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ABSTRACT

On 1 July 1981, a new law entered into effect placing the primary
financial and technical responsibility for the disposal of radioactive waste
on the nuclear power utilities. This responsibility extends to research,
development, erection and operation of the facilities required for a safe
handling of the waste and a safe final storage. The nuclear power utilities
have commissioned the jointly owned Swedish Nuclear Fuel Supply Com-
pany (Svensk Kärnbränsleförsörjning AB, SKBF) to assume responsibility
for these duties. KBS is the department within SKBF that is responsible
for research and development within the area of radioactive waste
management.

The government agency of PRAV (Programrådet för Radioaktivt Avfall =
the National Council for Radioactive Waste) was dissolved as of mid-year
1981 and its research activities were transferred to SKBF/KBS. Simul-
taneosly, the National Board for Spent Nuclear Fuel, NAK, was created
and charged with the duties of overseeing the work being conducted by
SKBF within the nuclear waste field and administering the funds that are
to be set up for the financing of future waste management activities.

The present annual report describes activities within KBS duiing 1981.

The work conducted during the year has been concentrated on three areas:

• A systematic review has begun of geologically interesting areas in
Sweden that might be suitable as sites for a final repository for high-
level waste or spent fuel. 10-20 areas are scheduled for study during
the 1980s.

• The chemical research has been broadened in order to further under-
standing of the chemical interplay that exists in the repository between
the canister material, the buffer, the waste matrix and the ground-
water. The retardation effects associated with the transport of radio-
active elements with the groundwater in the bedrock also constitute an
important subject of these studies.



• The preliminary planning and engineering of a final repository for low-
and medium-level operating waste from the Swedish reactors is in
progress. The aim is to submit an application during the spring of 1982
for permission to build the facility at the Forsmark Nuclear Power
Station.

Following an introductory chapter outlining the background of this year's
work, different waste types obtained from nuclear power generation are
presented and characterized in chapter 2. Chapters 3-7 deal with the
activities concerned primarily with the handling and final storage of the
high-level waste or spent fuel.

Chapter 8 is concerned with the planning of a final repository for reactor
waste. Chapter 9 deals with the international research project that is
being pursued in the abandoned Strips mine and which includes hydro-
geological in situ studies and large-scale experiments concerning the
behaviour of the buffer material. The results of the cost studies carried
out during the year are reported in the final chapter, 10.

A list of the technical reports published by KBS during the year and brief
summaries of their contents are appended to the annual report.



1 GENERAL BACKGROUND

1.1 THE SWEDISH NUCLEAR POWER PROGRAM

Following the national referendum on nuclear power in March of 1980, the
Swedish Parliament decided that the Swedish nuclear power program is to
be limited to 12 reactors and that no nuclear reactor is to be in operation
after the year 2010. In 1981, nuclear reactors generated 35% of the total
Swedish electric power production. In a few years, when Forsmark unit 3
and Oskarshamn unit 3 have been put on line, this percentage is expected
to be about 45%. The details of how nuclear power is to be phased out
have not yet been worked out. A government committee was appointed in
1981 to deal with these matters.

1.2 WASTE TYPES, QUANTITIES AND PRINCIPLES OF HANDLING AND FINAL
STORAGE

Following the parliamentary resolution to limit the Swedish nuclear power
program, an overall estimate can be made of the quantities of different
types of radioactive waste that will have to be disposed of in Sweden.

The total quantity of spent fuel is estimated at about 7 000 tonnes (metric
tons). Approximately 12% of this amount, or about 870 tonnes, is covered
by foreign reprocessing contracts stipulating that most of the radioactive
waste from reprocessing is to be returned to Sweden for final storage. At
the present time, no further reprocessing of Swedish spent nuclear fuel
can be foreseen. In the first place, there is a shortage of available
international capacity, and in the second place, it is unclear as to whether
reprocessing of spent fuel from the limited Swedish nuclear power
program is desirable from various viewpoints.

The types and total quantities of various waste categories currently of
relevance in Sweden are given in table 1-].



10

r 1-1. ' *a

Waate cateaary

la

Ib

2

*

Spent fuel

waste

£»__ i iMiL_asa»t»

and internals

Reactor waste

Dismantlinq waste

Orlain

Operation af
nuclaar reactors

Rssiiiual prod t s

Waate from tne

Scrap metal in-
side reactor tanks

Operatina waate
from nuclear
power plints etc.

r rom dnmantlmo
of nuclear facilities

Waste farm

Fuel rads encap-
sutat oil in capper
m i a o u

Vitrified waste

lead-titanium

crate or bitumen

Untreated or cast

Solidified in con-
crete or bitumen.
Compacted waate

Untreated for the
mast part

Pr-p«tie,

Hiofehmt flu»
and raiKatisn at
first. Cantains
lana-Kiad
nuclides

Hiahheat fkn
and rsdiariii at
first. Contaim
lonq-lnad nuclides

level. Cantains
tono-lived nuclidn

Low- to medaum-
hnwL Contains
certain iona-
lived nuclides

Low- to meditwn-
ievel. Limited
life time

Low- to mevfnim-
Irrai. LimitlKl life
time

Quantity

« VaJ cani-
sters

7W cani-
sters

4 000 m

1^ 000 m

12? 000 m'

IMflOD-n1

1.3 LEGISLATION AND NATIONAL AUTHORITIES

Activities aimed at a safe disposal of radioactive waste from nuclear
power generation are regulated by the following legislation in Sweden.
Licences are normally issued by the Government. The processing of
licence applications and the enforcement of regulations are handled by
various government authorities.

The Nuclear Energy Act sets forth the fundamental stipulations for the
erection and operation of nuclear facilities.

The supervisory authority is the Swedish Nuclear Power Inspectorate
(SKI).

The Radiation Protection Act contains regulations aimed at protection
against ionizing radiation.

The supervisory authority is the Swedish National Institute of Radiation
Protection, SSI.

The Environment Protection Act contains regulations aimed at protec-
tion of the environment.

The licencing authority is the National Swedish Franchise Board for
Environment Protection.

The Building Act §136a sets forth stipulations for the erection of
so-called "polluting industrial plants".

The municipality has the right of veto.
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The Stipulation Act provides that the owner of a new rcjctor must
demonstrate how and where the high-level waste from rea~ i.r operation
can be finally disposed of in a safe manner before the re tor nnay be
charged with nuclear fuel.

The Government makes the final decision after hearing from various
selected advisoiy bodies.

The Financing Act stipulates that the primary technica1 and economic
responsibility for the disposal of radioactive waste lies with the reactor
owner and that the State shall control the arranqements and guarantee
the financing of future activities through funds built up from charges
levied on nuclear power production.

1.4 THE POWER INDUSTRY'S ORGANISATION FOR WASTE MANAGEMENT

The Financing Act (1981:669) mentioned in the preceding section entered
into effect on 1981-07-01. This Act regulates the division of responsibil-
ity between the State and the power utilities with respect to the handling
and final storage of spent nuclear fuel and radioactive waste stemming
from such fuel. The Act also covers the dismantling of the nuclear power
plants, but not the reactor waste that is continuously produced during the
operation of the nuclear power plants.

When this Act entered into effect, the National Council for Radioactive
Waste (PRAV) ceased to exist. At the same time, the National Board for
Spent Nuclear Fuel, NAK, was created as the controlling and supervisory
agency. One of NAK's central functions is to administer the funds that are
being built up from fees paid by the nuclear power producers in proportion
to the electric power they produce. Those duties that have to do with the
management of radioactive waste have been transferred by the Swedish
nuclear power utilities (The Swedish State Power Board, Sydkraft, OKG
and Forsmarks Kraftgrupp) to the jointly owned Swedish Nuclear Fuel
Supply Company, SKBF.

Departments have been organised within SKBF for various duties. Re-
search and development activities are conducted within the KbS depart-
ment (Kärnkraftavfallets Behandling och Slutförvaring = Handling and
Final Disposal of Nuclear Power Waste). PRAV was formerly responsible
for parts of the R&D work, mainly geological site investigations and
studies concerned with chemistry. These duties have now been transferred
to SKBF, which is accordingly in charge of the all R&D in the field. Other
departments within SKBF are responsible for the construction and opera-
tion of CLAB and for the transportation system. SKBF's and KBS1 places
in the organisation scheme are shown in figure 1-1.
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Figure 1-1. Main features of the Swedish organization for the disposal of radioactive nuclear
power waste

1.5 PROGRAM AND GOAL OF KBS' WORK

1.5.1 General

The scheme in figure ] -2 illustrates the principle for the handling of
assignments within KBS.

KBS was organized in connection with the enactment of the Stipula-
tion Act in 1977 and assigned the responsibility of conducting such
studies and preparing such reports as are required by the Act. The two
alternatives offered by the Act - demonstrating how a safe handling
and final storage can be effected either for high-level waste from
reprocessing or for spent nuclear fuel - have accordingly been dealt
with. It has been demonstrated that a safe handling and final storage is
possible with present-day technology for both alternatives / ] - l and
1-2/. The descriptinn of a reprocessing alternative was approved in
1979 by the Swedish Government. A second alternative, for the direct
disposal of spent fuel, has not yet been dealt with by the Government.
However, KBS1 report has been sent out by the Ministry of Industry for
comment to some 40 Swedish and foreign bodies. An overwhelming
majority of these bodies have judged the KBS concept to be satisfactory.
Their statements have furnished valuable viewpoints for the continued
work.
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Secretary: Lilian Kumlin

ADMINISTRATION
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Fred Karlsson

MATERIALS
Lars Werme

APPLICATIONS

WASTE FORMS
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SPECIAL TASKS

STRIPA PROJECT
Hans Carlsson

FACILITY PROJECTS
Gerold Lange

FOREIGN ACTIVITIES
AND DOCUMENTATION
Clans Thegerstrom

Figure 1-2. Presentation of KBS organization

The duties of the KBS department have been expanded in recent years and
now include the necessary research and development work associated with
the disposal of all radioactive nuclear wastes from power generation. The
duties of the department also include the preliminary planning and design
of the requisite facilities. Preliminary planning and design work has been
conducted during 1981 for a final repository for reactor waste, SFR.

1.5.2 Long-range program

Even though the reports called for by the Stipulation Act havr vn that
a safe final storage of long-lived radioactive waste can be effected with
present-day technology and the geological conditions existing in Sweden,
considerable work remains to be done to show, in detail, how these
measures are to be realized.

The principles which have been adopted as a basis for the design of a final
repository for high-level radioactive waste, and which are deemed to be
in compliance with current Swedish legislation in the field, are the
following:
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Figure 1-3. KBS'staff

• Siting deep in a selected regime of crystalline bedrock in Sweden.

• The utilization of a multibarrier system, where the barriers consist of
the limited solubility of the waste in the qroundwater, encapsulation in
a canister of a durable material, packinq in a suitable "buffer
material", the rock cover with low qroundwater flow and chemical
retardation effects.

• Limitation of the temperature around the waste to less than 10D C.

• Application of known technology.

• The safety of the repository shall not be dependent on long-range
surveillance.

The requirement on a limitation of the temperature to less than ]00°H jg
met by a) supervised temporary storage of the high-level waste or spent
fuel 'in the CLAB facility") for about 40 years prior to final disposal, and
h) a limitation of the amount, of heat-qeneratinq substances in each
canister and relatively large spacing between the waste canisters in the
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final repository. The temporary storage period provides ample time for
the required investigation, development and construction work.

The fundamental principles listed ahove can he assumed to he applicable
in the future as wull. It is, however, obvious that various solutions within
these fundamental frames should, as in the past, continue to be considered
and tested in the light of continuous technical-scientific developments in
Sweden and abroad. Thus, even though definitive solutions cannot be
described in detail today, it is necessary to base overall efforts and cost
calculations on a realistic scenario for the treatment and handling of the
waste. The scenario that currently serves as a basis for the work is shown
in figure 1 -4. Detailed facilities are described in table 1 -2 and figure 1 -5.

Owing to insufficient data, the safety assessments made up until now
have, of necessity, been based in part on pessimistic assumptions. A3 more
and more knowledge is gained, the premises can be defined with qreater
accuracy. Within the fields of chemistry and hydrology in particular,
continued research promises to yield a much better understanding of the
phenomena that determine the safety of a final repository. Fxtensive
research within these areas is therefore planned for the years to come.



16

Reprocessing

Residues from

nuclear power

plants

MIL

i!
II

CLU
Tamporary itoraaa
tor LLW and MLW

1 9 » - 2023

•

•

CLG
Temporary itoraaa
for HL »itrrfrad
wattai
! » 0 - 2023

j |
CLAB

Tamporary itoraaa
for want tu*l

I M S - 2050

Other

wastes

(Studsvik)

BSG BSAB
Facility tor treatment Facility for traatmant
of vitrifiad wait» | of tpaflt fuel
<EncapMIMwfl) : lEncapwIatiofil
2 0 » - 2023 2026 - 2 0 »

S F L 3
LLW and MLW
from ratwociaifie

IO20 - 2023

'I
•

I
•

I

SFL1

Encipiulattd HL
viUrfwd wHtn

2020 - 2025

SFL2

i Encaptulattd
iptnt (utl

2026 - 2053

inrz
SFL5

Cor* componanrj

2026 - 2050

SFL4

LLW and MLW

2025 - 2055

Ultimate norm for long-livajd wastes

Handling of radioactive

residues f-om nuclear power

Basic flow chart.

Legend:

aa _ a _ Spent fuel

High level (HLI vitrHied wastes

'ffiaaltaaaa

Cort cornpontnts

Low and tnadrum (aval wastes

I LLW. MLW) from rtvrocnting

Low and madium lavtl wastes

(LLW, MLW) from reactor operation

and from decommissioning

Internal transports

SFR

Ultimate Horag*
for LLW and MLW

1868 - 2024

Figure 1-4. Relevant waste products and types of facilities with anticipated operation periods

The choice of a site for a final repository for high-level waste is of the
utmost technical-economic importance and is also accorded great politi-
cal and public-opinion importance. Extensive geological investigations
are therefore beirg planned at many places in the country so that a
broad and reliable body of data will be available by the end of the
century, see figure 1-6.

