKI from the voint of v e-- of nuclear safety, although these
authorities endeavour as far as is possible to coordinate their work of
examination and at the same time tc ensure that nothing remains unexamined.
These authorities also have access to one another's documents from the
examination work and they have continually supplied one another with
information.

The application

In order to obtain tha necessary approval, the SKB submitted to the SSI and
the S*I on >"<ctober 2nd 1987 an application for concession for operation.
Attached to the application is a finai safety report for SFR-1, phase 1. In
addition, the JXB has made available to :-he SSI the underlying reports to
the final safety report to the extent to which the SSI has considered that
necessary.

The application is only concurned with th« first phase of the SFR-1. No
future sealing of the ro^si-ory is covered by this application.



On September 16th 1987, the SKB submitted to the ZZI a special application
for a transport pennit in accordance with the Act on Nuclear Activities.
The application was sent for consideration to the SKI and on October 22nd
the SKI recommended approval of the application. The SSI intends to sake a
final decision during April 1988.

The basis for the decision by the Board of Management of the SSI

A detailed account of the background of this snatter, the way in which the
SSI has handled and considered the matter is explained in the assessment
memorandum (SSI-88-05) which forms the basis for the decision by the Board
of Management of the SSI.

The opinion of the SSI

The final repository for reactor wastes SFR-1 phase 1 represents a high level
of ambition with regard to radiation protection during the operational phase
and the assures taken to reduce future radiation doses caused by leakage
from the repository.

On all essential points the SSI accepts the installations built above and
below the ground with the exception of the "gas discharge valves" in the silo
design. Before grouting arcund *~he waste takes place further details on this
matter must be submitted to the SSI.

The devices and arrangements designed to provide good radiation protection
for the personnel are satisfactory.

Only "operational waste" and comparable waste may be stored in this
repository.

Satisfactory methods exist for checking the activity content for the
majority c' the relevant radionuclides. Supplementary methods are required
for certain nuclides which cannot be measured in the waste containers.

It is impc tant that all waste transported to the SFR-1 has a well known
content ar-i well known properties. The SSI, together with the SKI, will
therefore .nspect all waste types which are transported to the repository.
Only such îaste types as have been approved by these authorities may be
transported down to the repository. In association with the deposition a
special register shall be maintained and the SSI shall have continual access
to this register. Using, amongst other things, this register the SSI will
keep a con inual ckeck on what is transported to the repository and how it is
distribute between the various parts of the facility. Such inspection work
covers the whole of the handling process from the formation of the waste to
the disposal in the SFR-1.

The individual doses reported by the SKB are largely in agreeinent with
those calculated by the SSI and they are acceptably low. However, the
collective aose commitment is considered to be higher than that given by
the SKB. Since they only form a small part of the collective dose
commitment from the whole nuclear fuel cycle they are therefore considered



acceptable in accordance with the SSI's assessment criterion on this point.

There are always uncertainties associated with dose calculations of the
type which have been carried out. Furthermore, advances are always being
made on modelling and on knowledge concerning the parameter values. This
improved knowledge will make it possible, for example, to avoid pessimistic
assumptions. At least once every ten years the SKB should make new updated
calculations of the environmental consequences and these should be submitted
to the SSI for consideration. This calculation work can also form the basis
for future assessment of the sealing of the repository.

It is not expected that the SRF-1 facility will give rise to any
appreciable releases of radioactive substances in comparison with other
permitted releases from the nuclear fuel cycle. For example the release of
the long-lived radioactive substance carbon-14 is only about one per cent
of the corresponding releases from the operation of nuclear power stations.
The releases which take place prior to the sealing of the repository must
be included in the releases from the Forsmark reactors and they shall be
checked in accordance with the same principles as the releases from the
nuclear power station.

At the Forsmark power station there is an environmental inspection
programme which is such that it can also include releases from the SFR-1.
The SSI considers that the review of the inspection programme which is
regularly made in cooperation with the National Environmental Protection
Board is sufficient to take into account any possible releases from the
SFR-1 during the operational phase.

The decision

In view of what has been stated above &nd the analysis presented in the
SSI's Assessment Memorandum (SSI 88-05) the SSI gives its approval for the
Swedish Nuclear Fuel and Haste Management Co to put into operation its final
repository for reactor waste (SFR-1) phase 1. This approval applies with
the following conditions for the operation:

- that the waste to be disposed shall be approved by the SKI and the SSI
in accordance with the guidelines drawn up jointly by these authorities,

- that a record of the waste disposed shall be kept in a special register
approved by the SSI,

- that unless a special investigation of this matter has been made by the
SSI, the total activity must not exceed that specified in the final
safety report,

- that at least every tenth year up to the time when the repository has
been finally sealed the SKB shall submit to the SSI an updated analysis
of the environmental consequences of the SFR-1,

* that for assessment from the point of view of radiation protection the
SKB shall submit a new specification for the design of the top of the
silo at least one year before the silo is full,



- that cessation of drainage pumping and the sealing of the repository,
apart from the grouting or its equivalent which has been described in the
safety report and approved by the SSI, must not be carried out until an
application to do so has been submitted by the SKB and the application has
been approved,

- that the releases from the operation of the SFR-1 shall be checked in
accordance with the special intructions and included in the computation
of the releases from the Forsmark power station.

Furthermore, the SSI, with the authority given to the SSI by the Radiation
Protection Act will issue the detailed radiation protection instructions and
other conditions and limitations which are motivated by radiation protection
considerations.

The conditions and instructions required on the grounds of safety in
accordance with the Act on Nuclear Activities will be issued by the SKI.

In the final handling of this matter the following persons have
participated in addition to the Chairman who signed this document: members
of the Board Hambraeus, Edström, Hörntänder, Persson, ffangby; and the
following persons were present: trade union representatives Bergman and
Ehdwall, Departmental Head Snihs and Curt Bergman who presented the matter
to the Board.

Gunnar Bengtsson
Curt Bergman

Appendix: Assessment Memorandum SSI 1988-05

Copies to: The Ministry of Environment and Energy,
The Swedish Nuclear Power Inspectorate,
The Swedish State Power Board, Forsmark Power Station.



Translation

1988-04-26 Document No: 833/343/87

The Swedish National Institute of Radiation Protection (the SSI)
The Nuclear Energy Section
Gunilla Lindbom

Radiation protection instructions for the SFR-1 phase 1

Nith the authority given by Paragraph 5 of the Radiation
Protection Act, the SSI issues the following instructions for SFR-1
phase 1, for which the SSI has issued permission for operation in
accordance with the decision of 30th March 1988.

1. The SSI's instructions on the limitation of releases of
radioactive substances from nuclear power stations (SSI FS
1983:5) shall apply where relevant, the releases from the SFR-1
phase 1 shall thus be included in the total releases from the
Forsmark nuclear power station.

2. Handling routines for dealing with releases of radioactive
substances to water shall be presented to the SSI for
approval as soon as possible.

3. The SSI's radiation protection instructions for the Forsmark
nuclear power station shall be applied.

Nith regard to medical examinations, the SSI's instructions
concerning medical examinations for radiological work (SSI FS
1981:3) are applicable.

4. The instructions which are essential from the point of view of
radiation protection shall be included in the operational
handbook for the SFR-1. This operational handbook and any
changes or additions made to it shall be supplied to the SSI
for their information. These instructions shall be approved
by the person appointed to be responsible for the radiological
work at the Forsmark nuclear power station,

5. Reports which in accordance with the STF shall be supplied to
the SKI shall also be supplied to the SSI.

6. Before any waste is disposed of in the storage facility it
shall be type-approved by the SSI and the SKI in accordance
with the guidelines drawn up jointly by these authorities.

7. The stored waste shall be recorded in accordance with the
"SFR-1 - Waste Register" as described by the SKB.

8. Any occurrences and observations which can be of significance
from the point of view of radiation protection shall be
reported to the SSI.

The SFR-1 must also comply with any additional conditions and
instructions which may be issued by the SSI.



Translation of Chapter 4

4. SSI'S VIEWPOINTS AND EVALUATIONS

4.1 Introduction

Very extensive material has been submitted as the basis for SSI's assessment.
In addition to the safety report consisting of a total of eight files and
containing the SKB's summary and assessments and detailed system
descriptions, the main factual basis is in the technical background
reports to which the safety report refers. These background reports vary
considerably in character from scientific papers to pure consultancy
reports, under the control of the SKB, and internal SKB documents. It may
therefore be difficult always to know which conclusions in a background
report the SKB wholly support and which detailed data such as parameter
values the SKB have chosen to use. Furthermore, it is not always clear from
the safety report itself. A number of background reports which were essential
for the Institute's assessment were not available until the end of the
assessment period and this was very unsatisfactory. In addition, the
structure of the safety report was not clearly arranged in the way
which would have been desirable These viewpoints have been also been
expressed, for example, by the Technical Research Centre of Finland (the
VTT) in their assessment on behalf of the SSI of certain sections of the
report. Due to these factors, the work of the authorities has beer,
unnecessarily arduous.

In what follows the National Institute of Radiation Protection (the SSI)
gives comments and viewpoints on the sections of the safety report which
the Institute regards as essential from the point of view of radiation
protection or where the the analysis has shown deficiencies, weaknesses or
other factors which the Institute wishes to point out.

4.2. The basis for the assessment

The radioactive waste which, according to the proposal, will be
transported to the SFR-1 is of the type normally classified as low-level and
intermediate-level waste. The SFR-1 will also receive for final disposal
waste from medical care, research and industry; i.e. waste from work not
associated with nuclear power. As concerns the activity, it will be dominated
by operational waste from nuclear power reactors so that the waste from work
not associated with nuclear power will not have any appreciable effect on
the consequences of SFR-1 either in the short-term (questions of
occupational exposure) or in the long-term (environmental impact)
perspective. The waste in SFR-1 will not contain fissile radionuclides to
such an extent that they can constitute any risk for criticality or be of
any interest for enrichment.

The scope of the responsibility of the SSI covers both questions of
occupational exposure and questions involving protection of the general



public and the environment when it concerns the effects of ionizing
radiation from radioactive substances.

The questions concerning occupational exposure are kept under observation
by preliminary assessment of the handling operations involved and the
systems involved, but primarily by means of inspections of the installation
when operation has commenced. Protection of the general public and the
environment is affected by the releases which may occur from the
installation during the operational phase and the outward leakage after it
has been finally sealed. During the operational phase it is possible in
principle to influence the release situation by means of various active
measures. After the installation has been finally sealed this possibility
has for practical purposes ceased to exist although in principle it is
always possible via new tunnel? to obtain access down to the repository
spaces and to apply measures there.

There are well-founded international recommendations for the occupational
exposure, principally those of the Internation Commission on Radiological
Protection (ICRP), and an international system of rules including
permitted radiation doses. These rules are well-known to the applicant and
they have also been taken into account in the design of the installation.
With regard to the permitted radiation doses to the general public, the
international system is not as clear. Certainly the ICRP has recommended a
maximum limiting value for individuals in the general public, but there are
no guidelines to say how this upper limit is to be applied when it concerns
radioactive waste which not only gives a radiation dose to our generation
but above all can give a radiation dose to coming generations.

The main basic assumptions on the environmental effects taken as the starting
point by the SSI are as follows:

1 All individual radiation doses, regardless of whether they are
caused in the near or the distant future, shall be lower than the
values regarded as acceptable planning values for other stages in
the nuclear fuel cycle.

2 In these assessments, it is essential to take into account the
accumulation of ^dioactive substances in the biosphere which may
be caused by releases in the distant future.

3 In the assessment of radiation doses which are so low that there
is no risk of acute effects, and for which there is a very low
probability of their occuring, the SSI considers it to be
reasonable to use the product of the probability and the dose as
the basis for the assessment. This situation is applicable, for
example, in the case of extreme occurrencies.

4 The collective dose from the waste management and the waste
storage shall not appreciably change the dose situation for the
whole nuclear fuel cycle.

The total radiation dose from the SFR-1 for all future years, i.e. the
collective dose commitment, can be divided into two parts, one which arises
in connection with the waste management during the deposition period and



one which arises from doses occuring as a result of leakage subsequent to
the sealing of the installation.

The first contribution is easy to estimate since it is primarily a question
of the external radiation from the waste packages which are handled. The
other contribution, on the other hand, is determined by a number of factors
for which the values are uncertain in many cases. This is the case, for
example, for the geological delays which are achieved for the various
radionuclides during their tranport and for how they are bound to sediments
in the sea or in lakes subsequent to leakage.