1.5.3 Short-range program

During the past two years, the KBS work concerning a final repository for
high-level waste has mainly been aimed at the gathering of basic data and
the development and improvement of methods-and instruments. The aim
during 1982 is to compile and apply current knowledge in a new 3afety
analysis of a final repository for spent nuclear fuel, i.e. to prepare an
updated version of the so-called KBS-2 report / l - 2 / . This new report,
based on a considerably broadened body of knowledge, is intended to be
appended to the fuelling permission application for the Forsmark 3 and
Oskarshamn 3 reactors. This application is planned to be submitted to the
Government by the concerned power utilities during the first half of 1983.

1.6 INTERNATIONAL COOPERATION

Cooperation and exchanges of information with foreign and international
organisations has continued during 1981. Among other things, representa-
tives of KBS and of experts engaged by KBS have participated in
activities within the IAEI and the OECD/NEA.



1 Final repositO'y for high-level vwcste
from reprocessing (SFL1)

2 Final repository for spent fuel (SFL2)

3 Final repository for low-and
medium-level waste from reprocessing (SfL3)

4 Final repository for operating waste (SFL41

5 Final repository for core components (SFL5)

6 Encapsulation station (BSG-BSA6)

Figure 1-5. Cutaway view affinal repository



18

Table 1-2. Facilities for treatment and final storage of nuclear power waste

Facility

1

2

2.1

2.2

2.3

3

3.1

3.2

4

4.1

4.2

4.3

4.4

4.5

4.6

Transportation system

Foreseen
location

-

Temporary str-raqe facilities

CLAB. Cental storage
facility for spent
fuel

CLG. Central storage
facility for vitri-
fied wasts

CLU. Central storage
facility for tranauranlc
bearine waste

Treatment plants

BSG. Treatment
station for
vitrified waste

BSAB. Treatment
station for spent
fuel

Final repositories

SFR. Final repository
for operating and
dismantling waste

SFL 1. Final repository
for vitrified waste

SFL 2. Final reposi-
tory for spent fuel

SFL 3. Final reposi-
tory for transuranlc-
bearing waste

SFL 4. Final reposi-
tory for low- and
medium-leve!
operating and
dismantling waste

SFL 5. Final reposi-
tory for core com-
ponents etc.

Oskarshamn

Co-siting with 2.1
or 4.1 considered
s'. i table

Co-siting with 2.1
or 4 1 considered
suitable

Co-siting with 4.2
considered
suitable

Co-siting with
4.3 considered
suitable

Proposed location:
Forsmark

To be decided around
the year 2000,
based on results of
geological investiga-
tions

Co-siting with 4.2

Co-siting with 4.2

Co-siting with 4.2

Co-siting with 4.2
or possibly 4.1

Scheduled start
of operation

1982

1985

1990

1990

2020

2026

1998

2020

2026

2020

2025

2025

Notes

Includes specially designed
ship, transport casks and
terminal equipment

7 000 tonnes of fuel in
an initial phase. Expansion
planned to 7 000 tonnes

730 vitrified waste units

Approx. 4 000 m of waste

Encapsulation station with
capacity to treat 730 vitrified
units during the period
2020-24

Encapsulation station with
capacity to treat approx.
6 000 tonnes of spent fuel
during the period 2026-2050

Operating waste (SFR 1)
approx. 100 000 m
Dismantling waste (SFR 3
later expansion) approx.
140 000 m

730 encapsulated waste
units

4 500 canisters, each contain-
ing about 1.4 tonnes of spent
fuel

Approx. 4 000 m

Replaces 4.1 (SFR) from
the year 2025

Representatives of KBS or of experts engaged by KBS have kept track of
international developments in the field through, among other things,
participation in a number of conferences, where Swedish papers have also
been presented.
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Figure 7-6. General timetable for geological investigations and construction of final repository, SFL

The KBS-managed multinational OECD/NEA project at Stripa has pro-
gressed according to schedule (chapter 9) with financial support from
Finland, France, Japan, Canada, Switzerland, Sweden and the United
States. Discussions have begun within the OECD/NEA on a possible phase
2 of the Stripa project.

An agreement has been reached with Japanese (CRIEPI) and Swiss
(NAGRA) organisations concerning a joint 2.5-year program for investi-
gation of the mechanisms of dissolution in waste glass. The management
of this so-called JSS project has been entrusted to KBS.

Within the frame of the information exchange agreements reached with
the US DOE, the AECL in Canada and NAGRA in Switzerland, both
general discussions and specialist meetings have been held.

An informal exchange of experience has taken place v/ith the CEC and
Japan.

Partly to gain access to expertise lacking in Sweden and partly to broaden
the idea base, a number of foreign researchers have been engaged in the
R&D work.
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CHARACTERIZATION AND TREATMENT
OF WASTE

2.1 GENERAL

KBS' work with the management and final storage of radioactive waste is
primarily concerned with the waste obtained from the operation of
nuclear power plants and from the treatment of the spent nuclear fuel.
The waste types thereby obtained are:

reprocessing waste

high-)' 'el vitrified waste
low- d medium-level waste

reactor waste
decommissioning waste

Besides these types of waste, studies are also being conducted of the
possibility of storing other types of radioactive waste as well - for
example waste generated in industry, health care and research - in the
fina! repositories being planned for the nuclear power waste.

Most of the R&D work within KBS has been devoted to th3 final storage
of spent fuel and high-level waste. This work is described in the following
chapters. Reactor waste has also been given high priority during 1981, as
is evident from section 2.3 and chapter 8. The work on the final storage of
low- and medium-level reprocessing waste and decommissioning waste is
still in an introductory phase and is therefore discussed in a brief passage
in this chapter.

2.2 WASTE FROM REPROCESSING

2.2.1 General

The contract between SKBF and COGEMA concerning the reprocessing of
spent nuclear fuel provides that all waste deriving from raprocessing may
be returned to Sweden. !n addition to the high-level glass, this also
includes several types of low- and medium-level waste. Wck on specify-
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ing the final form of this waste is in progress within COGEMA, and an
initial set of specifications is expected to be submitted in mid-1982. The
formulation of these specifications has been discussed at meetings be-
tween the COGEMA and its clients. SKBF is being represented by KBS in
these discussions.

KBS' work on this waste is primarily aimed at demonstrating that the
waste can be managed and finally stored in a safe manner. Most of the
waste contains considerable quantities of long-lived alpha activity. For
this reason, the final storage of the low- and medium-level waste from
reprocessing is planned to be coordinated with the final storage of
high-level waste and spent fuel and will therefore not be begun before
2010. Work on this waste is of a basic R&D character.

2.2.2 Waste types qnd planned treatment methods

Table 2-1 lists the most important types of waste obtained from repro-
cessing according to COGEMA and tells how they are planned to be
treated at La Hague.

Table 2-1 Waste from reprocessing

Waste type Treatment method

High-level liquid waste Vitrification
Fuel cladding hulls and pieces Solidification with cement
Ion exchange resins and sludge Solidification with bitumen
Scrap, paper, plastic etc Solidification with cement

2.2.3 High-level vitrified waste

The vitrified waste that is returned to Sweden will contain nine percent
by weight fission products. Most of the work on characterizing this glass
is being done in France. At the same time, studies are being conducted in
Sweden on how the glass behaves in the final repository environment. This
work is discussed in greater detail in chapter 3.

2.2.4 Low- and medium-level waste

Certain types of low- and medium-level reprocessing waste have a
content of long-lived activity that is comparable to that of the high-level
vitrified waste. This means that similar demands must be made on
long-term isolation.

As is evident from the above table, the low- and medium-level waste is
planned to be treated by solidification in cement and bitumen. This raises
the following additional questions in the analysis of the final repository,
compared to the situation for high-level waste glass:
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• The chemical form of the activity in the waste

• The influence of high pH (cement) on the solubility and transport
properties of the radioactive elements in the matrix as weli as in the
surrounding buffer material and rock.

• The risk of organic complexing agents forming through the decomposi-
tion of organic waste and bitumen.

• Long-term changes in cement and bitumen.

• The interaction between concrete and buffer material.

A number of studies have been initiated during the year in order to shed
light on these questions.

A review of the reprocessing process has been carried out with the aim of
determining in which chemical form the activity in various waste streams
can be expected to occur. Special attention has been given to the risk that
the actinides will be complex-bound.

Fundamental experimental studies of the chemistry of the actinides at
high pH have been initiated. Measurements of Anr/IlP in particular have
been conducted during the year, and preparations made for diffusion
experiments in various types of concrete. An important question in this
connection is how the chemical environment in the cement changes with
time. A study of this is in progress.

The chemical environment can be altered by radiolysis. A review of the
literature on radiolysis in concrete has therefore been carried out.

Studies aimed at elucidating the interaction between concrete and clay
are described in section 4.2.4.

2.2.5 The HIPOW process

An alternative method for the treatment of cladding waste developed by
ASEA under contract to KBS was described in last year's annual report.
The method is called HIPOW (Hot Isostatic Pressing of Waste) and
involves pressing the cladding waste into a fully compact, pore-free
zircalloy block. Pressing takes place in a hot isostatic press at about
1 000°C and 150 MPa. The 1981 work has included studies of the technical
application of the process and the influence of disturbing material in the
cladding waste, e.g. spacers and ceramic material / 2 - 1 / .

An important point for the applicability of the process is the possibility of
carrying out the pressing in a single stage. A bellows- shaped canister has
been designed for this purpose. This canister controls the pressing so that
it proceeds in two steps, first axially and then isotropically. The axial
pressing compacts the material in the canister to such a high density that
the isostatic pressing can be carried out in a controlled manner. An
example is shown in figure 2-1.
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REACTOR WASTE

2.3.1 General

Low- and medium-level waste with a life shorter than 500 years is created
in connection with the operation of nuclear power plants and the storage
of spent nuclear fuel. This waste is called reactor waste. KBS' work with
reactor waste is aimed primarily at developing safe storage methods. KBS1

resources are also utilized for studies of treatment methods for different
waste types of common interest to the Swedish nuclear power industry.

A proposal for a final repository for reactor waste, SFR, has been worked
on during the year. It is described in greater detaU in chapter 8. In
parallel with this project work, studies are also being conducted of the
product characteristics of the waste that is to be deposited in the SFR as
well as new treatment methods for the waste.

Figure 2-1. HIP-treatment <>J a bellows canister. At left, canister before pressing, I* %full. At right,
same canister after pressing
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2.3.2 Waste types and current treatment methods

Table 2-2 lists the most important waste types obtained in connection
with reactor operation and tells how they are currently treated.

Table 2-2 Current treatment methods for waste from Swedish
nuclear power plants

Waste type Treatment method

Core components No treatment

Ion exchange resins and Solidification with cement or bitu-

sludge men

Devvaterinq

Scrap Incorporation in cement or simply
packaging

Low-level solid waste Compaction or incineration

Up to now, this waste has been stored at the nuclear power plants pending
construction of the central final repository. Existing storage capacity is
expected to be filled by the latter half of the 1980s. Certain additions will
be necessary in order to meet the need up until 1988, when the SFR is
expected to be ready to be put into use.

2.3.3 Core components

Spent core components such as fuel boxes, control rods and neutron
detectors are being stored for the time being in the fuel storage pools at
the nuclear power plants. Several different alternatives for how these
components can be handled and treated for final storage were described in
the 1980 annual report, where it was also pointed out that, with a view
towards reducing both costs and doses to the personnel, an attempt should
be made to find a solution that entails as little processing cf the
components as possible before they are transported to final storage.

According to the current plan for the disposal of the high-level waste,
most of the spent fuel will be placed directly in final storage after a
temporary storage period of 40 years. The largest portion of core
components, the fuel boxes, are expected to accompany the spent fuel and
do not have to be dealt with until the fuel is deposited. Other core
components, comprising a smaller portion, are to be handled in a similar
manner. They are first stored at the nuclear power plant and then
transferred to CLAB, where they are stored in cassettes similar to those
used for the spent fuel until final deposition is begun around the year
2010. Deposition of the core components can take place either in addition
to the SFR or in connection with the final repository for spent fuel.

In view of this long-range strategy, no extensive studies have been
conducted during the year concerning the core components. Certain
3tudies have been conducted of a suitable transport cask for shipment
from the nuclear power plants to CLAB.
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2.3.4 Ion exchange resins solidified in bitumen

The ion exchange resins are dried before they are solidified in bitumen.
When they have been placed in a final repository, they will absorb water
again with time. This process is very slow, since the bitumen impedes the
water from penetrating into the ion exchange grains. After a long period
of time, however, it must be assumed that the grains will be saturated
with water. A test series has been conducted in order to see how much
volume increase is obtained with different assumptions concerning drying
temperature and time (KBS TR 81-13). The studies show that the volume
increase for the ion exchangers tested is heavily dependent on these
parameters.

If the ion exchange resins are prevented from swelling when they absorb
water, a swelling pressure will instead be built up. Measurements are
currently being made to determine this pressure.

A series of fire tests has been carried out with bitumenized ion exchange

resin, showing that less than 1% of active isotopes such as Cs, Co,

Sr and Zn are released. The fire temperature was about 700 C.

2.3.5 The PILO process

An alternative treatment method for ion exchange resins has been studied
since 1976 under the auspices of PRAV /2-2/. In brief, it involves
transferring the radioactivity from the organic ion exchange resins to
inorganic ion exchangers (titanates and zeolites). The method affords the
following advantages:

• After heat treatment of the inorganic ion exchangers, a volume
reduction of the waste by a factor of 5-10 is obtained compared to the
untreated organic ion exchange resin.

• The activity is bound ir, a matrix with very good stability and leaching
properties.

When PRAV was disbanded in mid-1981, SKBF/KBS assumed responsibility
for the continued work on this process, which is called the PILO process.
The goal of the work has been to collect the data necessary to determine
whether the PILO process entails such improvements with respect to
safety and economy in comparison with currently applied conditioning
methods that a full-scale adoption of the method in the Swedish nuclear
power system is justified.

Figure 2-2 shows the various handling and treatment steps included in the
PILO process. The steps in the present-day method are also shown for the
sake of comparison. It should be pointed out that the PILO method is only
intended to be used for medium-level ion exchange resins. It is assumed
that low-level resins will continue to be treated by current methods.
(Incineration of these resins may be considered.)
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As a basis for an evaluation of the PILO process, the following studies
have been carried out during the year:

• Review of foreign experience from transports of dewatered radioactive
ion exchange resin

• Costs of transports

• Process study and cost calculations of a central full-scale plant for the
elution and sorption steps and for heat treatment of the inorganic ion
exchangers

• Material balances for the PILO process

• Degradation mechanisms in the final storage of siuted ion exchange
resin.