Since it has not always been possible to make realistic calculations of
the collective dose commitment, the SKB has made no attempt to carry out
true optimization. Instead, they have adopted barriers in such a way that ic
is considered that the radiations doses from the deposition are so low that
the radiation protection authorities can accept these doses with a good
margin.

In the assessment of the other stages in the nuclear fuel cycle, the SSI
requires an optimization of the radiation protection measures with the
meaning presented by the ICRP in their Publication 26, i.e. so that it can be
shown that the radiation doses can not be reduced further with reasonable
measures. One assumption if such an optimization is to be meaningful is that
it must be possible to make a realistic calculation of the difference in the
resulting collective dose commitment resulting from different final disposal
alternatives.

The SSI finds that no realistic assessment has been made of the collective
doses as a function of time for the leakage from SFR-1. Those which have been
made are such that it is not possible to use these as the basis for an
optimization of the total system. Although the SSI has not made it a
requirement that the SKB in the planning of the final storage should carry
out a total optimization of the installation, the SSI can nevertheless have
viewpoints concerning partial optimizations, i.e. optimization of parts of
the disposal system. This is also in accordance with the ICRP's guidelines
concerning the assessment cf the radiation aspects of the final storage of
radioactive waste.

4.2.1. The basis for the assessment of the doses to indivividuals
in the critical group

For the individuals belonging to a so-called critical group the annual
radiation dose must not exceed 1 mSv. This is an upper dose limit for the
total radiation dose from all sources of radiation which can be checked and
controlled via regulations and instructions (natural radiation and
radiation doses to patients from medical examinations and treatments are
thus excluded). For nuclear power stations the SSI has specified a guideline
value of 0.1 mSv per year for planning and has stated that 0.5 mSv during one
year ought not to be exceeded.

With these dose limits there is a good margin for the contribution made by
other sources of radiation to the total dose which must not exceed 1 mSv
per year in accordance with the above. This conclusion applies both with



regard to the radiation doses which are caused locally and to those which
are caused globally, i.e. far beyond the boundaries of our own country. In
the global perspective there must be a good margin when it concerns doses to
the individual in order to allow for other sources of radiation. The
estimated doses to the individual in connection with the SFR-1 are such
11-at they do not make any appreciable contribution to the global individual
dose and thus they fulfill the conditions in paragraphs 19:29 - 19:32 in the
reconmendations issued collectively by the Nordic radiation protection
authorities "Report on the Applicability of International Radiation
Protection." The global individual dose contribution is therefore not
analysed furthr-,

4.2.2. The basis for the assessment of the collective dose

The total health consequences (the "detriment" of thr activity in the
terminology used by the ICRP and by the SSI) of the method described for the
deposition of waste is regarded as being proportional to the total collective
dose equivalent from the waste disposal. In order not to change the pattern
of consequences for the whole fuel cycle the collective dose commitment from
the SFR-1 should only be a small part of the total dose commitment for the
whole fuel cycle.

Special problems arise here since the waste contains small quantities of
radioactive substances with long half-lives. This implies that the
collective dose commitment may be large without any individual receiving
appreciable doses.

If a corresponding calculation of the detriment were to be made for
deleterious non-radioactive substances such as mercury, cadmium or arsenic,
the summing of the potential possibility of injury would give an extremely
high detriment.

The SSI considers it to be reasonable in the case of the SFR-1 to use an
integration period of 10,000 years in the calculation of the collective
dose comnitment. There are several reasons for this. One is that after
10,000 years the activity will have decayed to such an extent that the
calculated dose commitment per year and per generation is much less than
for the period before 10,000 years. A se-ond reason is that 10,000 years is a
normal interval between ice-ages in Scandinavia (an ice-age can completely
change the basis for the calculations). A third reason is that because of
uncertainties in the basis for the calculations, the errors in the
calculations are so large that the predicted value can hardly have any
great significance.

4.2.3. Assessing scenarios

When scenarios for different cases are being selected, thie SSI aware of the
fact that it is possible, if many pessimistic assumptions are piled up, to
construct scenarios which may result in radiation doses exceeding the design
values used by the SKB. The reason for this is that it is impossible with
absolute certainty to exclude either improbable situations, for example the
water-flow through some part of the repository site increases dramatically,



or a combination of improvable situations and occurrences. Furthermore, it is
impossible to apply scientific methods to statistical analysis of this type
of improbability when little or nothing is known of the causes of these
situations and there is no previous experience providing a supporting
statistical material.

In such a situation it is necessary to be careful, or even very careful.
However, there are limits for the improbability of situations and for the
number of consecutive improbable situations which should be taken into
account. The final result of paying excessive attention to improbable
situations is that no solution is acceptable. In the view of the SSI, it is
necessary for the authorities in their assessment work to do their best to
make realistic judgements and in a clear and lucid manner to explain the
uncertainties which exist and the margins of safety which have been adopted.

4.3. Choice of site

The topographical variations in northern Uppland are relatively small and
in principle the region can be regarded as a peneplain, i.e. slightly
undulating terrain formed by erosion. Within the area around the Forsmark
power station the ground level varies between one and five metres above sea
level. There are lakes and marshes in the surroundings. In general it can
be said that the ground in the Forsmark area has a slope of between two and
three parts per thousand towards the north-east. The SGAB (Sveriges
Geologiska AB) has previously carried out investigations concerning the
bottom of the öregrundsgrepen Bay. The rock is characterized by a
relatively uneven surface covered by morain with a thickness of between 4
and 14 metres. Some small areas are covered with glacial clay with a
thickness of up to four metres. There is no bare rock in the area
investigated.

The bedrock in the SFR-1 area has a complex structure. The bedrock is cracked
with a block pattern. Tectonic processes have resulted in the bedrock in some
places breaking up and crush-zones have formed. The largest of these in the
area, the Singö Line, was passed without difficulty when building the
access tunnels to the SFR-1.

In their analysis, the SKI has analysed the geological conditions and on
this point the SSI does not make its own assessment but with reference to
the analysis made by the SKI the SSI can state that the bedrock, in
comparison with the assumptions made in the preliminary safety report, is
sufficiently good.

4.4. The design of the installation

4.4.1. The above-ground section of the installation.

The section of the installation above the ground (apart from the
ventilation building discussed later) will provide for the personnel and
administrative requirements, the facilities for service and maintenance of



vehicles and for the reception, checking and interim storage of waste until
it is transported down into the repository.

The terminal building and yard outside it form the site where radiological
work is carried out. This site shall be classified in accordance with the
relevant nuclear power norms.

The filled waste transportation containers which are stored outdoors shall
be clearly marked in order to prevent persons unnecesarily spending time in
their vicinity.

Filled containers which are sensitive to temperature, weather and wind
shall be placed inside the terminal building, e.g. the concrete tanks with
dewatered ion-exchange resins.

When service is to be carried out in or on the terminal, a check shall be
made that the dose-rate is sufficiently low in the area involved.

Personal dosimeters shall be worn by all personnel who enter areas
classified with respect to the radiation environment.

When the personal dosimeters are not in use they shall normally be kept in
special compartments in the administrative building at the SFR.

The SSI is of the opinion that the design and function of the above-ground
section of the installation are such that it can fulfill che radiation
protection requirements specified by the Institute.

4.4.2. The underground section of the installation

The purpose of ';he underground installation is to form the containment for
the SFR-1 in which low-level and intermediate-level reactor waste will be
stored. The underground spaces provide corranunication, final storage and
service facilities. The rock serves as a stable *nd safe shell during the
construction and operating phases and it forms a barrier preventing the
spreading of radioactive substances during the storage phase. The barrier
properties are being analysed by the SKI.

In the choice of position and layout of the SFR-1, the long-term stability
and the geotechnical properties of the rock hav; been taken into account.
This Institute considers that, as a whole, sufficient measures have been
taken to limit the consequences to those who work there and for the
environment both during the constructional phase and during the operational
phase. The underground installation fulfils the functional requirements
well.

4.4.3. The silo

The main function of the silo 1, designation IS, is to provide space for
final storage of intermediate-level waste and a barrier preventing speading
of radioactive substances to the environment. More than 90 per cent of the
activity in the SFR-1 will be stored in the silo.



By the choice of position of the 3ilo in relation to the crush-zones in the
rock it has been possible to avoid the silo being in a weakness zone. The
structural parts of the construction are based on solid rock and ':he
material has been selected so as to provide long-term stability. With the
aim of reducing the amount of space around the waste, since this can cause
deformations in the silo so that the bentonite barrier would becom
damaged, the SKB has stated that solid material will be cast round the
waste containers.

The SSI considers that the main function is well fulfilled. A detailed
analysis of the barrier function is being carried out by the SKI.

Spaces protected from radiation have been built in the loading tunnel and
in the loading area for inspection, maintenance and service. Furthermore,
measures have been taken so that in case of accident it is possible to take
care of the waste and to decontaminate the area. On this point too it is
considered that the preparatory measures are sufficient.

4.4.4. Underground spaces for intermediate-level waste, BMA.

The main function of the underground space for intermediate-level waste is
final storage of waste with considerably smaller amounts of activity than
that in the silo, although not so low that the waste can be handled without
radiation protection shielding.

Since all the waste is first enclosed in various types of packaging and
since it is surrounded by built-up flocrs and walls with good long-term
stability, the requirements that a barrier must exist preventing the
speading of radioactive substances to the environment is also fulfilled.

The waste for which final storage is provided in the BMA varies in shape
and size. In order to be able to reduce the empty spaces and to increase
the stability of the underground spaces, it will be possible to grout solid
material around the waste. This Institute regards this as a physical
reinforcement of the structure and not as a further barrier. This will be
considered further by this Institute in connection with the sealing of the
repository.

4.4.5. The underground room for low-level waste, BLA

The main function of the underground room for low-level waste is to form
the final storage for containers with wastes such as compacted trash waste,
scrap and ashes.

This underground room includes spaces and equipment for inspection,
maintenance and dealing with possible incidents. In this case too it is
technically possible to fill in the spaces around the containers.

The underground space has a concrete floor. The walls and ceiling consist
of rock walls with sprayed-concrete. The SSI is of the opinion that this
barrier for the prevention of the spreading of radiation substances is
sufficient for the waste which will be disposed there.



4.4.6. The underground rooms for concrete tanks, BTF.

The main function of these two rooms is the final storage of concrete tanks
containing dewatered ion-exchange resins and sludge.

As in the case of the BLA, concrete floors and rock walls in the BTF are
coated with sprayed-concrete.

The SSI is of the opinion that the BTF is also suitable for the interim
storage of other waste containers during short periods.

4.4.7. The ventilation installation

The ventilation installation consists of three ventilation buildings
containing two ventillation systems, one for the storage section and one
for the building section.

The purpose of ventilation building 1 (1 VB) is to provide the ventilation
for the operational section, the building section and its own building. It
also houses a switch-gear room a battery room, a control-room and various
tank-rooms.

Ventilation building 1 belongs to the above-ground section and it is
positioned above the tunnel entrance. This building lies outside the
section of the installation which from the radiological point of view is
classified, but it contains the monitoring system for releases which is of
great importance from a radiological point of view.

In the 1 VB there are duplicated main fans for the supply air and exhaust
air for both the operational and the storage sections and for the building
section. The storage section ventilation system supplies air to the lowest
part of that section. The air then flows freely through the tunnel system
back to the tunnel entrance where it is evacuated via the exhaust fan. The
presence of any radioactive substances in the exhaust air is checked by
means of a monitoring system.

The 1 VB well fulfils the functional requirements and it is well prepared
in case greater capacity is required.

Ventilation building 2 (2 VB), which is situated down in the rock in the
vicinity of the "square," contains operational section auxiliary fans for
the exhaust air. These have the function of maintaining a pressure below
the outside air pressure in the storage sections so that any leakage does
not spread activity to the surrounding spaces.

In the 2 VB there is also a collection chamber for the exhaust air and space
is provided for possible future installation of an absolute filter.

Since the waste is well packaged, there will be no loose activity in the
SFR-1. This means that in normal cases the spaces in the SFR-1 need only be
classified with regard to the dose-rate.

The SSI shares the opinion of the SKB that no absolute filter is necessary,
at least during the initial phase, since the waste is well enclosed and in



most scenarios incidents with dropped waste packages does not result in the
spreading of any activity.

Ventilation building 3 (3 VB), as in the case of 2 VB, is situated down in
the bedrock in the vicinity of the "square." 3 VB contains the supply air
fans and equipment for the operational section and the associated apparatus
and rooms for electrical gear. The operational section supply air fans
together with the exhaust fans are responsible for maintaining a pressure
above ambient pressure on the staircases, step-overs and communication spaces
so than any incidents will not spread activity to these spaces.