These theoretical studies have been supplemented with experimental
studies at Studsvik and the Royal Institute of Technology in Stockholm.
These studies includp:

• Flow tests in 50 1 columns with titanates

• Production of titanates

• Elution tests with borate-containing ion exchange resin from PWR

REACTOR SITE

Present method:

TRANSPORT

Storage
of spent
resins in
tanks
ax each
reactor
site

CENTRAL TREATMENT

Cementation or
biTumimsation

Dewatenng in
concrete
containers

On site inter-
mediate storage
of drums, concrete
moulds and concrete
containers

Transport to
SFR

Drums, moulds,
concrete containers

Low-level res'ns at
Oskarshamn plant
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Slurrymg of resins
into special trans-
port containers

Transport to
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colooted with
SFR

Elution ISorption'Sinteringh
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Canisters with smtered
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for final
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Figure 2-2. Alternative methods for treatment of ion exchange resin
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• Evaluation of the possibility of selectively extracting lithium from PWR
resins

• Heat treatment of zeolites and titanates by means of hot isostatic
pressing, uniaxial hot pressing and conventional sintering

• Leaching of Ihe heat-treated products

• Characterization of the heat-treated products

• Pyrolysis of ion exchange resin

The results of these and previously conducted studies will be compiled in a
report which is expected to be completed during the first half of 1982.
They are therefore not commented on in detail here. In summary, it can
be said that the work to date has shown that the method is technically
feasible and that final products with good leaching resistance can be
obtained.

2.3.6 Treatment of decontamination waste

The materials used in the decontamination of components and systems,
such as organic acids, can adversely affect the eolidification of the waste
in cement. A series of tests has been carried out to study how ion
exchangers loaded with decontamination waste can be treated in existing
solidification facilities at the nuclear power plants. Good results were
obtained in the bitumenization tests. Acceptable products were not,
however, obtained in the cementing tests. Nor did attempts to pretreat
the ion exchangers in various ways before solidification have positive
results.

2.3.7 Treatment and deposition of low-level solid waste

Only minor work has been done in this area in connection with discussions
with the regulating authorities concerning the possibility of depositing
this waste on the nuclear power plants sites.

2.4 WASTE FROM THE DISMANTLING OF NUCLEAR POWER PLANTS

Only minor work concerning waste from the dismantling cf nuclear power
plants has been done during the year in connection with cost calculations
for the back end of the nuclear fuel cycle. A small study was carried out
in connection with the 5FR work on how a final repository chamber for
most of the decommissioning waste can be designed.
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MATERIALS

3.1 VITRIFIED HIGH-LEVEL WASTE

Of the two waste forms, spent fuel and vitrified reprocessed waste, that
are being considered for high-level waste within the KBS project, the
main thrust of activities in 1981 has been on vitrified waste. Since the
glass composition for the La Hague process will be established within the
near future, it is important that the KBS work within this field be
coordinated with corresponding foreign activities.

The durability in water of simulated vitrified waste has been under
investigation for more than ten years at a rather large number of
laboratories the world over. Despite the relatively wide body of exper-
ience that has been accumulated, it is still difficult to compare results
from different laboratories. One of the reasons for this seems to be that
these complex glasses appear to be very sensitive to small variations in
water chemistry. It is therefore important that all experimental para-
meters be carefully controlled during the leaching experiments. The
relatively extensive international activities within the field of glass
durability and attempts to develop national and international standard
methods for glass leaching have contributed towards this realization.

The first phases in a three-year program for high-level waste glass were
completed during 1981. In the program, two alkali-boiosilicates called
ABS 39 and ABS 41 were investigated (see table 3-1). These glasses were
chosen during 1980 as being representative of the composition interval
within which the glass from the La Hague process w:|.l most likely lie.
Work on the final glass composition for UP3A at La Hague has progressed
since 1980. As soon as possible, the two KBS compositions will be replaced
by one that is more realistic.
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Table 3-1. Composition in percent by weight of ABS 39 and ABS 41

ABS 39 ABS 41

B2°3

ZnO

Fe2°3
uo2
Simulated fission products

48.5

3.1

12.9

19.1

5.7

1.7

9.0

52.0

2.5

9.4

15.9

3.0

3.0

3.0

1.7

9.0

3.1.1 Glass corrosion

The glass corrosion studies carried out during 1981 have been of two
types. In the first place, a pure glass-water interaction has been studied
for different types of water, and in the second place, the interaction
between glass and buffer material in the presence of water has been
investigated.

The glass-water interaction, which corresponds to a phase 1 in the studies
of simulated waste glass, was not finished during 1981, but partial results
have been reported. It is still too early to draw any far-reaching
conclusions from the available data. The results so far confirm previous
results, which show that ABS 41 is a more durable glass than ABS 39. The
difference in leach resistance is approximately three to one. A long-term
soxhlet test in accordance with ISO standards has also been carried out in
order to establish, among other things, the crystallizability of the glasses.
The results show that 14 days at 800°C only insignificantly alters the
leach resistance of the glasses, which thus exhibit good resistance to
crystallization.

The studies that have been made of the interaction between glass and
buffer material indicate a strong influence of bentonite on the leachabil-
ity of the glasses. The mechanisms of this interaction are as yet
incompletely understood, but a reaction possibly of an ion exchange
character, with Ca + in the bentonite, appears to be of great importance.

3.1.2 Surface analyses

Infrared reflexion has been used as a standard method in the glass
corrodion studies. Selected samples have additionally been investigated by
means of ESCA and SIMS. SIMS in particular has proven to be a powerful
method for determining the relative concentrations of the different
elements in the corrosion layers on the glasses. An example of results
from SIMS is shown in figure 3-1.
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3.1.3 Phase separation

An investigation at the Technical University of Denmark at Lyngby
concerning metastable phase separation in ABS 39 and ABS 41 was con-
cluded during 1981. The immiscibility gap for the two glasses has been
established and the investigations show that both glasses lie outside of the
region for phase separation (see figures 3-2 and 3-3). The solubility of
molybdenum in ABS 39 and ABS 41 has also been determined. For both
glasses, the solubility lies well above the expected molybdenum concen-
trations in the waste glass.

3.1.4 In situ experiments at Stripa

In situ experiments have been carried out during 1981, where simulated
waste glass has been deposited together with canister material and
bentonite in boreholes at Stripa.

Glass ABS 39 - Bentonite, 28 days, 90°C

Ca\
10

rel.conc.
log.scale

Na

(Mm)

Figure 3-1. Concentration profile from the surfac to a depth of about 8 jim taken from glass
ABS39 after 28 days of contact with compacted bentonite
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So far, the 14-day, 28 day and 3-month samples have been evaluated and
the preliminary results verify equivalent laboratory results. This means
that the bentonite interacts strongly with the glass, but due to the low
water content of compacted moist bentonite, the attacks on the glass are
less severe than in the laboratory. In three months of exposure, no or very
little interaction between the glass and the canister material has been
demonstrated.

3.1.5 The J5S project

Most of the studies of the durability of glass in granite and bentonite
surroundings are performed with non-radioactive glasses. The results of
these studies must be verified by experiments with radioactive glasses.
Owing to the high costs of such studies, a joint project between
SKBF/KBS, NAGRA (Switzerland) and CRIEPI (Japan) has been agreed
upon. The project, called the JSS project, will start in 1982 and continue
until 1985. The phenomena which will especially be studied are the
importance of a radiolysis for glass dissolution, the leaching of actinides
and the interaction between glass, granite and bentonite. These phe-
nomena will be studied with the aid of radioactive tracers. The experi-
mental work within the project will be conducted by Studsvik Energiteknik
AB and EIR, Switzerland.

80

wt % SiO2

70 60 50

• Homogenous glass

Partly crystallized glass

v Separated glass, bulk composition

+ Immiscibility boundary

Figure 3-2. Part of the 80 wt % Na20 B2O3 SiO2 phase related to the multicomponent ABS-41
system r,hov.ing the compositions of the investigated glasses and the 6(JC*>C immiscihility isotherm
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Figure 3-3. Variation of the 600°C immiscibility isotherm for glasses in the ABS-41 (A) and ABS-39
system as a function of fission products and other additional components. For explanation of symbols,
see figure 3-2

The radioactive glass blocks will be manufactured by CEA, Marcoule and
supplied by COGEMA.

3.2 SPENT FUEL

Foreign research efforts are considerably more modest for spent fuel than
for glass. The results that exist from fuel leaching generally come from
rather widely differing test methods and are also very difficult to
compare, owing in part to the different methods of reporting data and in
part to the fact that the fuels that have been leached have varied widely
and have often been poorly characterized. Nevertheless, so much data has
been collected over the past years that it may be meaningful to carry out
a second generation of fuel leaching trials in Sweden.
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The guidelines for a program of leaching/corrosion studies on spent fuel
have been worked out in connection with a mini-workshop with represent-
atives of Battelle PNL, Los Alamos Scientific Laboratory and AECL that
was held at Studsvik in the autumn. The intention is to form from among
the participants in this workshop an advisory group that meets more
regularly.

3.3 CANISTER MATERIAL

3.3.1

Tests of the electron beam welding of 100 mm thick copper material have
been conducted by Leybold-Heraeus and Sciaky.

Evaluation of the te3t welds shows that weld quality is not satisfactory.
The joints have contained pores of varying size and relatively extensive
cracking has occurred. It hcs not yet been fully clarified whether the weld
defects are due to incorrect welding parameters or the choice of copper
as a material. Further weld tests are planned for 1982.
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ENGINEERED BARRIERS, DESIGN

4.1 CANISTER

As an alternative to proposals previously presented in KBS-2 /1-2/, a
method of encapsulating nuclear fuel in pure copper by means of hot
isostatic pressing, HIP, has been proposed. In this method, spent nuclear
fuel assemblies are enclosed in compressed copper powder, instead of lead
as in the previous proposal, and surrounded by a copper container that is
sealed in the hot isostatic pressing. Tests have been conducted on a small
scale, whereby a simulated top part of a fuel assembly (see figure 4-1)
with associated part of top tie plate and spacer were placed in a copper
container, after which the spaces were filled with copper powder, the lid
and the casing were applied and the entire package was pressed together
in a single step at 500-550°C and an external isostatic pressure of about
150 MPa (see figure 4-2). Very good results have been achieved in the HIP
tests. A program for continued tests on a larger scale is under prepara-
tion.

4.2 CLAY BARRIERS

4.2.1 General

In KBS-1 / l - l / and KBS-2 /1-2/, bentonite-based clay buffers were used
as components in multibarrier systems for the storage of high-level waste
at a depth of approximately 500 m in the bedrock. The functional
requirements on the buffer material included that it should provide
mechanical protection for the canisters and limit the flow of groundwater
even after minor rock displacements, which is made possible by the
self-healing capacity of the material. It has been proposed that buffer
barriers with the same characteristics be used in the final repository for
reactor waste, SFR (see chapter 8), with a number of different types of
clays and clay mixtures being considered as candidates for use as backfill
between the rock and the concrete.
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Figure 4-1. Fuel assembly, top part, with I). 9 m long copper container, copper powder, lid and
casing with tube for evacuation

4.2.2 Bentonite

The swelling mineral smectite, the main constituent of bentonite, forms a
gel together with water and exerts a higher swelling pressure the higher
its density is.

As a result of this property, bentonite will migrate in a water-filled rock
fissure with lower density farther into the rock fissure as a result. The
stability and rheoloqical properties of the bentonite gel are dependent on
the groundwater composition. Systematic measurements of viscosity and
studies of these stability conditions have been commenced with the aim of
gathering data for a calculation model for bentonite migration in rock
fissures of varying width. The rheoloqical properties of high-density
bentonite are of great importance for the mechanical interaction between
the canister, the bentonite and the rock, for example for the load-bearinq
capacity of the canister and for the stresses in the canister caused by
rock movements. Measurements of stress-strain relationships in bentonite
as a function of time and temperature have been initiated for the purpose
of gathering data for a theoretical physical model permitting comparison
of sodium bentonite, calcium bentonite and, possibly, illitic clay.
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Figure 4-2. Fuel assembly part completely enclosed in capper after hot isostatic pressing

4.2.3 Illite and other clay materials

The possibility of using Swedish clay material from glacial deposits is
being explored. The Lake Mälaren area contains late-glacial strata of e.g.
Ancylus clay, which is a fine-grained, illitic clay material. There are clays
in southern Sweden with a smectite content that make them comparable
to 10-30% bentonite mixtures.

4.2.4 Chemical stability of clay materials

In order to shed light on the rate of chemical changes in the boundary
between clay and concrete, old specimens of concrete and similar
materials with clay contact have been examined at the State University
of New York. The specimens examined exhibit chemical changes in only a
very restricted zone.

4.3 PLUGGING OF BOREHOLES AND SHAFTS

Boreholes, tunnels and shafts in a final repository must be sealed in
connection with the closure of the final repository in order to prevent the
groundwater flow from transporting radionuclides to the biosphere.

The swelling and barrier properties of highly compacted sodium bentonite
make such bentonite a suitable material for effective borehole plugging.

An initial attempt to test such a technigue was made in early 1980. Since
then, systematic investigations in the laboratory and the field show that
the technigue should be applicable on a full scale.

A detailed description is given in KB5 TR 81-09 of the technique of using
perforated pipes with highly compacted bentonite to seal boreholes (see
figure 4-3).
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CHEMISTRY

5.1 GENERAL

Investigations within the chemistry program are aimed particularly at
studying the chemical conditions that influence the degradation of the
canister material, thv* dissolution of the waste matrix and the transport of
radionuclides in the buffer and the rock. This requires a thorough
environmental characterization, the gathering of basic chemical data on
solubility, complex formation and redox reactions of constituent sub-
stances, analysis of chemical transport phenomena such as diffusion and
sorption and investigation of the influence of radiolysis in the near field.

Up until October 1980, KBS shared the responsibility for the chemistry
investigations with PRAV / 5 - 1 / . With some exceptions, PRAV, in close
cooperation with KBS, has been in charge of the investigations having to
do with radionuclide transport in the geosphere. These studies are
described below under the heading "Far-field radionuclide transport".
Since PRAV was disbanded, KBS has assumed responsibility for these
projects, for which purpose it has carried out a reorganisation where the
responsibility for the various investigations has been divided among three
main consultants (see figure 5-1). A special coordinating group monitors
and supervises the program.

5.2 GROUNDWATER CHEMISTRY

5.2.1 Chemical com osition

Groundwater samples have been collected from various levels in seven
deep boreholes ii> the Finnsjö area. In KråkemSla, water samples have
been collected in sections in one hole, and on the Sternö Penninsula in
sections in two holes (see figure 6-2).

Water samples have been collected in fracture zones of relatively high
water permeability. In addition to normal groundwater analyses, water
from certain levels has also been subjected to analysis for organic
material /5-2/, uranium and thorium isotopes and carbon, hydrogen,
oxygen and carbon isotopes. Certain tracer analyses have also been
performed. The results indieite that the nature of the groundwatp: can
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Figure 5-1. Organization of ongoing chemical studies

vary widely in both the vertical and horizontal directions. Such variations
have previously generally been assumed to be due to the intrusion of
saline seawater at a former time. Thus, for example, chloride levels in
excess of the current concentration in the Baltic Sea have been measured
in the Finnsjö area. The chemical composition of the groundwater is also
dependent on the composition of the fracture minerals /5-3/. Datings by
means of the C method indicate that the age of the water varies from
relatively young to about 6 000 years (cf. sqction 5.2.3.).

5.2.2 Redox conditions

The redox properties of the groundwater are of crucial importance for
corrosion of the canister, dissolution of the waste and sorption of
liberated radionuclides. The level of bivalent iron in the tested samples
indicates reducing conditions. The pH and sulphide ion level can also
affect the redox potential.
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2_
A measuring probe for determination of pH, Eh and pS (sulphide level)
directly in the boreholes is under development and a model is beinq
developed to evaluate these measurement data.

5.2.3 Groundwater dating

Groundwater samples from the Rinnsjö area, Kr3kemåla and Sternö have
been dated by means of the C method. However, the method is
associated with numerous uncertainties and problems. The carbon isotope
composition of the groundwater can be affected by calcite minerals, in
addition to which mixing and exchange can take place with other
groundwater in fractures and micropores in the rock. Nevertheless, the
method should provide some idea of the relative age of the water and
afford some opportunity to check the hydraulic model computations.

Dating with the aid of the krypton isotope Kr should have considerable
advantages over the C method. Sorption and exchange with surrounding
minerals do not seem to have the same effect here. KBS has initiated a
joint project with NAGRA in Switzerland for development of the Kr
method.

5.3 NEAR-FIELD CHEMICAL TRANSPORT

This heading refers to the transport of dissolved species and reactions
within the buffer and the first metres of selected rock around the
deposition holes.

5.3.1 Transport model for the near field

A model has been developed to describe the transport of oxidants (mainly
sulphides) in to a waste canister and the migration of radionuclides out
from the near field. The former process is of great importance, since it
determines the rate of corrosion of the canister material.

A number of calculations have been carried out of the inward transport of
oxidants with this model. These calculations show that most of the
transport resiitance occurs at the transition between the buffer and the
very slow-flowing groundwater in the surrounding rock - the so-called
"film resistance". This agrees well with previous calculations according to
a highly simplified model, where the existance of film resistance was
explicitly posited (KBS TR-79).

5.3.2 Ion diffusion in bentonite

Diffusion experirnents have been conducted with radioactive isptopes of
the ions Cs , Sr \ I" and Cl" in highly compacted (2.1 t/m ) sodium
bentonite (KBS TR 81-06). Diffusivity for the negative ions is of the same
order of magnitude as for the positive ions or even slightly lower, which
shows that the simple pore diffusion model is not applicable, since this
model would lead one to expect slower diffusion of positive ions due to
sorption in the bentonite. The values of diffusivity for the negative ions
are, on the other hand, unexpectedly low, indicating a considerable
diffusion resistance for these ions.
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Supplementary tests have been conducted with the diffusion of Cs and
Sr in sodium and calcium bentonite with a new type of diffusion cell
where, among other things, any filter resistance has been jeliminated
(KBS TR 81-12). These tests verify the results for Cs and Sr referred
to above and also show how the diffusion is affected by different types of
bentonite, degrees of compaction and homogenizing times.

5.3.3 Radiolysis in bentonite

The radiation from the high-level waste can cause molecular decomposi-
tion of the water that comprises some 20% of the water- saturated highly
compacted bentonite around the waste canister. In principle, the radiation
outside an undamaged copper canister (gamma and neutron radiation) can
give rise to gas format'on (hydrogen and oxygen) and changes in the redox
conditions. Outside a 200 mm thick copper canister, the effects are
totally insignificant. The question is of greater interest for thin canisters
or after extensive corrosion of the canister wall. The latter only occurs
after a very long time, when most of the activity has decayed. If the
water comes into contact with the waste, the alpha radiation makes the
greatest contribution to the radiolysis.

A comparison between computations and experiments with regard to
gamma radiolysis in bentonite with varying water content shows that it is
possible to simulate the effects of radiolysis outside an undamaged
canister of varying thickness using kinetic models for radiation chemistry.
Calculations are also carried out for alpha radiolysis. Since the transport
of hydrogen and oxidants is of crucial importance for the radiolysis and
vice versa, the work is being coordinated with the development of a
transport model for the near field.

5.4 FAR-FIELD RADIONUCLIDE TRANSPORT

5.4.1 Diffusion into the rock matrix

Diffusion in the micropores of a rock mass is of very great importance for
the degree of sorption of radionuclides that are transported with the
groundwater from a final repository. An extensive experimental project is
currently being conducted to study these phenomena more closely.

Laboratory studies of sorption with various radionuclides on crushed rocks
and minerals have been carried out showing that diffusion does occur into
micropores /5-4/. Preliminary laboratory measurements performed on
pieces of rock with natural fracture surfaces show that the fracture
minerals can be of importance for diffusion into the rock mass. These
studies will be broadened during 1982.

Field tests have been started to verify the existence of a system of
interconnected micropores in the unaffected rock mass that permits the
diffusion of radionuclides. Non-interacting tracers have been circulated
under low pressure (0.9 MPa) for three months in a 20 mm borehole in the
Stripa mine (granite) (see figure 5-2). After overcoring of the hole and
leaching of samples from the drilled-out core, an interconnected pore
system has been found at such a distance from the 20 mm hole that
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disturbances caused by the drilling procedure should be negligible (see
figure 5-3). Naturally occurring fracture minerals have not clogged the
micropores. A second phase of further field tests ha~ been started.

The field studies in the Finnsjö area with non-interacting tracers of small
and large molecular weight and thereby different diffusivities have shown
that a tracer of high molecular weight (Dextran) has, as expected, moved
faster than tracers of low molecular weight.

The extent to which this can be explained by diffusion of the different
tracers into the rock mass has not yet been evaluated.

The direct results of these tests can be extrapolated far into the future.
Studies of diffusion phenomena that have proceeded during geological
time would constitute a valuable complement. A review of the literature
has been conducted, but no studies have been found whose results can be
used here. The literature review has, however, provided a basis for
planning of the continued search for geological evidence of diffusion.

Parts of the Finnsjö area contain groundwater with an extremely high
chloride content. Chlorides do not occur naturally at these levels in
crystalline rock, so they must have been introducec1 from the outside.
Studies are being conducted to show whether this fact can be utilized to
prove diffusion into the rock mass.

• Pump

Borehole 0 146 mm

- Packer

Borehole 0 20 mm

Figure 5-2. Non-sorbing tracers were injected in the smaller hole, after which this hole and the
surrounding rock were overcored with the same diameter as the larger hole. The distribution of
tracer in the drill core was analyzed. The rock around the little hole can be regurded as undisturbed
by tunneling and drilling approximately 30 cm from the large hole and 4 cm out from the little hole
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Figure 5-3. Comparison between measured relative concentration of Cr-EDTA in the rock at varying
distances from the injection hole and a theo'etical curve for non-sorbing tracer with the following
assumption concerning the rock matrix: diffusivity in the pore water I • 10~ 13 m/s and porosity
0.34 %. The test period was 82 days

5.4.2 Sorption of radionuclides on mineral surfaces

The sorption of actinides in well-defined valence states (Am(IH), Th(IV),
Np(V) and U(VI)) on different minerals is being studied. The sorption (K
value) of these species is controlled to a high degree by the conditions in
the solution and to a lesser degree by the type of mineral. The redox
conditions and pH level in the groundwater are consequently of crucial
importance for the degree of sorption of these species.

The composition of weathered fracture surfaces and fracture minerals can
depart significantly from that of the host rock. This is why the sorption of
radionuclides of Cs, 5r and Am on fracture minerals has been studied.

2+ .3+The sorption of Cs"1", Sr^x and EuyT in natural fractures from drill cores
(200 x 300 mm) and the distribution of Eu on the fracture surface after
the test have also been studied /5-5/. Natural drilled-out fractures have
also been used for testing non-interacting tracers such as sodium ligno-
sukihonate, Rhodamine WT, Uranine, Cr-EDTA, THO (tritiated water),

I and Br.

5.4.3 Dasic chemical data

Solubility, complex formation and redox equilibria have been studied for
uranium, lanthanum and cerium in carbonate solutions. The equilibrium
constants measured show that the carbonate content of the groundwater
determines the dissolution of uranium dioxide.
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Tetravalent and hexavalent uranium have been used as models for
actinides in corresponding valence states and trivalent lanthanides as
models for trivalent actinides. The entire existing chemical data base -
i.e. solubility, complex formation and redox equilibrium constants for Pa,
Th, U, Np, Pu, Am and Tc - is being examined in order to obtain a good
description of the reactions of these elements with groundwater.

5.4.4 Colloids

The formation of americium colloids is being studied under various
conditions, along with the sorption and mobility of these colloids in a
column and their mobility in an electric field /5-6/. Similar work is being
done with thorium.

5.4.5 In situ migration experiments

Tracer tests between boreholes from the ground surface have been carried
out at different places as a part ofitl?e hydrogeological investigations (see
chapter 6). Active tracers ( Sr, I and THO) have been used for this
purpose at Studsvik. Tests with non-interacting tracers in a single
fracture are being conducted in the Stripa mine (see chapter 9).
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GEOSCIENCE

The geoscientific activities have two main thrusts:

• Site investigations, i.e. inventory and investigation of the bedrock of
Sweden with the aim of finding suitable areas for a final repository for
high-level waste.

• Research and development

6.1 SITE INVESTIGATIONS

Figure 6-1 shows the long-range timetable for the site investigations.
Investigations are planned during the 1980s within 10-20 areas. Of these,
a few will then be chosen for more detailed investigations during the
1990s. A final selection of the repository site will be made towards the
close of the century.

PRAV previously started a general inventory of the Swedish bedrock for
selection of investigation sites. When PRAV was disbanded, KBS assumed
responsibility for this activity. The inventory has been concentrated
primarily on the rock types gneiss and gabbro /6-1 and 6-2/. In areas
previously investigated by KBS (the Finnsjö area, KrakemSla and Sternö,
see figure 6-2), these studies have been primarily concerned with granite.

The following factors are taken into consideration in the selection of
study areas:

• General geology (uniformity, distance to major zones of disturbance)

• Topography (preferably a flat highland ridge)

• Absence of workable deposits

• Land ownership

The Geological Survey of Sweden (SGU) has been commissioned by KBS to
carry out the site investigations. The standard program for the investi-
gations includes the following main items:
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Figure 6-1. Final repository for high-level waste, general time schedule

The first phase consists of general studies of a number of areas, including

• Review of existing geological information

• Overall geological assessment, based on map and aerial photography
studies plus recognaissance of the area

• Hydrological and geophysical assessment based on available material
(such as well data and previous geophysical surveys)

If an area is deemed suitable for further investigation, preliminary
investigations are carried out in a second phase, including

• Geological and tectonic mapping

• Geophysical surface investigation

• Drilling of an approx. 700 m deep "reconnaissance hole" (core borehole
0 56 mm)

After evaluation of the resultant data and comparison between different
areas, a decision is made as to whether the investigations should be
pursued into a third phase including

• A number of boreholes to a depth of 100-150 m to determine the
occurrence and dip of observed or presumed fracture zones
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FINLAND

NORWAY

MALMÖ

1. Taavinunnanen
2. Kamlungekölen
3. Gideå
4. Svartboberget
5. Finnsjön
6. Fjällveden
7. Björksund
8. Kråkemåla (no activity 1981)
9. Karlshamn (no activity 1981)

10. Kynnefjäll (no activity 1981)

Figure 6-2. Study areas



• 6-8 core boreholes, t 56 mm, 500-700 m in length, in positions and with
gradients determined on the basis of previous observations

• Measurement of hydraulic conductivity, groundwater head and geo-
physical guantities in the deep core boreholes

• Chemical analyses of groundwater samples from different levels

• Calculation of groundwater movements on the basis of measured data
with the aid of mathematical models. The calculation results will then
constitute the information base for the safety analysis of the site in
guestion.

Preliminary investigations have been performed in 1981 within the follow-
ing areas (see figure 6-2):

Svartboberget in the municipality of Ovanäker
Gideä in the municipality of Örnsköldsvik
Fjällveden in the municipality of Nyköping
Björksund in the municipality of Nyköping
Taavinunnanen in the municipality of Kiruna
Kamlungekölen in the municipality of Kalix

After reconnaissance drillings, more detailed investigations (phase 3) have
been begun within the following areas:

Svartboberget (Vcötna). The bedrock consists of gneiss. The local study
area is about 4 km . Seven deep (down to about 700 m) core boreholes and
eight hammer boreholes (to about 150 m) have been drilled under the
auspices of PRAV.

G idea. The bedrock consists of gneiss. The local study area is about
4 km . A total of seven deep core boreholes and 25 hammer boreholes are
planned.

Fjällveden. The bedrock consists of gneiss. The local study area is about 6
km . A total of seven core boreholes and about 20 hammer boreholes are
planned.

6.2 RESEARCH AND DEVELOPMENT

6.2.1 Hydroloqical models

The first phase in the development of a 3-dimensional model for ground-
water flow in crystalline bedrock in which heat is generated by deposited
high-level waste was completed during 1980. This model is now under-
going successive extension. For example, the influence of anisotropy on
hydraulic conductivity can now be studied. Similarly, the influence of the
thermal expansion of the rock blocks on the permeability of the rock to
water has been studied, along with the influence of density differences
due to variation in the salinity of the groundwater.
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6.2.2 Instrumentation and methods

Relatively extensive work has been done during 1981 on the further
refinement of instruments and methods for hydrogeological measure-
ments. For instance, a new outfit has been developed for in-borehole
measurement of the hydraulic conductivity of the rock. This outfit is now
ready for measurement in the boreholes in the new study areas. The outfit
is highly automated and the packers for section measurement are lowered
together with a pressure sensor and a thermometer on a multihose (a hose
with several channels and lines), permitting rapid lowering of the instru-
ments into the holes. The principle for measurement in a section is to
record the flow rate at a constant applied water pressure for two hours,
after which the water supply is interrupted and the pressure decline
recorded. Preliminary processing cf the results takes place directly on
site via a computer. All data is also transferred to a cassette deck for
final evaluation (see figures 6-3 and 6-4).