The SSI considers that all the ventilation buildings have been given
sufficient space with good facilities for being changed to suit new
circumstances. For the most part the SSI shares the assessment of the
ventilation system produced by PRIM-Consult in their assessment report (see
section 3.1 - not included in this translation). Further comments are also
given in sections 4.6 and 4.7

4.4.8 Other spaces

A common feature of the operational building (DB), the electrical building
(EB), and the maintenance building (UB) is that the dimensioning radiation
source is the load on the terminal vehicle when it passes the various
buildings. The walls towards the central tunnel have been so dimensioned
that they serve as radiation protection shielding.

Apart from this the buildings can be regarded as non-classified areas in
which no radiological control is required.

In the opinion of the SSI, all of the buildings are of suitable size and
preparations have been made so that if incidents occur and if reclassifi-
cation should become necessary due to contamination, they will function
satisfactorily.

4.5. The source term

Although formally this assessment only concerns SFR-1 phase 1, the source
term applies to all waste which will be disposed of in the SFR-1 including
a possible future phase 2.

4.5.1. Haste included

The only waste which shall be finally stored in the SFR-1 is so-called
operational waste from Swedish nuclear power reactors, from the CLAB and
from Studsvik. Operational waste means all waste which occurs during normal
operation but not waste from decommissioning of the nuclear power stations.
The SSI consider that there is no clear and unambiguous distinction between
what is operational waste and what is decommissioning waste. The normal
maintenance of a nuclear power station includes the routine changing of
components which become worn or which must be replaced for other reasons.
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Insofar as this concerns small component» such as pumps, pipes, individual
small tanks etcetera the SSI considers that this can be regarded as normal
operational waste. However, when it is a question of one-time discarding of
very large components such as the replacement of steam-generators, as is at
present planned for Ringhals, the SSI is doubtful whether this can be
classified other than as decommissioning waste. This applies principally to
the component (the steam-generator) as such and not its content of
radionuclides (the radionuclide content consists of crud and it is
therefore the same as that which occurs in the case of normal operation).
The secondary waste which occurs can therefore be regarded as operational
waste. The SSI intends to give this matter special consideration.

Another borderline case is the waste which occurred in connection with the
decommissioning of the R-l reactor at Drottning Kristinas väg in Stockholm.
Clearly this is decommissioning waste in the sense that it arose due to the
decommissioning of a nuclear power reactor. However, this is not waste of
the kind which the SKB meant in their description of the waste which would
be transported to the SFR-3, i.e. decommissioning waste from large power-
producing reactors. Such waste contains materials with a composition
differing essentialy from operational waste and it also contains a larger
proportion of long-lived radionuclides. The activity content in waste from
the decommissioning of the R-l reactor is small and the material is
relatively similar to that which arises in operation with a few
exceptions. These are principally 52 tonnes of graphite containing, among
other things, 40 GBq of carbon-14, an aluminiun-encapsulated block of
paraffin wax, and one tonne of cadmium sheets. Due to their being different
types of waste, these three items of waste are not such that the SSI will
consider it to be waste which is covered by the Government's licence for
the SFR-1.

Furthermore, waste from the reactor core with an activity-content
appreciably differing from normal operational waste is not included.

The SSI will make a thorough inspection of the waste which will be
transported to the SFR-1 also against the backgound of the fact that it is
such as is intended for the SFR-1.

In accordance with the agreement between Studsvik and the SKB, which has
been considered by the Government without adverse comment, the S^R-l will
also accept for disposal such wastes from Swedish hospitals and
universities as is suitable for this final storage. The SSI considers that
this is correct.

4.5.2. Estimated quantities.

Naste to be depositied in the SFR-1 consists both of the existing waste
described below and of that which will be produced during the period up to
the cessation of the Swedish nuclear power programme in the year 2010.

The volumes of the existing waste at the nuclear power stations are well
known. Furthermore, there is a sound basis for prognoses of the future
volumes provided that the operating conditions of the reactors are not
seriously disturbed by factors such as a large number of cases of damaged
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fuel or ether occurrences which gives rise to large volumes of waste. The
estimate is based on operation up to the year 2010. An earlier cessation of
nuclear power production implies a reduction in the quantities of waste.

The nuclide contents of gamma-emitting substances is well documented in the
routine measurements which are made on all waste produced. However, there
are reason? for making a general check on these, this is partly because
of the differences that have been found when individual checking
measurements have been made. The nuclide inventory which the SKB has
calculated in this way (Table 4-1) has been made to provide a good margin of
safety as long as no unexpected operational conditions occur at the nuclear
power stations. The inventory for certain radionuclides which are difficult
to measure is dealt with separately below.

The waste from Studsvik is not as well documented as that from the nuclear
power stations with the result that the prognoses for the Studsvik waste are
somewhat less accurate. However, this forms only a minor part and with the
exception of a few nuclides it does not affect the total picture.

4.5.3 The inventory of significant radionuclides.

Cobolt-60 and caesium-137

Initially, these two radionuclides dominate the activity content of the
SFR-1. During the operational phase the external radiation is wholly
dominated by cobalt-60. In certain scenarios they may also give significant
contributions to the individual doses in the critical group.

Cobalt-60 originates from corrosion in the structural materials and the
activity in this material can be predicted with good accuracy. The amount
of caesium-137, on the other hand, is greatly dependent of the number of
leaking fuel elements. Thus the estimated quantity depends on the future
status of the reactor core. For this reason the SKB has assumed a greater
frequency of leaking fuel than has actually occurred. A direct
extrapolation of the quantities now formed gives a total activity which is
five times greater than that assumed in the final safety report.

The inventory of these two radionuclides is very easily determined by the
use of gamma-spectrometric measurements made directly on the waste
packages and these measurements will be made on all waste which is to be
disposed at the SFR-1. In this way it is possible at all times to keep an
accurate record of the quantities of cobolt-60 and caesium-137 and how
they are distributed in the various parts of the repository.

Strontium-90

As in the case of caesium-137, strontium-90 in the reactor waste
originates from leaking fuel. However, it differs from caesium in that it
cannot be detected in the conditioned waste since strontium-90 only emits
beta radiation. However, analyses of strontium-90 are routinely made on
the reactor water. A survey of these analyses has shown that the
strontium-90 content is normally well below 1 per cent of that of caesium-
137 and in occasional cases a few per cent. The SKB has estimated the
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strontium-90 content by assuming it to be 5 per cent of that of the
caesium-137 and this probably gives a considerable overestimate of the
strontium-90 content. However, it is necessary to continue to follow up
this matter, principally via the analyses which are made of the reactor
water.

Carbon-14

Calculations show that with the assumptions made in the final safety
report the collective dose commitment due to the leakage from the SFR-1 is
dominated by the contribution from carbon-14. There is therefore good
reason to make a closer study of the source term for the carbon-14
transported to the SFR-1, both that from research work in which substances
marked with carbon-14 are used as tracers and that from the operation of
nuclear power stations. The waste from research work etcetera is collected
by Studsvik. In the report Nti 85/1064 Studsvik estimates the annual
contribution to be less than 10 GBq. This is in agreement with the SSI's
estimates which are based on the quantities purchased (information from
trading companies). Studsvik estimates the total amount of carbon-14 '
delivered to the SFR-1 to be 1700 GBq. This is of the same order of
magnitude as the SKB estimate of the amount delivered to the SFR-1 from
the nuclear power stations.

In the nuclear power stations, carbon-14 is produced principally by
reactions with the oxygen in the reactor water. The quantity formed is of
the order of 500 GBq per GW-year electical power produced. It is generally
accepted that most of this, 99 per cent according to the VTT studies, is
released to the environment via the ventilation system during operation.
Of the carbon-14 which is retained in the ion-exchange resins, the greater
part is released in connection with the heating of the ion-exchange resins.
This heating takes place both at Forsmark and at Barsebäck. Thus it is
only a small part of the carbon-14 which is transferred to the waste and
deposited in the SFR-1. However, there are very few measurements on how
the carbon-14 is distributed (air release via the stack, diffuse leakage
and via the various types of waste). In the assessment which they made for
the SSI, the VTT, which is probably the research institute in the Nordic
countries which is most familiar with the problem, stated that the
estimate presented by the SKB appeared to be pessimistic, i.e. it
represents an overestimate of the quantity of carbon-14 at the repository.

In view of the dominant role played by carbon-14, the SSI considers that
the underlying knowledge must be improved. At a meeting at the SKB on
February 23rd, the SKB presented a preliminary account of measures to
improve knowledge on this matter. Further, during this year the SSI will
initiate research projects intended to improve knowledge of carbon-14 and
its behaviour at nuclear power stations and in the environment. However,
the SSI considers that the margins of safety adopted by the SKB in their
estimates of the quantity of carbon-14 are sufficient to cover the
existing uncertainty.
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Chlorine-36

Since the MAGRA, the Swiss equivalent of the SKB, have stated in a report
that chlorine-36 could make a significant dose contribution and since that
nuclide is not mentioned in the final safety report, the SSI have
attempted to make a rough estimate of that source term.

The origin of chlorine-36 is primarily neutron activation of the chloride
ions dissolved in the reactor water. In the Swedish reactors the
concentrations are normally less than one part per million in BWR and five
parts per million in PWR. with this as a starting point it is possible to
make a rough calculation of the amount of chlorine-36 in the waste from
the Swedish nuclear power programme and the result obtained is less than
10 GBq.

There may be higher concentrations of chlorine in the structural
materials. This means that the decommissioning waste, which to a large
extent consists of structural materials, could contain large quantities of
chlorine-36. Even if there is a certain risk that chlorine in the
structural materials can diffuse out into the reactor water, this should
not appreciably alter the total amount of chlorine-36 in the operational
waste.

Since chlorine-36 occurs in such low concentrations and since it only
emits beta radiation, it is difficult to detect. The SSI does not know of
any good measurements on chlorine-36 in operational waste. In any case the
expected quantities of chlorine-36 are so small that they cannot
appreciably affect either the individual doses or the collective dose from
the repository. However, this assessment is based on theoretical
considerations and it should be supplemented by random samples to verify
it. Such random samples should be made before a significant amount of the
waste has been deposited.

Transuranic elements (mainly plutonium)

Efter examining the preliminary safety report the SSI has commissioned an
extensive study on the contents of transuranic elements in the operational
waste. The study was carried out at the Institution for Nuclear Chemistry of
the Chalmers Institute of Technology (CTH). Since the study was completed,
Bertil Persson at OKG has proposed a way in which the transuranic
concentration could be determined more accurately by applying the results of
th« CTH study.

At a meeting at the SSI in which the SRI also participated, the SKB were
commissioned to apply these guidelines to carry out a more accurate
calculation of the transuranic content.

The CTH study indicates that the concentrations of transuranic elements
will be much lower in the waste produced (order of magnitude a factor
five) than is stated in the final safety report.

The quantities of transuranic elements in the waste, as in the case of
fission products, is greatly dependent on the status of the fuel. Since
the quantities involved are small, even isolated incidents of major damage
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to the fuel can make a significant difference to the total quantity. It is
therefore necessary even in future to pay considerable attention to this
point and when such incidents occur to investigate what effect it may
have. The SSI has several ways of obtaining information on damage to the
fuel, for example reactor water analyses and incident reports.

In view of the low concentrations which occur the SSI considers that there
is no motivation for other measures in addition to those at present in
use.

4.5.4. Haste forms

The SKB has reported the various waste forms which occur and which are
planned. As can be seen from the assessment of the preliminary safety
report, both the SSI and the SKI consider that it is important that the
waste forms which occur are such that they do not in an unacceptable way
affect the barriers of the storage facility. This implies that every waste
form must be considered and judged from the point of view of its specific
properties, a circumstance which was observed at an early stage by the SSI
and the SKI. In a common working party MAAS (the Authorities' Working
Party on waste to the SFR-1) these authorities have therefore drawn up
guidelines for the inspection and judgement of waste which will be
deposited at the SFR-1. This is documented in a memorandum dated 1982-02-
27 which, after approval by the SSI and the SKI, was presented to the SKB.
As was explained in a previous section, 1.2.2 (not given in this
translation), it is the intention of the SSI and the SKI jointly to
inspect all the categories of waste which occur before they are disposed
at the SFR-1. In this way the SSI, together with the SKI, will ensure that
no waste types which cannot safely be deposited in the SFR-1 from the
viewpoints of radiation protection and safety are allowed to be
transported there. The SSI does not consider, therefore, that there is any
reason within the framework of the assessment of the final safety report
to adopt an attitude to the types of waste which will occur. Two special
questions within the framework of the waste forms - swelling and gas
formation - are dealt with in sections 4.8 and 4.9.