The groundwater sampling equipment developed in 1980 has now been
tested in the field. Water samples are taken for further analyses in the
laboratory. This sampling is controlled by changes in pH, Eh, pS " or pCL
which are measured continuously and recorded digitally. Besides ground^
water samples, samples can also be taken of e.g. the qas content of the
water (see figure 6-5).

Tests have been conducted with different types of packers for sectioning
of boreholes in connection with hydraulic tests.

Various methods for measurement of fhe hydraulic conductivity of the
bedrock have been tested and the importance of the length of the
measurement sections has been investigated.

6.2.3 In situ investigations

Seven deep core boreholes and a number of shallower hammer boreholes
were previously drilled in an area just east of Finnsjö Lake in northern
Uppland County. Hydrological, geological and some geophysical investi-
gations have been carried out within the area. The purpose of these
investigations is, firstly, to gain a better understanding of the conditions
that determine groundwater movements and, secondly, to develop im-
proved measuring methods. The Stripa mine also affords opportunities for
investigations in a realistic environment.

There can be various main transport pathways for the groundwater in a
fracture zone. This has been studied with the aid of tracers in the Finnsjö
area (KBS TR 81-07). The hydraulic conductivity of the main transport
pathways as well as dispersivity, porosity and fracture widths have been
calculated whereby different non-interacting tracers have been used.
Similar studies have been carried out Studsvik in preparation for transport
studies of radioactive elements.

Field studies of the 3-dimensional flow of the groundwater with the aid of
tracers have been started in the relatively permeable part of the Finnsjö
area, where tracer studies were previously conducted. Preliminary studies
have been initiated in a small rock volume at Stripa for study of the 3-
dimensional flow in rock of low hydraulic conductivity.
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6-3. Interior of carriage for data collection

In addition to the development work mentioned above being done within
the field of hydrogeology, studies are also being conducted within the
international Stripa program (see chapter 9).

6.2.4 Geophysics

Borehole measurements of the hydraulic conductivity of the bedrcck only
provide information on conditions in the immediate vicinity of the
boreholes. It is also desirable to elucidate the conditions between differ-
ent boreholes or between the boreholes and the ground surface. It should
be possible to do this using geophysical methods. Fllectric between-hole
measurements have been carried out for PRAV within the Finnsjö area
and have produced promising results. An expanded program where electro-
magnetic and seismic methods wil l also be studied is under discussion.

6.2.5 Studies of fracture movements

A field study has been made of rock outcroppinqs, where displacements
can be observed along individual rock fractures. Observations have been
made within nine areas between Oregrund and Karlshamn of a total of
1385 such fractures, 490 of which are intersected by glacial grooves.

95% of Ihe fractures and all glacial grooves exhibit no visible displace-
ment. Thus, no traces have been found of displacements that have
occurred since the most recent glaciation.
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Figure 6-4. Interior nj''airriuw /<"' i

Older displacements T O found to have ;m average magnitude in excess
of 50 m. It is known that the Swedish Prpcainbrian bedrock has remained
more or less in its present-day surface position and without major
deformations for at least 600 million years. If it is assumed that displace-
ments have occurred randomly during this period of time, the probability
that an arbitrarily chosen 5 m length ''eguai to the length of a waste
canister) should have been intersected by n rock displacement within a
period of 100 000 years is less than 1 in 50 000. This applies to natural
rock displacements, with no consideration given to the possible effects of
storage chambers blaster) out nf the rock.

The majority of the displacements observed can be shown to be associated
with deformation» in the Precarnbrian bedrock during even early epochs,
when physical conditions for displacement were more favourable. The
probability of the waste canisters being damaged by natural displacements
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Packer
Groundwater pump
Measuring tank
Mixer
Pressure gauge
Vacuum bag with diaphragm
Electrodes
Sampling bottles
Precipitation tanks for C 14 samples
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Display screen
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Figure 6-5. Schematic diagram for chemistry sampler. The outfit samples groundwater automatically
and continuously measures certain parameters such as Eh, pH, pS, pC>2, conductivity and temperature

is therefore less than the statistically calculated probability cited above.
(KBS TR 81-16).

6.2.6 Investigations of fracture age and determination of fracture minerals

On assignment for Prav, determinations have been made of the minimum
age of fractures by study of oxygen and carbon isotopes and of liquid
inclusions in fracture minerals /5-3/. Studies performed thus far on
samples from the Finnsjö area and Stripa indicate that the fracture
minerals studied were deposited at other temperatures and temperature
gradients than those that have existed during and since the most recent
ice age. They also show that minerals may have been precipitated in the
same fracture on a number of different occasions. Further datings of
fracture minerals through fission-tracer studies are currently being
conducted, along with studies of the distribution of oxygen and carbon
isotopes between the groundwater and the minerals.

6.3 SEISMOLOGY

An average of ten earthquakes that are recorded and localized by the
Department of Seismology at the University of Uppsala occur annually in
Sweden. Without exception, they are of small magnitude. Quakes can
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occur superficially, with a focal depth of about 2 km, such as the
Bergshamra quake in 1979 (KBS TR 80-09), which was followed by many
aftershocks.

For the purpose of gathering more data on earthquake mechanisms in the
Swedish bedrock, seismological studies of aftershocks have been initiated.
These studies make use of a new system of mobile seismometers, that can
quickly be set up on sites where a main shock has been recorded. A system
is under development and is expected to be ready to be used for its
purpose in 1982. By means of close-range study of the aftershocks, their
distribution and their nature, it should be possible to gain a better
understanding of, for example, the volume of rock that participates in
movements and stress redistributions.
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SAFETY ANALYSIS

7.1 GENERAL

According to the internal organization scheme adopted for KBS, the
safety analysis program also includes responsibility for program and data
development on the dispersal of radioactive elements in the biosphere.

The work done during the year has primarily been concerned with
dispersal in the biosphere, partly on the basis of the variation analysis of
the biosphere dispersal model carried out in the main during 1980
(KBS TR 81-03).

In addition to the work on the mathematical models for groundwater
movements and near-field transport reported in sections 6.2 and 5.2, work
is continuing on the model for nuclide transport in the geosphere.

7.2 DATA

The literature data concerning transfer factors for natural radioactive
elements between different reservoirs in the biosphere varies widely. A
study at Finnsjö Lake indicates results where the value for transfer from
ground to lake water is several powers of ten less than previously used
values (KBS TR 81-04). Two studies have been completed during the year
to determine the natural levels of uranium and radium in groundwater and
the distribution of these elements between water and sediment.

Uranium, radium and radon levels in 42 wells that form part of the
so-called "groundwater network" in Sweden are reported in KBS TR 81-
08. Within this network, data on undisturbed groundwater is gathered from
75 areas scattered all over the country. Observations concerning such
factors as groundwater level, water chemistry and temperature have been
gatnered during a 10-20-year period in order to shed light on the natural
pattern of variation.

The results, broken down according to bedrock and aguifer type, are
presented in table 7-1 and are essentially in agreement with previously
reported values for natural background levels /1-2/.



Table 7-1. The aquifer dependence of the uranium, radium and radon
activities

Bedrock a c
sampling
location Type of aquifer Uranium

mBq/1

25
7.4

14
59

Median values

Radium-226 Rqdon-222
MBq/1 Bq/1

6
2.5

3.5
97

70
25

b?
115

Number of
samples

8
12

14
8

Sedimentary
bedrock

Granitic and
gneissic bed-
rock

Soil aquifer
Rock aquifer

Soil aquifer
Rock aquifer

In connection with uranium prospecting in Sweden, SGU has collected a
large number of water and sediment samples from various locations in the
country. KBS has had these data compiled and analyzed to study uranium
distribution factors between water and sediment (KBS TR 81-11). The
following conclusions have been drawn from the material.

• The uranium level in water and creek peat will be high if any of the
following conditions is fulfilled for the bedrock:

1. High background level of uranium
2. High fracture frequency in the bedrock
3. Good teachability for the uranium in the bedrock
4. Presence of uranium mineralizations

• The uranium level in the water fluctuates due to the influence of
environmental factors (such as precipitation). The fluctuations over-
shadow the influence of the geological environment at low levels. At
higher levels, the fluctuations become less dominant and the correlation
between the uranium content of the water and the uranium content of
the bedrock becomes more pronounced.

• The uranium level in water and creek peat are positively correlated at
high levels, but the correlation becomes progressively weaker at lower
levels. This is due to the fluctuations in the uranium content of the
water, described above.

In view of these results, a greater emphasis will be placed on statistics en
water discharge rate and precipitation in future studies of this type.

An in-depth study of three natural springs with high radium and uranium
levels and well-defined run-off areas has been conducted during the year
and will continue during 1982. In all, some 1000 samples will be collected
in order to determine the uranium/radium balance in the system.

A special study has been initiated of uranium/radium equilibria in soil,
groundwater and crops. Emphasis will be placed on studies of the form in
which the activity exists in the soil and the degree to which the elements
are accessible for leaching. The results of the work are expected to be
available to be reported during 1982.
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7.3 MATHEMATICAL MODELS

The work on a nuclide dispersal model for the geosphere (the geosphere
transport model) is largely concluded and the work will be reported during
1982. The model is currently being adapted to be used in series with other
mathematical models.

The input data requirements of the model are shown in figure 7-1, whose
layout represents the mode of operation of the model. The model is also
included in the international evaluation and comparison of nuclide disper-
sal models being, INTRACOIN, managed by the Swedish Nuclear Power
Inspectorate, SKI. / 7 - 1 / . A report on the result of this work is also
expected during 1982.
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Figure 7-1. Data requirements and interrelationships for geosphere transport model for nuclides in
the far zone
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8 FINAL REPOSITORY FOR REACTOR
WASTE, SFR

8.1 GENERAL

Of the two concepts for a Final Repository for Reactor Waste (SFR)
presented in the 1980 KBS Annual Report, the silo alternative has
appeared to be both cheaper and technically preferable. This alternative
has therefore been selected as a basis for the continued work.

The work during 1981 has been aimed at working out a complete proposal
for a final repository by the end of the first guarter of 1982, including a
finished layout with description of and data on a repository site, radiation
protection, barriers against activity dispersal etc.

The current timetable (see figure 8-1) calls for the first phase of the
repository to be commissioned by no later than 1988.

8.2 SAFETY PHILOSOPHY

Neither Swedish nor international standards exist today concerning the
design of a final repository for radioactive waste.

On the basis of the recommendations of the International Comrrission on
Radiological Protection (ICRP) and Swedish regulations governing releases
from nuclear power plants, the following four points have been established
as a basis for the design and safety of the SFR during the storage phase.

1. The functional assessment of the facility shall be based on reasonably
conservative assumptions concerning the parameters included in the
analysis, whereby expected events and changes during the storage phase
have been taken into account.

2. The final repository shall be designed in such a manner that local
regulations governing radioactive releases can still be complied with.

3. The function of the facility in extreme situations or during very long
periods of time, where an application of the conditions existing today
would be meaningless, shall be described in order to shed light on the
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Figure 8-1. Time schedule for phase 1 of SFR 1

environmental impact potential of the radioactive waste. The conse-
quences shall be related to the ICRP's proposed limit of 1 mSv/year as a
lifetime average.

4. Since very large uncertainties exist regarding long-range demographic
trends and living habits, it would seem to be pointless to attempt to
assess the possible harmful effects of the final waste storage scheme on
the basis of a global collective dose commitment integrated over
infinite time. The integration has been limited to 10 000 years as a
reasonable value.

8.3 OTHER DESIGN REQUIREMENTS

In view of the various types of waste that are to be handled and stored in
the SFR, the storage chambers should be designed differently for differ-
ent types of waste. This is dealt with in greater depth in connection with
the description of the repository.

The repository's barrier system shall be sized to limit environmental
impact in order to permit a future expansion of the repository. Such
expansions may be necessary if the predicted amount of operating waste
turns out to have been underestimated or if other waste categories, such
as dismantling waste and core components, are to be stored in the
repository.
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Figure 8-2. Location of SFR within the Forsmark area

8.4 SITING OF THE SFR

As is evident from figure 8-2, the SFR is proposed to be located beneath
the seabed immediately north of the Forsmark Power Station harbour. The
reason for this siting is the very low groundwater gradient, which will
ensure a low groundwater flow through the repository. As long as the
surface of the rock above the repository is located beneath the sea, there
is no reason to fear that a drinking water well will be drilled through the
repository area. However, owing to the process of postglacial land uplift,
the rock surface will eventually be exposed to the atmosphere. By this
time, however, the waste will have decayed to a harmless level.

Nearness to the power station has also influenced the choice of repository
site, while the demands on the bedrock are so moderate that they are of
subordinate importance.

Co-siting of the repository with a power station permits co-utilization of
personnel and equipment.

8.5 DESCRIPTION OF THE REPOSITORY

The facility consists of a terminal section above ground and a storage
section underground, where final storage of the waste is to be effected.



Figure 8-3. Underground sections af SFR 1

The design of the storage section in the SFR has been governed by the
various reguirements associated with the handling of various types of
reactor waste.

The largest activity guantities (over 90%) will be placed in the most
escape-proof repository, namely the silo. This storage chamber has
multiple barriers consisting of, in the order mentioned: the waste itself,
900 mm of concrete, 1 300 mm of clay barrier and, finally, the host rock.

In addition, there are various types of storage chambers with simpler
barriers. Concrete tanks are to be placed in tunnels blasted in the rock
and backfilled with concrete.

Low-level solid waste will be placed in rock vaults, without any additional
measures being necessary. One special type of waste is the waste that
might give rise to gas formation during long-term storage. The largest gas
guantities could result from corrosion, which generates hydrogen. Under
the influence of the carbon dioxide formed by the decomposition of
cellulose, considerable hydrogen gas can be produced. Waste that is
suspected of containing cellulose will therefore be stored in a special rock
vault from which the gas can escape without being accompanied by
radioactivity.