4.5.5 Distribution between the various sections of the repository

In comparison with the preliminary safety report the repository has acquired
a new design. This will also result in a different distribution of the
waste packages between the various parts of the repository. However, the
plans still entail the main part, 92.5 per cent, being deposited in the
silo, 6 per cent in the BMA, 1.4 per cent in the BTF and 0.1 per cent in
the BLA. The SSI considers that this is as a whole a reasonable distribution,
but it also considers that others factors are of significance for the
distribution, for example the risk of swelling and gas formation.

In connection with the inspection of the various waste categories which
will be carried out by the SSI and the SKI, the SSI will also judge the
suitability of the placing in the various sections of the repository.
Since it is possible in this way continually to follow the build-up of the
waste in the various sections of the repository and since the SSI is able
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at any point in time to issue instructions also concerning the placing of
the waste, the SSI does not consider that there is any necessity at
present to plan this question in detail.

4.5.6 Documentation of the waste

In the final safety report the SKB has given an account of how the waste
data-base is to be used.

The producers of the waste, i.e. the nuclear power stations, CLAB and
Studsvik, shall, in accordance with current requirements from the SKI and
the SSI, keep a record of all nuclear waste which is produced in a special
waste register. When the waste is transported down into the SFR-1, the
data in the existing waste register shall be entered into a computerized
SFR-1-register. The SSI will have access to the data in this register. In
due course the SSI will issue detailed instructions concerning how this
register shall be designed and how it shall be ensured that the register is
protected from unauthorized and incorrect transfers.

As far as the SSI is concerned, the purpose of the SFR-1-register is to
ensure that the waste is transferred to the correct section of the storage
(so that the barrier functions are maintained), and with the aid of the
data in the register to be able to carry out calculations on the
environmental consequences if an accident or an incident should occur in
connection with deposition or transportation.

4.6 Fire-fighting

In the assessment of the preliminary safety report for the SFR-1 the SSI,
after consultations with the Fire-fighting Laboratory at the national
Swedish Institute for Materials Testing and others, criticized the
proposed fire-fighting system. The SKB has since revised the system talcing
into account the criticism. During 1987 the SKB reported separately to the
SSI and the SKI on the fire-fighting system.

Within the framework of the examination of the final safety report the SSI
has both commissioned an examination of the function of the ventilation
system, primarily in abnormal operating situations such as fires, and
requested a report on the Fire Brigade at östhammar concerning the fire-
prevention aspects. A brief summary of the resulting report is given in
Chapter 3 (not included in this translation).

The SSI has no reason for not sharing the view of the consultants that the
technical aspects of the functioning of the ventilation system well fulfil
the design requirements for abnormal operating situations. The criticism
made concerning the fire-hydrants has been answered by the SKB in their
document dated 1988-02-22. Amongst other things, the SKB maintain that
water is necessary for cooling in many fire-fighting situations, that the
personnel, who according to their instructions will only be involved in
the fire-fighting at a very early stage, will also have access to hand-
held extinguishers and that the fire-fighting personnel from the Forsmark
Nuclear Power Station will bring with them a fire-engine equipped with
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foam devices. The SKB therefore consider it unsuitable to replace the fire-
hydrants with foan-cannons. The SSI shares the view of the SKB that it is
necessary to have water available and that the fire-fighting personnel
will have access to the fire-fighting equipment they require. The fact
remains, however, that in some cases water as an extinguishing medium can
make the situation worse instead of better. This must be solved by the SKB
giving thorough training and information to all personnel who have duties
in the SFR~1 involving fire-fighting concerning the way in which it shall
be carried out and, at least as important, how it shall not be carried
out. The SSI considers that the fire-fighting principles are correct and
that the technical aids, including the ventilation system, are of a
sufficiently high standard.

4.7. Radiation protection during the operational phase

4.7.1. Introduction

All waste which it is planned shall be finally stored in the SFR-1 will be
conditioned and matched to the final storage even before it is transported
to the repository. This means that the requirements that the properties of
the waste packages as regards ease of handling, retention of
radionuclides in case of abnormal occurrencies, dose-rate, surface
contamination etc, shall be fulfilled where the waste is produced.

The handling at the SFR-1 will not differ significantly from the handling
of conditioned waste at the nuclear power stations or at Studsvik.

However, the large quantities of waste which will be transported to, and
stored at, the SFR-1 have resulted in many cases in the design being more
advanced with a greater degree of radiation protection and an increased
use of remote handling and automation in comparison with the power
stations.

4.7.2. The dimensioning of the radiation protection barriers

The 3im in the dimensioning of the radiation protection barriers at the
SFR-1 has been to limit the average personnel dose to less than 1/10 of
the annual dose limit of 50 mSv. According to the SKB the various sections
of the storage are dimensioned for the following maximum values of the
surface dose rates for individual packages.

Silo 500 mSv/h
BMA 30 mSv/h
BTF 10 mSv/h

It is mostly whole containers which are handled in the BLA. These shall
fulfil the dose requirements of the IAEA transport regulations (surface
dose-rate 2 mSv/h).

The handling methods and the dimensioning of the radiation protection
barriers involving the protection of the personnel have been examined by
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the SSI with the given maximum values as starting point.

Nuclide proportions of 50 per cent Co-60 and 50 per cent Cs-137 have been
assumed in all the calculations and the SSI considers that this is a
conservative assumption for the dimensioning. The SSI has therefore no
objections to the dimensioning of the radiation protection barriers made
by the SKB.

4.7.3. The radiological environment

The terminal buildings and the central tunnel roads with their adjoining
storage spaces will be an area with classified zones. According to the
SKB/ all of the spaces in the classified areas, outside the actual storage
areas, will be given class 1 (blue zone) with a dose-rate le~«l of less
than 0.01 mSv/h. This classification only applies during "storage*
situations, i.e. when no waste is being transported into the installation.
When waste transport into the installation is in progress locally
increased radiation levels may be experienced. There will be an alarm
system which will indicate when transport of waste into the system is in
progress.

Different classifications for the terminal building will also te applied
depending on the goods present there at the time.

During normal operation there will be no free activity (free
contamination) in the repository.

If some incident occurs resulting in the release of radioactive material,
spreading can be limited by applying prearranged decontamination measures
and by shutting off the supply air to the space concerned so that reduced
pressure is achieved. To prevent the spreading of radioactive material all
personnel shall always pass through a frame monitor when leaving the
repository.

Further, there are local step-overs prearranged in the junction roads to
all of the underground rooms and the silo. In addition, there is a central
step-over in the operational building. Close to this step-over there is a
coarse monitoring frame which has to be passeu.

The SSI considers that The SKB'a measures to create a sound radiological
environment for the work in the SFR-1 well fulfil the general radiation
requirements which have been specified for this work. However, it is the
intention of the SSI to keep a close check on the developments in this
field.

4.7.4. Internal transport and package handling

Waste for interim storage in, or adjacent to, the terminal building will be
transported from the above-ground section to the underground section.
Depending on the type of package which is to be transported, this
transport is carried with a combination of diesel-powerei and electrically
powered terminal-vehicles (which can be unmanned), or a diesel-powered 25
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ton truck with a semi-trailer.

At the entrance to the transport tunnel the terminal vehicle changes from
diesel power to electric power. The 25 ton truck, which will also be used
for reloading down in the repository, is always diesel-powered.

All handling of waste in the silo and the BMA will be carried out using
remote control from the operations centre. Control and supervision can
also be carried out from local control-rooms associated with the storage
spaces concerned. For storage of types BTF and BMA deposition also takes
place with the aid of the 25 ton truck mentioned above.

Regarding the radiation protection of the drivers of these vehicles, the
radiation protection of the driver of the terminal vehicle has been
considered and approved in connection with fuel transportation using an
identical vehicle.

The radiation protection barrier for the driver of the 25 ton truck has
been so dimensioned that the dose-rate in the cab will not exceed 0.02
mSv/h when the load is in the least favourable position from the point of
view of radiation protection and with a maximum permitted surface dose-
rate of 10 mSv/h for the package.

The SSI considers that the SKB's choice of system with remote control and
truck handling is an advantageous method of dealing with the handling from
the point of view of radiation protection.

4.7.5. The total dose to the personnel

The arrangements which have been made in the repository with primarily
remote-controlled handling imply that in normal working there are few
handling operations which require work to be done manuallly. In this way
the personnel doses from the handling are low. It has been judged that the
types of work which involve the largest doses are the loading into the
BTF and the transportation of waste with the terminal vehicle. Both these
types of work are estimated to give a total of about 15 mmanSv/year. This
will be further reduced if the terminal vehicles are operated by remote
control to a large extent. Other types of work which can be regarded as
normal working have not been specified by the SKB but they are estimated
to give a total of 10 nnanSv/year. The total collective dose for all the
work at the SFR-1 therefore amounts to 25 mmanSv in one year.

The SSI considers that the estimated collective dose includes a high
degree of conservatism (pessimism) . It has been assumed that all the
packagings handled will have the maximum surface dose-rate. Furthermore,
the fact that the terminal vehicle can be remotely controlled has not been
taken into account. The SSI considers that the collective dose caused by
the handling work at the SFR-1 should be less than that estimated above,
which in itself is a low value.
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4.7.6. Incidents

Different type of breakdowns and incidents can occur in the installation
during its operation. The SKB has analysed many of these and found that
none of the occurrences analysed leads to serious consequences for the
personnel. The SSI has examined the SKB analyses and has no objections.
Furthermore, the SSI considers that the SKB has not omitted significant
possible occurrencies in its analysis.

All transortation of waste into the repository is carried out with the
waste enclosed in some type of transport packaging, low-level trash in
standard containers and the remainder in some type of industrial
packaging, so-called waste transportation containers (Swedish designation
ATB). The more active waste is condicioned in such a way that each package
as such forms a unit with properties including the retention of good
radiation shielding even after an incident. The risk of a large quantity
of radioactive material being spread from a transport packaging is
considered to be small even if a vehicle-fire is taken into account.

Incidents involving fire in some part of the repository are in themselves
a serious occurrence but the SSI nevertheless considers that the radiation
protection aspects need not be the limiting factor for the fire-fighting
measures which are assumec1. (cf. Section 4.6).

Incidents in the handling during the time that the waste is "unshielded,"
i.e. removed from the transportation packaging, can from the point of view
of the personnel cause the most serious dose consequences. An example of
such an incident is the dropping of a package during loading. Clearing up
after such an incident is simplified by the fact that every waste package
is well defined with regard to its properties, contents, surface-dose,
etc. Furthermore, there are no forces to cause speading of the
radionuclides and, an important point, there is plenty of time to plan the
measures required to deal with the situation after the incident and to
solve the radiation protection problems and to limit the consequences to
the personnel involved.

In the safety report the SKB express the opinion that an incident of this
type can be dealt with within a collective dose of 15 mmanSv. The SSI
consider this to be a reasonable view.

4.7.7. Maintenance and service

In many cases, routine maintenance and service can involve appreciable
radiation doses. It is therefore of great importance that this is taken
into account at an early stage when an installation is being designed.

From this point of view the various lifting devices and traversing cranes
used in the handling work in the silo and the BMA are the most troublesome
items in this respect in the installation. However, the SSI can state that
the generous shielding between the storage sections and the adjacent
spaces and the facilities provided for moving the traversing cranes and
vehicles into shielded places when necessary should normally make it
possible to carry out maintenance and service in a good environment from
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the point of view of radiation protection and the resulting doses should
therefore be low. Even in other respects, the SSI considers that the SKB
has planned the maintenance and service in a satisfactory manner with
regard to radiation protection. However, the SSI will actively follow the
developments in this field.

4.7.8. Ventilation

As early as in the examination of the preliminary safety report for the
SFR-1, the SSI pointed out the risk for elevated values of radon and radon
daughters in the underground sections of the installations. In the final
safety report the SKB has made air-flow calculations not only from the
point of view of the risk for radon but also taking into account the
ventilation required for the diesel exhausts and smoke and fire-fumes.
Among other things, the recommendations of the Swedish National Board of
Industrial Safety and Health have been followed.

It is clear from the results that the critical factor in the dimensioning
of the ventilation was the evacuation of diesel exhausts and smoke and
fire-fumes. This means that in the view of the SSI the radon
concentrations will be at an acceptable level.

The radon concentration has also been checked by the SSI by means of
measurements on air sample* taken in different parts of the underground
section of the repository and these checks have confirmed the assumptions
made. The measured values for the radon concentration were in the range
<30 up to 290 Bq per cubic metre. The radon daughter concentration, which
is crucial from the point of view of radiation protection, does not exceed
50 per cent of this. The SSI therefore considers that there is at present
no reason to require further measures.