The underground section of the repository is shown in figure 8-3.
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8.6 ENVIRONMENTAL IMPACT

When there is no further waste to deposit, the facility will be sealed and
abandoned. The repository will then function as a passive system which is
highly resistant to external influences. However, natural groundwater
flow will cause some outwara transport of radionuclides from the reposi-
tory. This outward transport has been calculated for a reference case
based on conservatively chosen premises. Accordingly, it has been
assumed that the radionuclides possess unlimited solubility in water - all
but carbon -14, which is bound tightly to concrete - and the leakage of
radionuclides from the repository through the rock has been assumed to
take place without any retardation due to chemical reactions with the
surrounding rock. In actuality, these two effects will keep the dose value
much lower than those reported here.

With the selected calculation premises, a maximum environmental impact
is obtained approximately 10 years after closure of the repository for
these sections where the outward transport mechanism is groundwater
flow. For the silos, where diffusion governs the outward transport, the
maximum will not come until about 7 000 years after closure. The size of
this maximum will vary depending upon what the recipient looks like then.
Figure 8-4 gives the dose rates to individuals in the critical group in
relation to established dose criteria. The reference cas? in the figure
relates to the dose about 10 years after closure. The dose after that is
lower. With very unfavourable assumptions concernina recipients, how-
ever, the same dose level can be reached once again approximately 7 000
years after closure.

In summary, it can be said that even very extreme events, such as major
rock movements or the drilling of a drinking water well through the
repository, will give individual doses that lie within acceptable limits.

Criteria

ICRP recommended limit
for general population

.v:*:-:-:-:*v:-r*->:-:-:v*

ICRP recommended limit
for prolonged exposure

Design limit for Swedish
nuclear power plants

f

.

Rem/year

1

w,

10-2

10-3

10"

10-5

10 6

Consequences

Natural background

Reference scenario
(reasonably pessimistic assumptions)

Figure 8-4. Calculated individual dose rates from the SFR I repository compared with applicable
or recommended limits
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THE STRIPA PROJECT

9.1 BACKGROUND

A joint international research project concerning the storage of radio-
active waste from nuclear power plants in crystalline rock is currently
being pursued in the Stripa mine in the Bergslagen district of central
Sweden.

The participants in the project, which is an autonomous OECD/NEA
project, are Finland, Japan, Switzerland, Sweden and the United States,
plus France and Canada as associate members.

The studies in the Stripa mine, which are being conducted at the 350 m
level in a cjranite formation, will proceed during the years 1980-1984 and
the total cost is estimated to amount to about SEK 50 million.

The Stripa Project is a continuation of the now concluded cooperation at
Stripa between the US Department of Energy through Lawrence Berkeley
Laboratory (LBL), USA, and the KB5 Department within the Swedish
Nuclear Fuel Supply Company (SKBF). The reports published from this
cooperation are listed in Appendix 6.

An account of the activities within the Stripa Project is given annually in
a special report. A brief summary is given below.

9.2 RESEARCH PROGRAM

The Stripa Project includes t'.e following studies:

• Hydrological investigations in boreholes

The purpose of the investigation is to develop methods and technology
for hydrological measurements in horizontal boreholes and to determine
the chemistry of groundwater at great depths (down to 1 200 m below
the surface) in crystalline bedrock.
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• Migration experiments

The main purpose of the migration experiment is to study the mechan-
isms for the transport of sorbing and non-sorbing tracers in a well-
defined single fracture.

• Buffer test

The goal of the buffer test is to verify under realistic conditions results
obtained previously in the laboratory regarding temperature, water
absorption capacity, pore pressure and swelling pressure and to test the
handling and application of bentonite as a f i l l material (buffer) in
deposition holes and tunnels.

The three programs are described in "Summary of Defined Programs",
Stripa Project TR 81-01 (see Appendix 7).

9.3 ACTIVITIES DURING 1981

9.3.1 Hydroloqical investigations in boreholes

Two 300 m long horizontal holes plus one 500 m deep vertical hole were
drilled during 1981 from the 360 m level in the mine.

Equipment for the investigations in the boreholes was manufactured and
the measurements were begun.

Water sampling in the different holes is being carried out and analyzed in
accordance with the directions of an international advisory group.

9.3.2 Migration experiments

A preliminary experiment intended to study the methodology and equip-
ment was completed and the results reported during 1981.

The modification and manufacture of new equipment was begun, together
with preparations in the mine for the continued work.

9.3.3 Buffer test

During 1981, 2 of 6 simulated electrically heated waste containers were
deposited in a 3.5 m deep hole drilled in the floor of a tunnel at the 350 m
level in the mine. The containers, which are surrounded by highly
compacted bentonite, emit a heat flux of 600 W, which results in a
maximum temperature in the bentrnite of about 70 C. Following deposi-
tion, the tunnel was filled with a mixture of sand and bentonite, after
which this part of the tunnel was sealed by a heavy steel wall.

Figure 9-1 shows a schematic illustration of the buffer test.

A large number of measuring instruments, connected to a computer, are
placed in the fi l l material and in the rock.
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Figure V-/. Schematic drawing of the buffer lesi

9.4 REPORTS

The activities within the Stripa Project are described in a special report
series. Reports published to date are listed in Appendix 7.

9.5 STRIPA PROJECT - PHASE II

The OECD/NEA and the participant countries have expressed an interest
in a possible expansion of the research program v/ithin the Stripa Project,
and discussions have commenced on a phase I I . So far, proposals have been
presented for the fnllowinq new investigations:

• Investigation of larqe rock volumes with the aid of between-hole
measurements (qeophysical and hydroloqical)

• Three-dimensional migration experiment

• Sealing of boreholes and shafts with bentonite
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9.6 OTHER ACTIVITIES AT STRIPA

Besides activities within the Stripa Project, KBS has conducted the
following investigations in the mine with its own funds:

• Glass leaching experiment (see chapter 3)

• Preliminary study of sealing of boreholes with bentonite (see chapter 4)

• Diffusion of non-sorbable component (see chapter 5)
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10 COSTS

10.1 GENERAL

As described in chapter 1.3, financing of the disposal of the radioactive
waste products is regulated by the Financing Act, which provides that the
nuclear power utilities shall pay annual fees to a government reserve for
coverage of the future costs of waste disposal. In order to determine the
size of the fees, SKBF has, through KBS, outlined a program of action for
waste disposal (see figure 1-4). Layout drawings have been prepared for
the different facilities that have to be built and costs have been
calculated for initial investment, operation and dismantling of the facili-
ties.

The work during 1981 has consisted of developing a computerized calcula-
tion system and gathering cost data. A summary of the results of the
calculations is expected to be published during the first half of 1982.

10.2 PREMISES FOR LAYOUT AND COST CALCULATIONS

Since several lines of development are conceivable for the Swedish
nuclear power program, one alternative must be selected that provides as
high a degree of probability as possible. Figure 1-4 shows the different
facilities and the path of the waste between them on which the total cost
assessment is based. The following premises have been assumed.

• The Swedish nuclear powei program is limited to the 12 reactors that
are in operation or under construction, and no reactor shall be in
operation after the year 2010.

• Only currently contracted fuel quantities (867 tonnes) will be reprocess-
ed.

• Final storage will take place in the Swedish bedrock at various depths,
depending on the longevity of the radioactivity in the waste.

• The high-level waste and the spent fuel will be encapsulated.



72

• Transports between the different facilities will be made by special
vessels, whereby the waste will be contained in transport casks or
special containers.

• Timetable for the facilities (see figure 1-4 and table 1-2).

The approximate total waste quantities that will have to be disposed of
within these premises are given in chapter 1, table 1-1.

10.3 DESIGN WORK

In connection with the assessment of the size and design of the storage
facilities and treatment plants, the handling of the waste has been
analyzed and the equipment described. In the case of facilities that lie
close in time (CLAB and SFR), this work has been done in detail within
special project groups, while projects that lie farther in the future have
been dealt with in a more general fashion, based on the principles outlined
in previous KBS reports. The analyses also includa projections of person-
nel, consumable materials and spare parts and, in the case of certain work
operations, special studies, for example of the fabrication of copper
canisters.

10.4 COST CALCULATIONS

All costs have been calculated in January 1981 price levels and are
reported in a computerized system where all cost items are time-bound.
The costs for each facility have been broken down into investment,
operation, reinvestment, closure and dismantling plus builder costs (land
acquisition, procurement, inspection etc.). A further breakdown is then
made into process and building works and, finally, materials and wages.

In the cost calculations, various allowances have been added to the basic
costs in order to allow for uncertainty in the data and unforeseen events.

Special studies are being made of the sensitivity of the costs to changes in
governing premises. The calculation system also permits a distribution of
the costs among the different nuclear power units.
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SUMMARIES OF TECHNICAL Appendix 5
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KBS Technical Report No 81-01

A NOTE ON DISPERSION MECHANISMS IN THE GROUND

Ivars Neretnieks

Royal Institute of Technology, March 1981

SUMMARY

Two mechanisms for the spreading of a tracer pulse are

discussed. Stratified flow and diffusion in the rock maxtrix

are normally not accounted for when the hydrodynamic disper-

sivity is evaluated from tracer tests in the ground. It is

shown that where there is stratified flow, the spreading of

a tracer pulse cannot be described bv the Fickian diffusion -

- dispersion approach. If a dispersion coefficient were

evaluated from such an experiment, the disperion coefficient

would grow proportionally to the observation distance.

When a tracer flowing with the water in the channels of a

geologic medium can diffuse into the porous matrix of the

solid, a tracer pulse will spread. The spreading due to

this mechanism cannot be described by Fickian dispersion.

In a special case when the time for matrix penetration is

long, the observed tracer pulse will have an infinitely long

tail. If the conventional moment method is used to determine

a dispersion coefficient in such cases, the results will

depend on the detection limit of the tracer to a very large

extent.
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KBS Technical Report 81-02

RADIOLOGICAL EXPOSURE FROM SHORE SEDIMENTS
CONTAINING THORIUM-229

Karl Anders Edvardsson
Sverker Evans
Studsvik Energiteknik AB, 1981-01 >'

SUMMARY

External and internal exposure from thorium-229 entering the

aquatic recipient from a hypothetical fuel repository for HLW

and contaminating the shore has been investigated. Earlier

calculations performed with the computer code BIOPATH showed

that the external exposure pathways will give rise to the

main contribution to the total dose burden. However, the

dose assessments are uncertain. Thus an equal accumulation

of thorium has been assumed in bottom sediments and shore

sediments, and that no shielding occurs. This will lead to

an overestimation of the radiation dose. Neither daughter

products nor 3-radiation in the decay chain of thorium-229

has been considered which in turn can lead to an under-

estimation of the dose.

The aim of the present study is to carry out more realistic

calculations of the external and internal exposure of

thorium-229, considering both daughter products and 3~

radiation. The external dose has been assessed under the

assumptions that:
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thorium-229 in the shore sediment is in steady state

with its daughter products

- the activity is homogeneously distributed in the

shore sediment

- radiation absorption occurs in air.

The calculations have been performed for the heights

1.0 and 0.1 m above the ground.

To determine the horizontal and vertical distribution of

naturally occurring thorium in shore sediments, field

measurements were performed. A homogeneous distribution

of thorium can be considered relevant for the further dose

calculations.

The external y-dose rate from 1 uCi of thorium deposited on

the shore was calculated to 5 " 10 rem h . The

contribution from 3-radiation will give a dose commitment

of the same order of magnitude. As skin dose the &-dose
-4 -1

rate is equivalent to 1 • 10 rem h . The dose commitment

to the skeleton for an intake of 1 nCi of thorium-229 is

90 rem.
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KBS Technical Report 81-03

ANALYSIS OF THE IMPORTANCE FOR THE DOSES OF VARYING
PARAMETERS IN THE BIOPATU-PROGRAM

Ulla Bergström

Studsvik Energiteknik AB, 1981-03-06

ABSTRACT

The doses to individuals and populations from water-borne

nuclides leaked from a repository have been calculated

earlier using the computer program BIOPATH: The turnover

of nuclides in the biosphere is thereby simulated by the

application of compartment theory. For the dominant

nuclides in the disposal an analysis of the importance

of varying parameters has been done, to decide how strongly

uncertainties; in data will affect resulting doses. The

essential part has been the transfer coefficients but also

the uptake in the food-chains has been studied. The

purpose of the study has also been to make proposals for

forthcoming efforts to improve the basis for such

calculations. The study shows the great importance of

the surface water-soil-groundwater-drinking water system

for the dose. Thereby the ,m,st important question is

the solubility of the nuclides in the different water

reservoirs.

Performed within a joint research program in co-operation

with SKBF/KBS.
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KBS Technical Report 81-04

URANIUM AND RADIUM IN FINNSJÖN - AN EXPERIMENTAL APPROACH
FOR CALCULATION OF TRANSFER FACTORS

Sverker Evans
Ronny Bergman

Studsvik Energiteknik AB, 1981-05-07

ABSTRACT

The radiological safety studies for underground disposal

of HLW show that the future individual and collective doses

to an important extent may originate from groundwater borne

radium and uranium which reach the biosphere. Indications

that the dispersion rates presently used give rise to

overestimations of calculated doses justified an investigation

for more realistic turnover rates of radium and uranium than

those which now are in use.

Within one of the sites selected for testing, the area

around lake Finnsjön, a small number of environmental

samples were collected and analyzed with respect to radium

and uranium and the new transfer coefficients between soil

and lake water were derived.

The dose rates obtained with the new transfer factors

show a close agreement for radium and a slight increase

for uranium compared with earlier calculations.
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KBS Technical Report 81-05

CANISTER MATERIALS PROPOSED FOR FINAL DISPOSAL OF HIGH-LEVEL
NUCLEAR WASTE - A REVIEW WITH RESPECT TO CORROSION RESISTANCE

Einar Mattsson

Swedish Corrosion Institute, Stockholm, June 1981

SUMMARY

Spent fuel from nuclear reactors has to be disposed of

either after reprocessing or without such treatment. Due

to toxic radiation the nuclear waste has to be isolated

from the biosphere for 300-1,000 years, or in extreme

cases for more than 100.000 years.

The nuclear waste will be enclosed in corrosion resistant

canisters. These will be deposited in repositories in

geological formations, such as granite, basalt, clay, bedded

or domed salt, or the sediments beneath the deep ocean floor.