4.7.9. Uncontrolled drainage

All bedrock drainage is led by gravity to low points where there are
collection tanks. One of these is on the main level for the underground
rooms and the other is at the bottom of the silo. The upper drainage tank
forms the resevoir for fire-fighting in serious fire situations. If there
is a power failure the upper drainage tank can be allowed to overflow to
the lower drainage tank.

4.7.10. Controlled drainage

Since all waste packagings are well enclosed, no free radioactive material
is expected to occur in the SFR-1 and the need for bedrock drainage is
very limited. However, there is a greater need to deal with effluent water
if there is an incident, or a fire. Measures for dealing with major
quantities of water can then be arranged as necessary.

In the loading zone for the BMA and in the loading building for the silo
there is a collection tank (about 1 cubic metre) for flushing water and
effluent water. When loading into the various compartments of the BMA -
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and before the concrete blocks are put into place above - bedrock drainage
water which drops on to the waste packaging can carry with it any free
activity. With regard to the BMA, the drainage water from a compartment being
loaded is drained to the collection tank. There, samples can be taken and,
after approval, it can be pumped over to the normal uncontrolled drainage
system and then out.

In the case of the other underground rooms which do not have collection
tanks, measures will taken to minimize the dropping of bedrock water on to
the packagings in order to keep the drainage as pure as possible.

Since the bedrock drainage water has a high salt content, it is not
desirable to accept i. for treatment in the active waste treatment system
of the Forsmark power station. A method will therefore be developed for
treatment of any contaminated bedrock drainage. Further, a checking system
will be developed for the water released. This checking system shall be
submitted to the SSI for approval. The release limits for Forsmark will
also include the releases from the SFR-1 (the substances from the
biosphere are not included in the releases). With regard to the sanitary
drainage water, it is only the drainage water from the operational
building which is collected in the tank after which it is emptied with a
vacuum-tank vehicle. This effluent can if necessary be dealt with in the
same way as the effluent from the Forsmark power station.

4.7.11. Air sampling

The sampling equipment for airborne activity in the exhaust air duct of
the ventilation system is largely the same as that used at the nuclear
power stations.

The equipment consists of a ventilation loop and a measurement loop. The
purpose of the ventilation loop is to transfer a portion of the exhaust
air from the exhaust air duct to the measuring loop where there are
outlets for carbon filters and aerosol filters. The sampled air from the
exhaust air duct is drawn in via several tubes in order to reduce the
effect of channelling. Further, the sampling is isokinetic, i.e. the flow-
rate of the air in the measurement loop is the same as that in the exhaust
air duct.

Under normal operating conditions only aerosol filters will be used and
these will be taken out for evaluation after every collection period.
Carbon filters for iodine analysis will only be introduced if new wastt
types in the repository make this necessary. In the opinion of the SSI,
the type of packagings at present being planned do not necessitate release
checking with carbon filters.

Sampling equipment of the type used in the SFR-1 is well known and it has
been in use for many years at Swedish nuclear power stations. In the
opinion of the SSI, the requirements made for this equipment with regard
to short pipe-lengths, a small number of bends, rapid indication if there
is no air-flow in the measurement loop, etc have been satisfied in the
design of the sampling equipment at the SFR-1.
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4.7.12. Personnel radiation protection

At ».he SFR-1, the same instructions with regard to radiation protection to
the personnel shall be applied as those which are already in force at the
Forsmark power station. Amongst other chings, this implies that the
installation shall be classified into radiological zones. Within these
zones the personnel shall wear personal dosimeters. Further, the work
shall be planned and carried out in accordance with accepted optijnixation
principles (ALARA).

As has previously been reported in Section 4.7.5, the anticipated total
dose to the personnel from this work is low both as regards individual
doses and the collective dose.

4.7.13. Organ!sat ion

As owners and licensees, the SKB has the overall responsibility for the
work at the SFR-1. For operation and maintenance the SKB has a contract
with the State Power Board at the Forsmark power station. This contract
has been made available to the SSI for information. The State Power
Board's organisation for the operation and maintenance of the SFR-1 forms
a production unit (FSF) within the Forsmark power station.

Under the head of the FSF the work is divided into three sections, the
operational section (FSFD, eight persons), the maintenance section (FSFU,
eight persons) and the administrative section (FSFA, three persons). The
total personnel of the SFR-1 is thus 20 persons.

The operational section deals with all parts of the work from external
transport to grouting around the waste in the repository. The tasks of
this section also include radiation measurements and contamination
checking and also issuing job reports and radiological work permits.

The maintenance work will normally be performed by the SFR's own
personnel. Larger tasks will be carried out by personnel from the Forsmark
power station and/or by contractors.

The function of the person responsible for the radiological work at the
SFR-1 has been integrated into the organisation of the Forsmark power
station. The SSI has previously approved the scheme whereby the Forsmark
power station, on behalf of the SKB, accepts responsibility for the
operation of the SFR-1. Furthermore, it is the opinion of the SSI that the
proposed organisation and resources as regards personnel should offer a
sound basis for the maintenance of a good radiation protection standard at
the installation.

The SSI has examined a number of the submitted operational instructions
without finding reason for adverse comment. This examination work will be
continued as a natural part of the SSI's supervision of the work at the
SFR-1.

Before operation commences the operational handbook containing, amongst
other things, central operational instructions shall be supplied to the
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SSI for information purposes.

4.8. The swelling of the ion-exchange resins

In the assessment of the preliminary safety report it was found impossible to
preclude the possibility that ion-exchange resins moulded into bitumen could
swell so that the silo barriers would be destroyed in such a way that leakage
would no longer be controlled by diffusion. It is true that the SSI has also
stated that the radiological consequences of such cracking would not be
serious as concerns doses to individuals (less than 0.1 mSv/year) but the SKB
was in any case intending to make further analysis of the problems involved
before the publication of the final safety report.

Since the preliminary safety report was submitted, considerable efforts have
been made to increase knowledge of the basic questions involved, for example
the mechanism of the swelling and the swelling pressure. Further, the power
stations have increased their knowledge of their treatment processes, for
example at the Barsebäck power station they have made an extensive study of
the parameters of the bitumen moulding process both in order to further their
knowledge as to which operational parameters are significant for the swelling
properties of the bitumen-moulded waste product and in order to improve their
ability to keep the process under control. This study showed that there were
clear deficiencies with regard to the process and the control of the process.
The study carried out and the measures it led to will be reported during the
spring of 1988. Further, the Barsebäck power station has carried out studies
on the properties of their waste products with regard to swelling.

However, the improved knowledge and the improved waste products from
Barsebäck have not eliminated the risk for swelling in the repository. In
addition, there is bitumen waste which has already been produced with
properties which are not well documented. Against this background the SKB
has made some modifications to the repository and they also intend to
place a large number of low-level bitumen drums in the BMA. In order
further to reduce the risk of the silo being damaged in case of swelling,
the SKB plans to put a number of empty sheet-metal containers close to the
bitumen drums so that these can absorb the effects of any swelling. The
technical details concerning this are not yet clear. The SSI will follow
this work and issue viewpoints as necessary.

The SKI has done a great deal of work on the study of bitumen and its
swelling.

The SSI has continually followed the work which has been done and can state
that in tpite of all the efforts which have been made and the fact that the
SKB intend to place some waste in the BMA, it cannot be precluded that the
concrete shell of the silo will be damaged due to the swelling of the
bitumen. According to informal contacts with the SKI, their view is that
it is possible by checking the waste which is transported to the silo, its
placing and the introduction of swelling volume to achieve such conditions in
the silo that it would not be damaged to such an extent that the outward
leakage would te controlled by flow instead of by diffusion due to the
swelling of the conditioning material.
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As concerns the placing of bitumen drums in the silo, the SSI has no
objections in principle but states that there are certain aspects of the
strength of materials which must be taken into account since the bitumen
drums cannot withstand loads such as that of a number of concrete cubes.
The SSI will follow up this question.

Although the risks for swelling remain during the period immediately after
the sealing of the repository, and the risk for some cracking of the silo
has not been eliminated, the SSI considers that the probability for this is
low even if it is difficult to quantify. In addition, the SSI proposes
measures to reduce the risks (placing and swelling volume). The
environmental consequences of a damaged silo are strictly limited since
the outward leakage is still controlled by diffusion. Against this
background the SSI does not consider that there are reasons for opposing in
principle the deposition of bitumen. However, there are reasons for closely
following the technical details such as the placing of the bitument drums,
the design of any extra swelling volume, etc.

4.9. Gas generation in the SFR-1

In the type of waste repository which the SFR-1 represents, it is expected
that considerable quantities of gas will be generated over a relatively
long period of time. Metals such as iron corrode slowly and in this
process hydrogen is generated. Iron is present, among other things, in the
waste and in the reinforcement of the silo. Bacteriological decomposition
of the organic material in the waste may, in the oxygen-deficient
conditions which it is believed will exist, produce large quantities of
methane and carbon-dioxide; both containing small quantities of carbon-14.
Radiolysis of water and organic materials is expected to give only small
quantities of gas.

In order to deal with the issues concerning gas generation which were
raised in the examination of the preliminary safety report, the S1CB has
commissioned extensive studies. These have resulted in the view that gas
generation is not a problem for the long-term properties of the repository
for the BLA, the BTF or the BMA. For the silo certain problems remain. In
this case the SKB has presented a new solution in the final report
implying that the top of the silo will be equipped with a number of "gas
discharge valves" and that the waste in the silo will be grouted with 'gas-
permeable* concrete in order to guarantee that gas which is generated in
the repository can be led up to the top of the silo and there be led out
to the surrounding bedrock. As far as the SSI is aware, this type of
design has not previously been used. Further, there remain a number of
unanswered questions concerning the gas discharge valves. In view of the fact
that a long time will pass before the silo is sealed and that rough
calculations show that even without a silo top with "gas discharge valves"
(completely open top) the dose consequences in the environment are not
notably high, (order of magnitude 0.1 mSv/year), the SSI does not consider
that this question needs a final solution before the installation is put into
operation.

The question concerning the grouting concrete is more problematical since
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it must be solved before any considerable deposition can be made. The
grouting concrete fulfils three functions:

- it gives some equalizing of the pressures between the compartments,

- it allows gas transport up to the top of the silo,

- it assists in absorbing the loading forces on the deposited packages.

It is therefore planned that successive grouting will be used around the
disposed packages.

From Professor Filhajavaara's report (see Section 3.5 - not included in
this translation) on gas permeability it is clear that there is a lack of
basic information concerning the gas permeability, in particular concerning
how it changes with time. If the gas is not led up to the upper portion of
the silo to be discharged via the "valves" at the top, there is a risk
that the gas-induced pressure-rise will be so great that the barriers may
be damaged. In their assessment the SKI consider this problem.

It is obvious that to ensure that the bitumen drums in the final storage
are not to be pressed apart it is necessary to have the support provided
by concrete. For the concrete cubes, on the other hand, it is not as
important with this support. In that case grouting with suitable sand
might be sufficient. Sand is probably preferable when it is a question of
fulfilling the desirable gas-permeability on a long-term basis. The
somewhat greater quantity of water which might then be pressed out of the
silo in connection with pressure build-up there does not present any
serious problem.

From informal contacts with the SKI, the SSI has been informed that in one
case in which an excess pressure has been formed in the silo due to gas
generation a limited degree of cracking might be caused in the concrete,
although the outward leakage would probably still be diffusion-controlled.

Due to insufficient knowledge of the functioning of the "gas discharge
valves" and the properties of the grouting concrete, the SSI cannot at
present approve the new silo design with valves and the grouting concrete.
As regards the commissioning of the silo, this can not take place except
to a small extent (a maximum of 2-3 layers per compartment) until the
grouting has been given further consideration. On the other hand, the
question of the design of the top of the silo need not be solved now. The
SSI considers that this requirement is justified (ALARA) - in spite of the
fact that the consequences of gas generation are not serious from the point
of view of radiation protection - since the measure in itself, from the
information available to the SSI, does not involve serious problems or
major costs.

As regards the operational phase, it can be stated that considerable
quantities of gas will be generated, particularly in the BLA, and that
this gas must be ventilated out. The quantities of gas generated,
principally those from th-j microbial decomposition of the ion-exchange
resins, may have been underestimated in the SKB report (cf. Section 3.4 -
not included in this translation). Even if it does not affect the
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long-term properties of the underground spaces in the bedrock, there is
good reason to keep account of the occurrence and consequences of such
gases during the operational phase.

4.10. The SKB's comparison between the SFR-1 waste and soil

In their brochure concerning the SFR-1, the SKB have made a comparison
between the waste disposed in the SFR-1 and soil. In this comparison it is
claimed that after 500 years the toxicity of the waste would be comparable
with the toxicity of soil. After considerable criticism from The Swedish
Antinuclear Movement (in Swedish "Folkampanjen mot Kärnkraft och Kärnvapen"),
the SKB, in their latest revision of the brochure, have admittedly retained
their opinion but they have given a better explanation of what they meant.

The SSI have been aware of the comparison and, even if it is considered
unfortunate that they should make a comparison which can be misunderstood,
the SSI have not found reason to dissociate themselves from it as
factually wholly incorrect.

What the SKB have done is to calculate the concentrations of various
radionuclides present in the waste after 500 years and the concentrations
of radioactive substances in the "soil" (the radium and thorium series and
potassium-40). The SKB have then weighted these concentrations with a
weighting factor specifying the toxicity of the nuclides in the case of
intake via the mouth. This calculation gave the risk values which the SKB
considered to be comparable for the two cases.

The SSI have made the same calculations and also looked at a comparison
with "soil" in the case of inhalation. Here the SSI have assumed that the
uranium and thorium occurring in the soil are in equilibrium with their
daughter products. Regarding the concentrations, the SSI have consulted
Sveriges Geologiska AB (SGAB) who have previously made a country-wide
survey. In addition to uranium and thorium and their daughter products,
potassium-40 is also present. On the basis of the SGAB results, the
concentration values used were: for the uranium 200 Bq/kg, for the thorium
100 Bq/kg and for the potassium-40 1000 Bq/kg. The weighting factors used
by the SSI were the ALI values (Annual Limits on Intake) as they are
defined by the International Commission on Radiological Protection (ICRP)
and the numerical values are those given in the ICRP Publication 30.
Tables 4-2, 4-3 and 4-4 give the values which were used in the
calculations. In these tables the letter 'Z' is used to indicate the power

of ten, e.g. 2 E2 is the same as 2x10 . In the case of the waste it is
assumed that the activity, as specified in the final safety report, is
distributed uniformly throughout the waste volume of 90,000 cubic metres.
ALI(oral) signifies the ALI value for oral intake (via the gastro-
intestinal tract) and ALI(inh) signifies the ALI value for inhalation. The
risk factor is obtained by dividing the activity concentration by the

relevant ALI value. For potassium-40 the two ALI values are the same, 10
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Bq, and with a concentration of 1000 Bq/kg this gives a risk factor of 10~ .
With a uranium-238 concentration of 200 Bq/kg the uranium-235 concentration
is 9.2 Bq/kg. Of the daughter products which occur in the decay chain it is
actinium-227 which is dominant from the risk point of view. This nuclide has
an ALI value of 7000 Bq for oral intake and 20 Bq for inhalation. This

nuclide's contributions to the risk factor are thus 1.3x10 and 0.46
respectively. The other values can be seen from Tables 4-2, 4-3 and 4-4. A
"soil" which with concentrations of 200 Bq/kg of uranium and 100 Bq/kg of
thorium (in equilibrium with its daughter products) will then have a risk
factor of (1.6xlO~2 + 5.3xlO~3 + 10"4 + 1.3xlO"3) - 2.3xlO~2 for oral intake
and (2.8 + 1.3 + 10 + 0.46) - 4.6 for inhalation. The corresponding values
for the SFR-1 waste are, from Tables 4-2, 8.6xlO~ and 47 respectively.

From this it is clear that they are of the sane order of magnitude under
the conditions described in the SKB brochure assuming oral intake, while
for inhalation the risk factor is ten times greater for the SFR-1 values.

In agricultural soil there are also contributions from radium via artifial
fertilizers and these are not negligible. This has not been taken into
account in this comparison.

This section has only been included in the assessment report because of
the intensive discussions which have taken place and not because it is of
importance for the SSI's view on permission for the operational phase of
the SFR-1.

4.11. Environmental consequences

4.11.1. Introduction

The total radiation dose consequences of the SFR-1 are partly due to the
exposure of the personnel in the course of their work (occupational
exposure, which is discussed in Section 4.7), and partly by the exposure
of the general public and the environment due to the leakage of
radioactive material from the repository after it has been sealed
(environmental consequences).

In the assessment of the consequences caused by the radiactive material
leaking out into the biosphere, the SSI has taken into account the effects
of radiation both on humans and on other living organsims. When it
concerns effects which do not affect humans, the SSI regards its task as
not being to protect individuals but to protect populations.

When it concerns humans, in the case of the SFR-1 as in every other case
in which humans may be exposed to radiation, it is a requirement that the
measures taken will provide every individual with acceptable protection.

In order to assess the radiological consequences of the leakage of
radioactive substances from the SFR-1, in principle all conceivable
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processes which could cause leakage and all conceivable exposure routes
must be taken into account.

This can be done by making different assumptions about the repository
performance and the ecosystem in the anticipated recipient.

In the case of the SFR-1, however, the long duration of the source term,
i.e. the slow leakage of radioactive substances from the repository,
implies that the recipient is not one stationary system but is a spectrum
of different ecosystems.

During the first phase after the sealing of the repository, the recipient
consists of the öregrundsgrepen Bay as we know it today. This means that
the radionuclides which reach the biosphere are presumably forced out with
the ground water into the centre of the öregrundsgrepen Bay from where,
unless the chemical environment is such that they have become attached to
particulates in the water and then sedimented, they will spread out into
the Gulf of Bothnia and then into the Baltic Sea.

In a longer time perspective the uplift of the land will result in the
öregrundsgrepen Bay becoming smaller and smaller, i.e. the coastline will
move further and further out. The recipient changes from being the
öregrundsgrepen Bay to being an inland lake and finally a terrestial
system. The way in which this develops has been investigated in SSI's
assessment of the preliminary safety report. However, this is on the
assumption that there is no climatic change, such as the commencement of
an ice-age.

In the analysis of the radiological consequences it is impossible to
include all of the chemical/physical processes which delay the leakage
out to the biosphere since they are difficult to quantify and therefore
difficult to prove.

This means that simplifications must be made in the system considered in
order to be able to prove with certainty that the health effects are
acceptable.

The SKB has supplied the SSI with calculations of the situation around the
SFR for two main periods. The first of these is for the period immediately
following the sealing of the repository and the other is for the period
when the repository and the surrounding area have become dry land due to
uplift of the land.

By taking these two situations into account, the SKB has considered the
environmental consequences which the repository may give rise to.

In the assessment of these effects the SKB has not taken into account all
processes which may reduce or prevent these effects since they cannot b*
quantified with certainty.

In the view of the SSI, this method of working is correct in principle
when it concerns ensuring that the repository does not give rise to
unacceptable effects. If simple and safe assumptions result in radiation
doses which are considerably below a given dose limit, this means that
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doses which are acceptable.

The SSI's examination of the basic material used by the SKB has been
concentrated on the critical examination of the calculations and the
assumptions made. The SSI has also considered different scenarios;
brackish-water recipients, inland lakes, cultivation in drained sediments
and the boring of wells. The SSI's assessment of the environmental
consequences will be reported, in addition to this assesment memorandum,
also in a coming SSI report.

4.11.2. Assessment of the SKB'a radiation dose calculations

In the calculation of radionuclide leakage two distinct cases have been
identified. For the first case concerning the first 2500 years after the
final sealing of the repository, the primary recipient is the
öregrundsgrepen Bay. For the second case which concerns the period after
more than 2500 years it is assumed that a lake constitutes the main
recipient. These two periods are called by the SKB the salt-water period
and the inland period.

For the salt-water period it is assumed that all the radioactive materials
are initially confined to the various storage spaces as in Figure 4-1. For
the inland case the basic assumptions are somewhat different. Here it is
assumed that no leackage has occurred during the first 2500 years, only
radioactive decay.

In the opinion of the SSI this is a conservative assumption since it is
probable that during the first 2500 years part of the radioactive inventory
will have been transported away with the groundwater.

All the sections of the repository (the silo and the tunnels in the
bedrock) are modelled as if the waste and the conditioning materials
(concrete and bitumen) are well mixed with surrounding water, "stirred
tank." Sorption to the conditioning material is taken into account but on
the assumption that concrete and bitumen have the same sorption
properties. During the salt-water period the sorption data for fresh
concrete are used while in the inland case the data for degraded concrete
are used. Organically bound carbon-14 which is assumed to be 10 per cent
of the total carbon-14 inventory, is assumed not to have sorption
properties.

The outward leakage from the silo during the first 2500 years, i.e. the
salt-water period, is assumed to be diffusion-controlled. During the
inland period, on the other hand, there is assumed to be a transport with
an axial water-flow in the silo of seven cubic metres per year.

In the bedrock tunnels the radionuclides are transported principally with
the water-flow; however, the flow is assumed to be diffusion-controlled in
the BTF for the first 100 years. With present-day knowledge of the water-flow
the assumed leach-out times must be regarded as conservative since all the
waste is probably not exposed to leaching.
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For the passage of the nuclides through the surrounding bedrock to the
biosphere the sorption has only been taken into account for the inland
case.

In order to calculate the further distribution and accumulation in the
bioshere, the SKB has consulted Studsvik AB (SE). With the aid of the
dispersion/dose-calculation program Biopath, Studsvik have computed a
prognosis for the radiation doses to the critical group in the
neighbourhood and to the population regionally and globally. In order to
calculate the radiation dose both in the initial phase and in the later
phase, the bioshere has been divided into zones at different levels.

These different levels make it possible to study the exposure situation in
limited ecosystems and at the same time it is possible to follow the
dispersion process via stepwise calculation on a local, regional and
global scale.

The computational model assumes that the transfer factors and compartiaents
are independent of time; this is a simplification of the true situation.
This approach to the calculation can be said to give the dose consequences
during a limited period and it does not take into account factors such as
the uplift of the land in the area.

In order to obtain suitable transfer factors, the SSI have treated these
factors in different ways; as nuclide-dependent and as nuclide-
independent. For the nuclide-dependent factors the special characteristics
of the nuclide in the ecosystem are taken into account, i.e. the
chemical/physical and biological properties are taken into account, e.g.
in the estimation of the sedimentation rate.

The model does not take into account the connection between water and the
global atmosphere, this means that the global circulation of carbon-14 can
not be calculated correctly.

The SSI's opinion of the calculation model is that it is largely in
agreement with accepted calculation methodolgy and that for this purpose
it is adequate since only "screening" is carried out. It order fully to
predict the distribution and bioaccumulation in time and space it would be
necessary to have knowledge of the future development of the ecosystem -
knowledge which at present does not exist.

In order to take account of the radiological consequences of the
contamination of land and sea areas, a number of exposure routes must be
taken into account. In the SE model, fish, meat, milk, water, eggs etc are
assumed to be produced in the vicinity and it is assumed that these
foodstuffs are the staple diet of those who live in the area.

In addition, it is assumed that persons can be externally exposed via
contaminated beaches and fishing-gear.

The SSI is satisfied that all relevant exposure routes have been taken
into account but is anxious that it should be borne in mind that it is not
probable that one individual would experience all these exposure routes.
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In order to calculate the increase in the concentration due to
bioaccumulation in the environment, the SE has used concentration factors.

The SSI has no objection to this physically incorrect but nevertheless
accepted »rsethod of calculating concentrations since the leakage may occur
over a long period of time to a steady state (in this context) recipient.

For the inland period the isotopes of plutonium constitute a potential
risk for those who drink water from a well situated close to the SFR-1,
for those who cultivate soil irrigated with water from the contaminated
water-body or for those who eat fish.

In their calculations, the SE have assumed realistic values for root-
uptake but to specify now what root-uptake factor will apply in the future
is naturally associated with extreme difficulties. This is because the
chemical/physical and biological conditions are unknown.

A decisive factor for the inland period is the intake of contaminated
drinking water. The resulting dose is then proportional to the dose-
conversion factor. The SSI notes that the SRB have used the revised dose-
conversion factor for plutonium in their calculations.

in summary, the SSI have no decisive objections to the way in which the
SKB have calculated the radiation doses to humans when it concerns doses
to individuals. No decisive objections can be raised to the way in which
the SKB has described the processes in the geosphere or the biosphere. The
uncertainties in the hydrological conditions would appear to be
compensated for by conservative assumptions concerning the integrity of
the barriers. For the collective dose, however, the account given by the
SKB can not be accepted. The collective dose obtained is of the order of
100 manSv and not the 3 manSv stated in the report. (Cf. Section 4.11.6).

The SSI considers that it would have been useful if the SKB had also
attempted to make an estimate of the probable dose obtained with the use
of realistic values for the parameters for the processes for which our
knowledge is strictly speaking unsatisfactory. At the request of the SSI,
the SKB made such a calculation as a supplement to the preliminary safety
report.