There the canisters will be exposed to groundwater, brine or

seawater at an elevated temperature. Species formed by

radiolysis may affect the corrosivity of the agent.

The corrosion resistance of candidate canister materials is

evaluated by corrosion tests and by thermodynamic and mass

transport calculations. Examination of ancient metal objects

after long exposure in nature may give additional information.

On the basis of the work carried out so far, the principal

candidate canister materials are titanium materials, copper

and high-purity alumina.
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KBS Technical Report 81-06

ION DIFFUSION THROUGH HIGHLY COMPACTED BENTONITE

Trygve Eriksen
Department of Nuclear Chemistry
Royal Institute of Technology, Stockholm

Arvid Jacobsson
Roland Pusch
Division Soil Mechanics
University of Luleå
1981-04-29

ABSTRACT

Compacted Na- and Ca-bentonites were contacted with aqueous
, ftS 9+ 1 *\ 1 — *\f\

solutions of i"'~tCs , Sr , I and Cl- and the

diffusivities calculated from tracer concentration -

distance profiles in the bentonites 10 days after the

onset of diffusion.

In the case of I and 3°C1 the diffusivities were

also determined by measuring the steady state transport

through a 5 mm thick bentonite disc.

The experimental results D 2+ (2.3-4.8) x 10~ , D +

br Cs

(0.34-0.75) x 1 0 ~ U , Dx- 1 x 10~
12 and Dcl~ 6 x 10~

12m2sec~1

indicate that the diffusion through compacted bentonite is

governed by complex mechanisms and cannot be accomodated by

simple pore diffusion model. It seems reasonable to assume

that non-sorbing ions migrate in the pore water, while

cations also move through smectic crystal lattices,

preferably through interlamellar spacings according to an

ion-exchange-type model. The very low diffusion rate of the

investigated anions, as compared with the corresponding

ra~e in bulk water, "erifies that the diffusive resistance

is very strong for these ions.
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STUDIES ON GROUNDWATER TRANSPORT IN FRACTURED CRYSTALLINE
ROCK UNDER CONTROLLED CONDITIONS USING NONRADIOACTIVE TRACERS

Erik Gustafsson
Carl-Erik Klockars

Geological Survey of Sweden, Uppsala, April 1981

SUMMARY

KBS (the Nuclear Fuel Safety Project) has commissioned SGU

(the Geological Survey of Sweden) to study transport

mechanisms in crystalline bedrock within the Finnsjö field

research area with the aid of certain tracers.

The purpose of the investigation has been to study the

following parameters along existing fractures between two

boreholes:

o Hydraulic properties of rock mass and fractures

o Adsorptive properties of some selected tracers during

transport along fractures

o Dispersivity and diluation of tracers during transport

in fractures

o Kinematic porosity of fractured bedrock

The procedure has been to determine the hydraulic properties

of a rock mass be means of conventional hydraulic testing

methods in 100 m deep boreholes, and to study transport

•zhanisms and properties of selected tracers in a selected

fracture zone between two boreholes.
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In summary, hydraulic tests and tracer experiments reveal the

following with regard to the hydraulic parameters of hydraulic

conductivity and kinematic porosity:

o The studied fracture zone has a hydraulic conductivity of

2—3 • 10 m/s, and its constituent main transport zones

(representing about 90% of the total flow in the fractured

zone) have a hydraulic conductivity of 3-5 • 10 and
-3

1-2 • 10 m/s, respectively

o Kinematic porosity, calculated as the ratio between the

hydraulic conductivities of the rock mass and the fracture
-A

zone, is 8-9 • 10

o The roughness factor 3, which expresses the ratio between

measured and calculated (plane-parallel) fracture conductivity,

is approximately 0.2

o Calculations of fracture width give varying values depending

upon the calculation method used. Water quantity calculations

give approximately 20 times greater width than transport

velocity calculations. The latter calculations give a

fracture width of about 7 ' 10 m (0.07 mm)

The results and conclusions of comparison between the tracers

Rhodamine WT, NO-, I , Br and Cr-EDTA give the following:

o Rhodamine WT shows a weak retardation and sorption compared

with N0~ and I

o I , NO,, and Cr-EDTA appear to be comparable as non-reactive

tracers

o Br exhibits lower recovery in comparison with NO and I

o The natural occurence of N0_ and Br can, in some cases,

cause difficulties in interpreting results where NO and

Br are used as tracers

In summary, the tracer tests with radial flow show the following

with regard to dilution and dispersion:

o The studied fracture zone consists of at least two transport

pathways with different hydraulic characteristics



103

o The dispersivity of the two transport pathways is 0.9 - 1.2 m.

o Dispersivity calculated for the entire fracture zone

(macrodispersivity) is approximately 10 times greater than

for the individual transport pathway

o The dilution of the tracer in the case of instantaneous

injection is mainly dependent upon the flow geometry and

less on dispersion and dilution in the pump well

o The dilution due to hydrodynamic dispersion has been

calculated to be about 1:9 (calculated for peak values).
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KBS Technical Report 81-08

NATURAL ACTIVITIES OF URANIUM, RADIUM AND RADON IN GROUNDWATER

Mats Aastrup

Geological Survey of Sweden, Uppsala, October 1981

SUMMARY

Introduction

The aim of the investigation was to get information of the

range of the activities of the radioactive isotopes of uranium,

radium-226 and radon-222 in groundwater in aquifers of different

geological settings. Correlations with other chemical parameters

were made.

Methods of investigation

Forty-two stations included in the National Groundwater

Observation Network, which is a monitoring project governed

by the Geological Survey of Sweden (SGU), were sampled in

late August and the first week of September 1980. The

geographic distribution of the sampling stations is presented

in Figure 1. The samples were collected in polyether.e bottles

with a volume of five litres, and sent to Studsvik Energiteknik AB

for analysis.

The characteristics of the sampling stations are given in

Table 1. The sampling stations consist of natural springs,

production wells, drilled boreholes and observation tubes.
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Of the 42 sampling stations 22 are withdrawing groundwater from

aquifers in unconsolidated rocks and 20 from consolidated ro. ks.

The number of stations in different bedrock areas are: gr.: i.te 14,

gneiss 8, quartzite 2, sandstone 4, limestone 12 and shales 2.

Results

No correlations could be found between the radioactive isotopes and

other chemical parameters (pH, conductivity, HC(K, Cl, SO^, Na, K,
2

Ca, Mg). Uranium and radon are weakly correlated 'r = 0.61), bur

not uranium and radium, nor radium and radon.

The distribution of the activities of the isotopes are very skew,

with a few very high activities (log-normal distribution).

The uranium activities range from 2.5 to 1100 mBq/1. The median is

14 mBq/1. The high values are linked with granites, which have a

median of 35 mBq/1. The groundwaters of sedimentary rocks have gene-

rally very low uranium activities. (Figures 2 and 3, Table on page 9).

The radium activities are lower than the uranium activities. They

range from 0.5 mBq/1 to an extreme of 1900 mBq/1, with a median of

3.9 mBq/1. (Figures 4 and 5, Table on page 14). Even the high radium

activities are linked with groundwaters in granitic areas (median

6.8 mBq/1), which is also the case for radon (median 92 Bq/1).

The activities of radon-222 in groundwater are thousand to tenthousand-

fold those of uranium and radium-226. They range from 3.2 to 1500 Bq/1

with a median of 55 Bq/1. (Figures 6 and 7, table on page 18).

Higher concentrations of U, Ra-226 and Rn-222 have been founc1 in

groundwaters from consolidated rocks than in groundwaters from

unconsolidated material in areas with granitic- and gneissic bedrock.

In sedimentary rock areas the situation is quite the opposite with

higher activities in aquifers of unconsolidated material, most likely

depending on the presence of material originating from areas outside

the sedimentary bedrock area, deposited by the ice during the

Pleistocene.
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KBS Technical Report 81-09

BOREHOLE SEALING WITH HIGHLY COMPACTED Na BENTONITE

Roland Pusch

Div. of Soil Mechanics, University of Luleå

1981-12-07

ABSTRACT

Nuclear waste repositories will be crossed by some boreholes

extending from the ground surface and they have to be sealed

effectively in order not to form passages for nuclides to the

biosphere. This report describes the use of highly compacted

Na bentonite for borehole plugging. Bentonites have an extreme-

ly low permeability and a low diffusivity, and a swelling

ability which produces a non-leaching boundary between clay

and rock if the -'nitial bulk density of the bentonite is suf-

ficiently high.

The suggested technique, which is applicable to long vertical,

and inclined, as well as horizontal boreholes, is based on the

use of perforated copper pipes to insert elements of compacted

beni.onite. Such pipe segments are connected at the rock sur-

face and successively inserted in the hole. When the hole is

equipped, the clay takes up water spontaneously and swells

through the perforation, and ultimately forms an almost completely

homogeneous clay core. It embeds the pipe which is left in the

hole.

Several tests were conducted in the laboratory and one field

test was run in Stripa. They all showed that a gel soon fills

the slot between the pipe and the confinement which had the

form of metal pipes in the laboratory investigations. Subse-
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quently, more clay migrates through the perforation and produces

a stiff clay filling in the slot. The redistribution of minerals,

leading ultimately to a high degree of homogeneity, can be descri-

bed as a diffusion process. The rate of redistribution depends

on the joint geometry and water flow pattern in the rock. In

rock with an average joint frequency of one per meter of higher,

very good homogeneity and sealing ability of the clay are expec-

ted within a few months after the application of the plug.
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LOCAL AND REGIONAL AVERAGE ANNUAL RUN OFF IN THE SURROUNDINGS

OF SVARTBOBERGET

Jan Olof Skifte

VIAK AB

1981-11-30

ABSTRACT

The aim of this study was to estimate local and regional average

annual run off in the surroundings of Svartboberget located close

to the middle of Sweden roughly 100 km west of the Baltic. It

was also meant to give an idea of reliability of given run off

figures and possible improvement using a more sophisticated

approach including direct measurements of precipitation discharge

and deeper analysis of discharge records.

The study was based on economical, topograhical and geological

maps as well as areal photographs. Some basic publications from

"Sveriges Meteorologiska och Hydrologiska Institut" were used as

"De svenska vattendragens arealförhållanden", "Run off map of

Sweden" and "Stream flow records of Sweden".

Precipitation and evaporation as basic parameters have been dis-

cussed and developed by Mr Bertil Eriksson, SMHI.

2
Run off was estimated to be 9.9 1 /s km locally with a proposed

2

uncertainty within ±0.5 1/s km . This uncertainty may be di-

minished to half that figure with the proposed measurements during

a period of 10 years.
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STUDY OF URANIUM CONCENTRATIONS IN WATER AND ORGANIC MATERIAL

FROM STREAMS IN SWEDEN

John Ek

Geological Survey of Sweden, Uppsala

December 1981

ABSTRACT

The purpose of the investigation has been to study how uranium

concentrations in stream water and organic material are related

to various geological parameters such as rock types, average

uranium content and radioactivity, fracturing, leachability of

uranium from the bedrock, occurrence of uranium mineralizations

and thickness and type of Qur.rternary deposits. The investi-

gation has also taken account of the effects of environmental

factors such as climate, precipitation, height above sea level

and topography.

14 areas have been selected from those sampled by the Geological

Survey of Sweden (SGU) for geochemical prospecting. The areas

chosen represent as many geological parameters and environmental

factors as is possible. 5878 samples have been taken of organic

material from streams from 14 areas, and 407 water samples from

5 areas.

The study has only included material which was already sampled

and analyzed by SGU. The results have been statistically treated.

For the organic samples, the dry weight content of uranium is

the value used in this study, and for the water samples, only

values over 0.1 ppb were used due to lack of analytical precision

for low concentrations.
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The geographical position of the areas studied is given in appen-

dix 1, and the statistical parameters for the organic material

and water are given in appendices 3 and 4 respectively. For in-

terpretation of the results, the median (M) has been used as the

background value, and the median + a standard deviation (M+16)

as the threshold value. These values have been interpreted using

knowledge gained of the geological and environmental factors for

each of the 14 areas. In order to study the relationship between

the uranium content in the water and that of the organic material

from the same sampling point, a correlation coefficient has been

calculated for three different concentrations.

The background concentration of uranium in organic stream sedi-

ment varies from 1 ppm to 45 pptn, with a background value of 10

ppm for all 14 areas considered together. The threshold value

for organic stream material varies from 3 ppm U to 303 ppm U with

a threshold value of 133 ppm U for all 14 areas considered to-

gether.

For water, the background concentration varies between the 5 areas

from 0.2 ppb U to 0.7 ppb U with a background value of 0.4 ppb U

for all 5 areas together. The threshold value varies from 0.3 ppb

U to 5.2 ppb U with a threshold value of 2.9 ppb U for all 5

areas together. An investigation of the frequency distribution

shows that uranium concentrations in both organic strea.n material

and water are log-normal with a strong positive skewness and high

kurtosis.

An investigation of the correlation between uranium concentrations

in water and organic stream material from one and the same sampling

point shows a positive correlation for high concentrations, but

the correlation becomes successively less significant with lower

concentrations. It is assumed that this is the result of fluc-

tuations in uranium concentrations in water caused by environmen-

tal factors (for example, variations in precipitations).

Uranium concentrations in organic stream material and water are

positively correlated with the following geological parameters:
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1) Background concentrations of uranium in the bedrock

2) Abundance of fractures in the bedrock

3) Leachability of uranium from the bedrock

4) Presence of uranium mineralizations

For organic stream material, this positive correlation is ob-

tained for both high and low uranium concentrations whereas for

water it occurs only with high concentrations.

In areas of broken topography and high relief, there is a more

clearly defined correlation to the bedrock than in areas of

level topography.

In areas with a thin covering of local till there is a clearer cor-

relation to the bedrock than in areas with thick layers of

till or fluvioglacial deposits.