4.11.3 The SSI's calculations: Introduction

The SSI's safety assessment of the SFR-1 involves both an analysis of the
source material reported by the SKB and the SSI's evaluation via their own
analysis of the reasonableness of the assumptions used.

In their assessment, the SKI have mainly analysed the outward transport of
radionuclides frr.m the repository to the biosphere. Due to the fact that
the SSI's and the SKl's assessments were carried out simultaneously and
with a great shortage ot time, it has not been possible wholly to
correlate and harmonize tha assessments by these two authorities. In their
calculations of the enviromental consequencies, the SSI have chosen to
employ a simple model for the transportation of radioactive material from
the repository to the biosphtre, a model which does not take into account
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a number of different delay mechanisms. In their assessment memorandum,
the SKI make a more detailed analysis of the transport of radionuclides to
the biosphere.

In Section 4.11.2 the SSI have discussed how the applicant calculated the
consequences which the repository could give rise to. In the following
section an account is given of the SSI's own calculations and the
considerations the SSI has made in connection with the assessment.

The SSI's ambition has been to use calculations which are simple, and
therefore easily understood, which are safe, and therefore not optimistic,
and which do not underestimate the resulting radiation doses, and in this way
to ensure that the consequences are not unacceptable.

In their assessment the SSI has made use of a report which the SSI
commissioned from the SGAB, in connection with the assessment of the
preliminary safety report, on the future development of the recipients in
the area. The SSI thus assumes that an inland lake will be the recipient
sometime in the future.

The scenarios taken into account by the SSI are brackish water, inland
lake, wells, and a terrestrial landscape.

An analysis of the inventory in the SFR-1 indicates that the resulting
doses in the initial phase are dominated by caesium-137. This is because
of the large quantity of caesium-137 and its radiotoxicity. It is assumed
that cobolt-60 has largely decayed before reaching the biosphere.

In the initial phase, almost stagnant groundwater can be expected in the
vicinity cf the repository since the Singö Line intersects a possible ,
groundwater flow from the land and the heavy salt-water directs the flow
upwards.

In order to model the water flow in the repository, the SKB has modelled
the conditions at three different levels:

- regional
- local
- in the repository.

The regional model used, taking into account the topography, has not been
able to recreate the measured excess pressure in the repository. For this
reason, another regional model has been used setting the pressure in the
Singö Line to 0.5 metres. This model generates pressure gradients from the
Singö Line and it gives a water-flow through the repository which is ten
times greater,

The SSI accepts the initial assumption that the Singö Line cuts
off the water-flow from the land during the sal'.-water period. The heavy
salt-water also implies that initially there will be a very limited flow
in the repository area. In order not to unde estimate the consequences,
the SSI nevertheless assume the water-flow through the repository area to
be that reported by the SKB.
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4.11.4. The SSI's calculations: The initial phase

In order to obtain a rough indication of the consequences caused by the
SFR-1, the SSI has constructed the model shown in Figure 4-1. The idea was
to use simple considerations to judge the consequences which the
repository might cause.

The calculations were carried out for long periods of time and this means
that changes in the climate/ the flow conditions or in the bioactivity
need not be taken into account.

The result of the calculations was a concentration in the water outside
the repository.

In order to calculate what this means in terms of radiation dose, the SSI
has assumed that a person eats 30 kg of fish caught in the area (the fish
are assumed to remain in the same area).

The resulting radiation dose (Fig. 4-2) a person can be expected to
receive is of the oraer of magnitude of less than microsievert per year.

Since this calculation is based on the assumption that no barrier
functions are attributed to the silo, the BMA, the BLA or the BTF during
the brackish-water period, the calculation gives an overestimate of the
expected outcome.

The conclusion was that the SSI has not considered it necessary to make
any further study of the processes which could threaten the integrity of
the barriers for the silo, the BLA, the BTF or the BMA for the initial
phase since the flow-through case corresponds to the worst conceivable
case and the radiation doses from this case are so low that they are
considered to be acceptable.

4.11.5. The SSI's calculations: The inland case

After the uplift of the land has made the area above the SFR-1 into dry
land, there will be a flow of water through the storage sections. However,
it can be expected that the Singö Line will cut off part of the water flow
so that there will be a reduction.

As the starting point of the calculations the SSI has nevertheless used the
flows reported by the SKB in order to determine whether the exposure
consequences are then of such significance that a more detailed analysis is
retired.

Also in the inland case, the SSI has used the same initial assumption as
in the brackish-water case, i.e. that no barrier functions exist in the
repository. This applies to L/Oth the silo and the tunnels.

At this point in time, when an inland lake may constitute the recipient,
most of the radioactive nuclides have decayed and only traces of the long-
lived material are still present. On the basis of the radiotoxicity and
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the activity levels, it is clear that plutonium isotopes are dominant from
the point of view of doses to the individual.

In order to calculate the consequences due to the leakage of these
nuclides to an inland lake recipient, the SSI has used the same approach
as for the brackish-water period. The model is illustrated in Fig. 4-3.

If a person eats fish caught in a lake which may exist in 2500 years time,
he will receive a dose amounting to a few microsieverts (Fig. 4-4).
Consumption of unfiltered drinking-water from the lake would give an
exposure of the same order of magnitude as fish consumption.

In the assessment of the SFR-1, a number of processes have been identified
which might in due course lead to the degradation of the integrity of the
repository. It could be the formation of excess gas pressure in the
repository due to corrosion, microbial decomposition and radiolysis. It
might also be the destruction of the concrete structure due to the
corrosion of the reinforcement or due to the swelling of the ion-exchange
resins.

In order as far as possible to prevent and mitigate the effects of such
processes, the SKB has made design changes since the preliminary safety
report was submitted. Despite this, it is impossible to exclude the
possibility that the retention properties of the repository will be
affected negatively by the above processes.

The worst outcome cannot be worse than that the barrier properties of the
repository ceas^ to exist. However, since such effects on the environment are
acceptable as far as the protection of the individual are concerned the
repository can be accepted.

4.11.6 Collective dose commitment

The SSI's assessment has shown that the repository is acceptable from the
point of view of the protection of the individual.

In addition to this the optimization principle should be taken into
account, i.e. that the exposures shall be kept as low as is reasonably
achievable. In the basis for the assessment (Section 4.3) the SSI has
ttated that the collective dose commitment of the repository shall be
small in relation to the other parts of the nuclear fuel cycle.

The collective dose caused by the exposures of the personnel can not be
reduced further without considerable expense since most of the handling is
done by remote control.

In connection with the assessment of the preliminary safety report, the
SSI requested from the SKB a report on the expected collective dose
commitment. This report indicated that with the design which the SKB was
proposing there were only a few nuclides which played a dominant role for
the collective dose and regardless of changes in the barrier thicknesses
or the handling routines the exposures were largely the same.
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The collective dose is mainly caused by carbon-14. The fact that this
nuclide gives the greatest contribution is due to its mobility, i.e. it
becomes globally distributed and irradiates the whole population of the
earth.

However, the collective dose commitment due to carbon-14 reported by the
SKB is not in agreement with that calculated by the SSI. A release of one
TBq of carbon-14 gives a dose commitment of the order of 100 manSv and not
3 manSv as stated by the SKB.

The long half-life oi carbon-14 means that this nuclide in organic form
will penetrate out to the biosphere almost regardless of the barrier
design employed. Since changing the barrier thickness or the handling
routines does not reduce the dose, increased barrier properties for the
repository are not justified with regard to carbon-14.

In energy production at nuclear power stations carbon-14 is formed in the
reactor. Most of this, about 99 per cent, passes out to the surrounding
air and only a small part - less than one per cent - ends up in the low-
level and intermediate-level waste. During the conditioning of the waste,
more of the carbon may be released. This means that the collective dose
commitment caused by the SFR-1 repository is small in relation to the
remainder of the nuclear fuel cycle. The repository is therefore
acceptable on the basis of the SSI's method of assessment on this point.

Since small changes in the planned measures for the silo may possibly
achieve a certain, not completely negligible, reduction in the collective
dose caused by nuclides other than carbon-14, it may nevertheless be
suitable for these measures to be taken.

4.11.7 Other scenarios

The cases already considered are an outgoing flow to the öregrundsgrepen
Bay and an outgoing flow to an inland lake. In both of these cases the
radioactive material may accumulate on the bottom due to sedimentation.

Uplift of the land will successively lead to this sediment becoming
exposed. This sediment may at a later stage be used as agricultural soil,
which might lead to the radioactive substances being ingested by humans,
e.g. via root-uptake in plant».

Cultivation in the sediment may take place when a large area has become
exposed after previously serving for a long period as an outward-flow area.

The activity which may be found in the sediment/soil is of the order of
one or a few becquerels per kilogramme. Exposure can take place either due
to inhalation of radioactive dust or orally via the consumption of plants
which have taken up the radioactive substances in their root systems.

If a person consumes root-crops which have been cultivated in soil
contaminated as described above, the annual exposure received would be of
the order of one microsievert or less. Inhalation of dust gives an
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exposure of the same order of magnitude.

A scenario which should be considered for the period after that in which
the öregrundsgrepen Bay forma the primary recipient is the intake of
contaminated water from wells. It is possible in this case that a well
might be bored through the water-bearing zone between the repository and the
recipient. The consequences can be calculated by making similar assumptions
to those used previously, i.e. a water-flow through the bedrock tunnels
without consideration of possible delaying effects.

This can result in a maximum annual dose of 0.5 mSv to an individual in
the critical group. This is a relatively high dose and that is due to its
having been calculated with conservative assumptions. It is assumed that
there is no interchange between the radionuclides and the surrounding
materials in the repository and the bedrock. If absorption/desorption is
taken into account, the doses are reduced by a factor of at least 10, i.e.
even in this extreme case the exposures obtained are of the order of 0.1
mSv per year or less.

4.11.8. Scenarios which have not been analysed

In the estimation of the dose consequences of the SFR-1, relatively long
periods of time must be considered. The consequences depend to a large
extent on the assumptions made, especially for occurrences in the future.

One common type of scenario is based on constant conditions, e.g.
unchanged dietary habits, unchanged climate etc.

Another type of scenario is based on more or less probable occurrences. An
example of a probable occurrence is a future ice-age; although we do not
know when it will con». An example of an improbable occurrence is the fall
of 9 meteorite.

In the consequence analysis of the SFR-1, the SKB have assumed dietary
habits to be unchanged with time, i.e. to be the same as those w« have
today. The SSI have no objection to changes in diet not being taken into
account. The reason for this is primarily that the dominant contribution
to the exposure normally arises from the consumption of drinking-water.
Drinking-water is something which all living organsims need for their
existence and there is no reason to believe that the consumption of
drinking-water by humans will change radically.

Intrusion is another scenario which has been considered. For the case in
which the intrusion takes place while documentation on the repository
still exists it is reasonable to assume that documentation also exists on
the the contents of the repository and on the risks associated with
intrusion.

Intrusion into the SFR-1 with the purpose of exploiting the plutonium
which can be found there can also be regarded as a very unlikely event.
This is primarily because of the very low concentrations which in practice
makes it impossible to purify it and because the quantity is small.
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The effect of a future ice-age is a probable scenario, although it has not
been taken into account by the SKB. An ice-age has the effect that no
humans will be able to live in the area for tens of thousands of years.
When the ice-cover has retreated the conditions will probably be very
similar to those immediately after the last ice-age and the nuclides
leaking from the SFR-1 will thus be diluted in a large water-recipient.

Another scenario the consequences of which cannot be estimated is the fall
of a meteorite. However, the event is so unlikely that the SSI do not
consider it necessary to analyse it. Further, sabotage and acts of war
have not been taken into account.

4.12. Grouting around the waste

The first stage in the final sealing of the repository is grouting around
the waste disposed there. According to the plans this will be done in the
BTF, the BMA and the silo. The purpose of the grouting is to provide support
for the waste packagings, to reduce the empty space in the repository and
to provide additional radiation protection during the operative phase.

For the BTF this implies covering the concrete tanks with radiation
shielding consisting of 0.5-metre prefabricated concrete slabs. In
addition it will be possible to arrange grouting around the drums and the
concrete tanks.

For the BMA this implies covering the compartments with radiation
shielding consisting of 0.4-metre prefabricated concrete elements. Here
too it is possible to grout around the waste in each compartment. In order
at a later stage to be able to back-fill the bedrock space it is assumed
that grouting over the concrete elements is carried out in order to
withstand the loads from the back-filling. Grouting of the waste in the
silo was discussed in Section 4.9.

From the point of view of radiation protection it is necessary with the
extra radiation shielding provided by the concrete slabs in the BTF and
the BMA and furthermore it is necessary to have a radiation-shielding lid
for the silo, at any rate when the filling of the other sections is
started. Grouting is necessary for the stability of the bitumen waste in
the silo. In addition, grouting is of value in order to reduce the void
volumeJ (empty space).

The SSI consider the proposed methods for the BTF and the BMA to be
sufficient and the SSI does not see any reason for requiring grouting of
the waste in the BLA. However, the SSI wishes to point out that the BLA
will contain much smaller quantities of concrete, which means that the
leach-out of the radionuclides will probably occur more rapidly in the BLA
than for the other sections of the storage (concrete assists in
maintaining a high pH value and this contributes to a reduced solubility
of a number of substances). Against the background of the fact that the
BLA only contains less than one per cent of the total activity content in
the repository, the SSI does not see any reason to require that any
further action should be taken. In the case of the silo the SSI has
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pointed out in Section 4.9 that further investigation is required before
the SSI can accept the proposed method of grouting and the material.

Further, the SSI points out that if grouting is carried out with concrete
this makes it appreciably more difficult to reclaim the disposed waste
although it does not make it impossible.

In summary/ the SSI has no objection in principle to grouting around the
waste in the SFR-1. Here it is assumed that as long as the repository has
not been finally sealed it will be possible to keep it dry by means of the
pumping facilities. In this assessment the SSI has not considered the
final sealing of the repository.

4.13. Back-fill of the sections of the repository

By back-fill is meant the planned back-filling of the bedrock spaces and
the silo when the disposal of the waste ia completed.

The purpose of the back-filling of the individual sections is to
supplement the man-made barriers. It may be done during the operational
phase.

The extent of the back-filling has been motivated by the SKB as a result
of their safety analysis, with these implications:

"that areas which are sensitive with regard to an increase in the
hydraulic conductivity of the bedrock are to be back-filled with an
actively supporting material or a material with low compressibility,

that areas which in themselves are relatively insensitive with respect to
settlement in the bedrock, but which are so close to sensitive areas
that settlement should be avoided, are to be back-filled with a
material which is passively supporting,

that spaces which are insensitive with regard to settlement and which are
remote from sensitive spaces can be left unfilled but they should be
kept separate from other spaces by means of plugs which limit the
hydraulic pressure within the installation."

It is only for the silo that complete back-filling is planned between the
disposed waste (the top of the silo) and the bedrock. This will be done
with sand, sand/bentonite and cement-stabilized sand.

The risks for rock-falls or loosening of the rock have been described in
the SKB working report SFR-1 (title here translated from Swedish)
"Stability of the tunnels and bedrock spaces in the SFR-concept, time
aspects." With this report for support, the SKB considers that the bedrock
spaces do not need to be back-filled completely to avoid future rock-falls
reaching up to the surface. However, preparations have been made for such
back-filling in the design of the storage spaces and in the planning of
the measures taken during the operational period.
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In the BMA and the BTF only limited back-filling is planned and in the BLA
no back-fill.

In view of the fact that back-filling will not be used until a storage
section has been filled, and that it is always possible, if it considered
necessary, to require complete back-filling, the SSI considers that it is
not necessary now to adopt an attitude on this question. Amongst other
things, the SSI intends to collaborate with the SRI.

4.14. Final sealing

In their assessment of the preliminary safety report, the SSI stated that
the SSI required a new summarized assessment of the environmental
consequences. The SSI still has the same requirements. In spite of this
fact, there is reason to form a perspicuous view as to whether or not
final sealing is possible in accordance with rhe principles presented by
the SKB. Briefly, these involve concrete plugs for each of the storage
sections and also for the bedrock tunnels. These concrete plugs are
considered to have the same degree of water-permeability as the
surrounding bedrock. The plugs can be combined with hydraulic connections
in the tunnels, shafts and water-carrying zones in order to equalize the
hydraulic gradients between the storage spaces.

The SSI is of the view that the principles which the SKB has stated for
the final sealing are reasonable and that there is not at present any
reason to require further measures. However, it is necessary to continue
the ongoing work of assessing measures and verifying the most suitable
sealing technique.

4.15 The environmental inspection programme

4.15.1. Operational phase

During the operational phase all releases into air or water of radioactive
substances which may originate from the waste which is being handled in
the installation shall be recorded in accordance with the same principles
?s those applicable for the nuclear power station in Forsmark (ef. Section
4.7). Further, the releases shall be included in the releases from the
Forsmark power station and the combined releases must therefore not exceed
the valid limits for the Forsmark power station. The SSI will discuss the
practical questions concerning the reporting with the parties concerned.

There is an environmental inspection programme for the Forsmark power
station with the aim of both verifying certain assumptions underlying the
dose calculations from the releases and verifying that no large releases
have taken place. The releases from the SFR-1 reach the same recipients as
the releases from the power station and the environmental inspection
programme for the Forsmark power station can therefore also include the
SFR-1. Further, in consultation with the National Environmental Protection
Board the SSI regularly makes revisions of the inspection programme. The
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SSI considers that this is sufficient also to cover the SFR-1. No
theoretical or practical basis exists on which to carry out a separate
inspection programme for the SFR-1 during the operational phase. If the
Forsmark power station should cease to operate while the SFR-1 is still in
operation, the SSI will decide in good time how the environmental
inspection programme shall be designed in order to correspond in a
relevant way to the situation which then exists.

4.15.2. The storage phase

Before the drainage pumping ceases and the SFR is finally sealed, a new,
complete analysis of the environmental consequences will be made. An
important precondition in that analysis will be that the repository shall
not require an environmental inspection programme in order to be
acceptable from a purely objective radiation protection point of view. On
the other hand it may be justifiable for other reasons to have an
environmental inspection programme even after the final sealing of the
repository. However, the SSI is at present taking no decision as to
whether or not such a programme should exist or as to what form it should
take if it exists.
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Table 4-1. The nuclide-specific activity contents in GBq for the various
sections of the SFR. The values are for the situation in the
year 2010. (According to the final safety report.)

Nuclide

H3

C1*

F«55

NiS*

Co 6 0

Ni*3

Sr9°

Nb9*

T c99

Rul°*

I 1 2 9

C.»4

C.135

Cf137

Pu238

Pu239

Pu2*0

Pu2*l

Am2*l

On2**

L

Half-life
(years)

12.3

5.7*103

2.7

7.5M0*

5.2

100

28.8

2.0«10*

2.1«105

1.0

1.6«107

2.3

3.0«106

30.2

87.7

2.4M0*

6.6-103

14.4

433

18.)

BLA
(GBq)

^.6-10°

2.3-103

2.3-1O1

5.8-1O3

1.9-103

7.1-1O1

2.3-1O"2

1.1-10"1

2.1-10°

6.4-10"*

2.6-102

6.4-1O"3

1.4-1O3

4.7-10"1

1.9-10"1

2.9-10"1

1.5-101

3.8-10"1

4.4-10"1

1.2-10*

BMA
(GBq)

2.9-102

1.0-105

1.0-103

2.6*105

8.8-10*

6.5-103

1.0-10°

8.8-10°

1.7-102

4.7-10"2

2.2-103

5.3-10"1

1.3-105

3.1-101

1.2-101

1.9-101

9.4-102

2.4-101

2.8-10°

6.0-105

BIT
(GBq)

1.3-102

1.7-10*

1.5-102

4.0-10*

1.5-10*

2.7-1O3

1.5-10"1

3.6-10°

6.2-101

2.2-10"2

1.1-10*

2.2-1O"1

5.3-10*

1.7-101

6.9-10°

1.1-101

5.4-102

1.3-101

1.5-10°

1.4-105

Silo
(GBq)

1.3-105

&.8-103

7.1-105

6.8-103

1.8-106

6.3-105

•S-105

.8-10°

.3-102

6.1-103

1.9-10°

8.1-105

1.9-101

4.9-106

1.2-1O3

3.8-102

7.8-102

4.2-10*

1.0-103

1.2-102

9.2-106
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TABLE 4-2

The risk factor from the SFR-1 waste after 500 years when diluted in 90/000

cubic metres with a density of 2000 kg/m and when the total waste mass is

1.8 x 10v

Nuclide

C-14

Ni-59

Ni-63

Sr-90

Nb-94

Tc-99

1-129

Cs-135

Cs-137

Pu-238

Pu-239

Pu-240

Am-241

kg.

Cone.
Bq/kg after
500 years

3.8 E4

4.4 E4

1.3 E5

8.3 E0

4.4 E0

1.9 E3

1.1 El

1.1 E2

2.9 E2

1.4 E2

2.2 E3

4.5 E3

2.5 E3

ALI (Bq)

oral

9 E7

9 E8

3 E8

1 E6

4 E7

1 E8

2 E5

3 E7

4 E6

3 E2

2 E5

2 E5

5 E4

inhalation

9 E7

7 E7

3 E7

1 E5

6 E5

2 E7

3 E5

4 E7

6 E6

2 E2

2 E2

2 E2

2 E2

Z

Risk
cone

4.2

4.9

4.3

8.3

1.1

1.9

5.5

3.7

7.3

4.7

1.1

2.3

5.0

8.6

factor

E-4

E-5

E-4

E-6

E-7

E-5

E-5

E-6

E-5

E-4

E-2

E-2

E-2

E-2

cone.

4.2 E-4

6.3 E-4

4.3 4-3

8.3 E-5

7.3 E-6

9.5 E-5

3.7 E-5

2.8 E-6

4.8 E-5

7.0 E-l

11

22.5

12.5

47
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TABLE 4-3

The risk factor from "soil" containing 200 Bq/kg of uranium in equilibrium
with ita daughter products

Nuclide ÅLI (Bg)

oral

Risk factor

inhalation
cone.
All (oral)

cone.
ALI (inh.)

D-238

Th-234

Pa-234 m

U-234

Th-230

Ra-226

Pu-222

Po-218

Pb-214

Bi-214

Po-214

Pb-210

Bi-210

Po-210

5

1

9

4

1

7

-

-

3

6

#•

2

3

1

E5

E7

E7

E5

E2

E4

E8

E8

E4

E7

E5

2 E3

6 E6

2 E8

1 E3

2 E2

2 E4

3 E7

3 E7

9 E3

1 E6

2 E4

4.0 E-4

2.0 E-5

2.2 E-6

5.0 E-4

2.0 E-3

2.9 E-3

6.7 E-7

3.3 E-7

1 E-2

6.7 E-6

2.0 E-3

1.0 E-l

3.3 E-5

1.0 E-6

2.0 E-l

1.0

1.0 E-2

6.7 E-6

6.7 E-6

2.2 E-2

2.0 E-4

1.0 E-2

1.6 E-2 1.3
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TABLE 4-4

The risk factor from "soil" containing 100 Bq/kg of thorium in equilibrium
with its daughter products

Huclide ALI (Bq) Risk factor
cone.
ALI (oral)

3.3 E-3

1.1 E-3

1.1 E-6

5.0 E-4

3.3 E-4

Th-232

Ra-228

Ac-228

Th-228

Ra-224

Rn-220

Po-216

Pb-212

Bi-212

oral

3 E4

9 E4

9 E7

2 E5

3 E5

-

-

3 E6

3 E8

inhalation

4 El

4 E4

4 E5

4 E2

6 E4

-

-

1 E6

1 E7

cone.
ALI (inh.)

2.5

2.5

2.5

2.5

1.7

E-3

E-4

E-l

E-3

3.6 E-5 1.0 E-4

3.3 E-7 1.0 E-5

5.3 E-3 2.8
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Figure 4-1. The model for the brackish water period.



$2

•°s
%

is
KT »
n M

o

rr rr

é o

E

f
0

o

AS

(1)
>

n
o
V-,

O

•g
a>«o
Q

80

60 h

40 h

20

SFR-1: dose to the individual, Cs-137, locally

100 200 300 400
Time (years)

500 600



47

SILO

1.5* 10"

6.7 • 10'

Bedrock

t-0.003

Hater volume - 6 x 10
litres (1

1.7 • 10-»

Lake

V - 3 x 109 l itres

1.0
The Baltic

Sea

0.001

Surface sediment

0.01

Deep sediment

is nuclide specific

Figure 4-3. The model for the inland period.
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Figure 2-1. The part of the
facility under the sea-bed.

Figure 2-2. The silo repository
with the loading construction and
a niche for handling concrete (SSR).
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Figure 2-3. The bedrock cavity for
intermediate-level waste, BMA (SSRJ.

Figure 2-4. The bedrock cavity for
low-level waste, BLA (SSR).

Figure 2-5. The repository tor
concrete tanks, BTF (SSR).
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