Climate seems to be of little importance with regard to uranium

enrichment in organic stream material.
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ION DIFFUSION IN COMPACTED SODIUM AND CALCIUM BENTONITES

Trygve Eriksen

Department of Nuclear Chemistry

Royal Institute of Technology, Stockholm

Arvid Jacobsson

Division Soil Mechanics, University of Luleå

February 1982

SUMMARY

The diffusivities of Sr and Cs+ in compacted Erbslöh Ca-ben-

tonite and Mx-80 Na-bentonite have been determined by various

tracer techniques. Whereas the diffusivity of Sr2+ was found

to be (1.5±0.2)-10~11m2 -sec ~1 in both bentonites the diffu-

sivity of Cs+ was found to be (7+2)- 10~13 and (2.5+0.5)•10~12

m "sec~1 in Erbslöh and Mx-80 respectively. A comparision of

the diffusivities of Sr and Cs+ with the diffusivities of Cl"

and I" earlier obtained shows that high K<j-values are not ne-

cessarily an indication of immobilization i.e. a simple pore

diffusion model with retardation of the diffusing ions by sorp-

tion processes is not valid for Sr2+ and Cs+. Water ratio

(density) and homogenization time were not found to have any

measuiable effect on the diffusivity of the cations.
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THERMAL STABILITY OF ION-EXCHANGE RESINS

Jussi-Pekka Aittola

Jan Chyssler

Hans Ringberg

Studsvik Energiteknik AB

1981-12-15

SUMMARY

The action of heat, radiation and oxidants on carbonchain poly-

mers, such as ion-exchange resins, often cause irreversible che-

mical changes in macro molecules. These changes can be e g the

rupture of the carbon-carbon single or double bond, and/or the

degradation of the macro molecule. Ion-exchange materials also

contain the far less stable bonds between functional groups and

the polymer matrix. For this reason the thermal stability of

ion-exchange materials is mainly based on the behaviour of the

functional groups, which are responsible for the ion-exchange.

The solidification of the ion-exchange resin waste usually in-

volves elevated temperatures. Bituminization is carried out at

13O-16O°C. Cementation is carried out at room temperature.

However, cementation can generate temperatures of up to 100-120°C

in the solidification product during the curing period.

In this study the swelling/shrinking properties of different ion-

excharee materials have been studied in air and water as a func-

tion of the drying time and temperature. The air dried resins

were used as the reference material. The effect of sodium sul-

phate as a possible additive to reduce swelling was studied. The

experiments which were performed and results observed are dis-

cussed in detail in Appendices A-C. Appendix D is a special lite-
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rature survey on the thermal properties of ion-exchange resins.
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INVESTIGATION OF METASTABLE IMMISCIBILITY IN NUCLEAR-WASTE-

GLASSES I-III

John Engell

John Gutzon-Larsen

Lone Miller

GjerUff Roed

The Technical University of Denmark, Copenhagen

December 1981

ABSTRACT

Metastable liquid-liquid separation in glasses can often cause

significant changes in physical and chemical properties of the

original homogeneous glass. In some technical borosilicate

glasses this phenomenon is used to change the chemical durability

of the glass. For potential nuclear-waste-glasses the slow

cooling through the temperature range 550°C-700°C may lead to

such a liquid-liquid phase separation. In order to investigate

the susceptibility of phase separation of nuclear-waste-glasses,

two KBS model glasses, ABS-39 and ABS-41, were investigated.

Two of the subsequent reports are concerned with this problem.

The third report also takes into consideration the effects of

M0O3 on the immiscibility gap. The maximum amount of MoO-j that

can be dissolved in ABS-39 and ABS-41 is also determined.
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EFFECT OF Fe^jfcnO ON TWO GLASS COMPOSITIONS FOR SOLIDIFICATION

ON SWEDISH NUCLEAR WASTES

Jean Luc Nogues

Université du Languedoc

Larry L Hench

University of Florida

November 1981

SUMMARY

Low melting alkaliborosilicate glasses have been considered for

use in the immobilization of high level radioactive wastes for

years (1-2). A recent study comparing the surface behaviour of

two nuclear waste glasses concluded that "Addition of Fe2O3 to

a soda borosilicate nuclear waste glass significantly reduces

damage by water attack because of a Fe-rich film that forms

on the glass surface". (3) However, in the previous study there

were significant differences in the concentration of SiO2, B2O3,

CaO and simulated fission products in the glasses which made it

impossible to ascribe the improved leach resistance solely to

Fe20- content. Thus, the objective of the present investigation

is to compare the leaching and surface behaviour of two nuclear

waste glasses which differ only by the substitution of Fe20^ for

some of the ZnO in the glass. By this comparison we hope to

establish whether Fe2O.j provides a unique contribution to im-

provements in the leach resistance of these complex glasses.

Both glass compositions studied are compatible with the low

melting temperature, < 1150°C, required for the French AVM

Process. The quantity of simulated waste products is 9%, cha-

racteristic of the Swedish nuclear waste program.
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Conclusions:

Replacement of half of the ZnO in an alkali-zinc-borosilicate

nuclear waste glass with Fe2O, degrades leach resistance by

approximately a factor of 3. Leach rates for the higher ZnO con-

taining glass after 28 days are generally in the range of 5.10"^

g.cm-2 . d"1 for B 3 +, Al 3 +, Mo 6 +; 2.10'5 g. cm"2 . d"1 for Na+,

Si4+; and 2 to 7.1O"6 g.cm"2 .d"1 for Fe 3 + and Zn2+. The sur-

face of both types of glass appears to be protected by dual pro-

tective layers, one rich in SiOo and a second very thin film rich

in multivalent species. The second film that contains a mixture

of Zn and Fe is less effective as a diffusion barrier and is less

resistant to network breakdown than the film without the Fe

This apparently is because a critical concentration of multi-

valence species is necessary to stabilize the second protective

film. Differences in SA/V ratios effect the formation of the

protective films and the rates of surface damage of the glass.
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PREDICTIVE GEOLOGY IN NUCLEAR WASTE MANAGEMENT

Otto Brotzen

Stockholm

July 1980

ABSTRACT

The present situation at a specific site in the Baltic Shield

is viewed in the light of its geologic history. Prediction, at

a given level of confidence and from a limited number of drill-

holes, of the minimum average spacing of conductive zones in sub-

surface rocks of low hydraulic conductivity is based on a com-

bination of the binomial and Poisson distributions, regarding

the holes as a profile sampling and assuming a cubic pattern of

fractures.

The data provide an empirical basis for linking the nature and

frequency of past geologic events to their local effects. Spe-

cial attention is given to the preservation of tectonic blocks of

large rock-volumes with very low hydraulic conductivity through-

out the present cratonic stage, during which intermittent move-

ment took place in marked fault-zones bordering the Shield, and

three different orogenies affected the surrounding regions. Rock-

mechanical, stochastic and deterministic approaches are utilized

to predict future effects from this basis.
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PUBLISHED LBL-KBS-REPORTS Appendix 6

1. Swedish-American Cooperative Program on Radioactive Waste
Storage in Mined C'verns, P A Witherspoon and 0 Degerman.
(LBL-7049, SAC-01).

2. Large Scale Permeability Test of the Granite in the Stripa
Mine and Thermal Conductivity Test, Lars Lundström and
Haken Stille.

3. The Mechanical Properties of the Stripa Granite, Graham
Swan (LBL-7074, SAC-03).

4. Stress Measurements in the Stripa Granite, Hans Carlsson
(LBL-7078, SAC-04).

5. Borehole Drilling and Related Activities at the Stripa
Mine, P J Kurfurst, T Hugo-Persson and G Rudolph (LBL-
7080, SAC-05).

6. A Pilot Heater Test in the Stripa Granite, Hans Carlsson
(LBL-7086, SAC-06).

7. An Analysis of Measured Values for the State of Stress in
the Earth»s Crust, Dennis B Jamison, and Neville G W Cook
(LBL-7071, SAC-07).

8. Mining Methods Used in the Underground Tunnels and Test
Rooms at Stripa, B Andersson and P A Halén (LBL-7081, SAC—
08).

9. Theoretical Temperature Fields for the Stripa Heater Pro-
ject, T Chan, Neville G W Cook, and C F Tsang (LBL-7082,
SAC-09).
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10. Mechanical and Thermal Design Considerations for Radioacti-
ve Waste Repositories in Hard Rock. Part I: An Appraisal
of Hard Rock for Potential Underground Repositories of Ra-
dioactive Waste, N G W Cook; Part II: In Situ Heating Expe-
riments in Hard Rock: Their Objectives and Design, N G W
Cook and P A Witherspoon (LBL-7073, SAC-10).

11. Full-Scale and Time-Scale Heating Experiments at Stripa:
Preliminary Results, N G W Cook and M Hood (LBL-7072; SAC—
11).

12. Geochemistry and Isotope Hydrology of Groundwaters in the
Stripa Granite: Results and Preliminary Interpretation, P
Fritz, J F Barker, and J E Gale (LBL-8285, SAC-12).

13. Electrical Heaters for Thermo-Mechanical Tests at the Stri-
pa Mine, R H Burleigh, E P Binnall, A 0 DuBols, D 0 Norg-
ren, and A R Ortiz (LBL-7063, SAC-13).

14. Data Acquisition, Handling, and Display for the Heater Ex-
periments at Stripa, Maurice B McEvoy (LBL-7062, SAC-14).

15. An Approach to the Fracture Hydrology at Stripa: Prelimina-
ry Results, J E Gale and P A Witherspoon (LBL-7079, SAC-
15).

16. Preliminary Report on Geophysical and Mechanical Borehole
Measurements at Stripa, P Nelson, B Paulsson, R Rachiele,
L Andersson, T Schrauf, W Hustrulid, O Dur an, and K A Mag-
nussen (LBL-8280, SAC-16).

17. Observations of a Potential Size-Effect in Experimental De-
termination of the Hydraulic Properties of Fractures, P A
Witherspoon, C H Amick, J E Gale, and K Iwai (LBL-8571,
SAC-17).

18. Rock Mass Characterization for Storage in Nuclear Waste in
Granite, P A Witherspoon, P Nelson, T Doe, R Thorpe,
B Paulsson, J E Gale, and C Forster (LBL-8570, SAC-18).

19. Fracture Detection in Crystalline Rock Using Ultrasonic
Shear Waves, K H Waters, S P Palmer, and W F Farrell (LBL-
7051, SAC-19).

20. Characterization of Discontinuities in the Stripa Granite-
Time Scale Heater Experiment, R Thorpe (LBL-7083, SAC-20).

21. Geology and Fracture System at Stripa, A Olkiewicz, J E
Gale, R Thorpe, and B Paulsson (LBL-8907, SAC-21).
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22. Calculated Thermally Induced Displacements and Stresses for

Heater Experiments at Stripa, T Chan and N G W Cook (LBL-

7061, SAC-22).

23. Validity of Cubic Law for Fluid Flow in a Deformable Rock

Fracture, P A Witherspoon, J Wang, K Iwai and J E Gale (LBL-

9557, SAC-23).

24. Determination of In-Situ Thermal Properties of Stripa Gra-

nite from Temperature Measurements in the Full-Scale Heater

Experiments: Methods and Primary Results, J Jeffry,

T Chan, N G W Cook and P A Witherspoon (LBL-8424, SAC-24).

25. Instrumentation Evaluation, Calibration, and Installation

for Heater Tests Simulating Nuclear Waste in Cl.rystalline

Rock, Sweden, T Schrauf, H Pratt, E Simonson, W Hustrulid,

P Nelson, A DuBois, E Binnall, and R Haught (LBL-8313, SAC-

25).

26. Part I: Some Results from a Field Investigation of Thermo-

Mechanical Loading of a Rock Mass when Heater Canisters

are Emplaced in the Rock, M Hood. Part II: The Applica-

tion of Field Data from Heater Experiments Conducted at

Stripa, Sweden for Repository Design, M Hood, H Carlsson,

and P H Nelson (LBL-9392, SAC-26).

27. Progress with Field Investigations at Stripa, P A Wither-

spoon, N G W Cook, and J E Gale (LBL-10559, SAC-27).

28. A Laboratory Assessment of the Use of Borehole Pressure

Transients to Measure the Permeability of Fractured Rock

Masses, C B Forster and J E Gale (LBL-8674, SAC-28).

29. Thermal and Thermomechanical Data for In Situ Heater Expe-

riments at Stripa, Sweden, T Chan, E Binnall, P Nelson,

0 Wan, C Weaver, K Ang, J Braley, and M McEvoy (LBL-11477,

SAC-29).

30. The Effect of Radon Transport in Groundwater Upon Gamma Ray

Borehole Logs, P H Nelson, R Rachiele, and A Smith (LBL-

11180, SAC-30).

31. Strenght and Permeability Tests on Ultra-Large Stripa Gra-

nite Core, R Thorpe, D J Watkins, W E Ralph, R Hsu, and

S Flexser (LBL-11203, SAC-31).

32. Ultrasonic and Acoustic Emission Results from the Stripa

Heater Experiments. Part I: B N P Paulsson and M S King.

Part II: R Rachiele (LBL-10975, SAC-32).
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PUBLISHED REPORTS WITHIN Appendix 7
THE STRIPA PROJECT

TR 81-01 Summary of defined programs
L Carlsson and T Olsson
Geological Survey of Sweden, Uppsala, Sweden
I Neretnieks
Royal Institute of Technology, Stockholm,
Sweden
R Pusch
University of Luleå, Sweden
November 1980

TR 81-02 Annual Report 1980
Swedish Nuclear Fuel Supply Co/Division
Nuclear Fuel Safety, SKBF/KBS
Stockholm, Sweden, 1981

TR 81-03 Migration in a single fracture.
Preliminary experiments in Stripa.
Harald Abelin, Ivars Neretnieks
Royal Institute of Technology
Stockholm, Sweden, April 1981

TR 81-04 Equipment for hydraulic testing
Lars Jacobsson, Henrik Norlander
Ställbergs Grufve AB
Stripa, Sweden, July 1981

TR 81-05 Part I Core-logs of borehole VI down to 505 m.
L Carlsson, V Stejskal
Geological Survey of Sweden, Uppsala, Sweden
T Olsson
K-Konsult, Stockholm, Sweden

Part II Meausurement of trlaxial rock stresses in
borehole VI.
L Strindell, M Andersson
Swedish State Power Board, Stockholm, Sweden
July 1981
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CONSULTANTS TO SKBF/KBS Appendix 8
DURING 1981

INDUSTRIAL AND CONSULTING COMPANIES

ABV
ASEA AB
ASEA-ATOM AB
Anoflex AB
Alentec
Celind Maskin AB
Fischer & Porter AB
Forsgren Produktion AB
Gällivare Berg- & Betongborrnings AB
Granges Metallverken AB
Hagconsult AB
Hagby Bruk AB
Hewlett-Packard
Hultins Verkstads AB
Hydroconsult AB
IPA Konsult
ITT Multikomponent
Jacobson & Widmark AB
Kemakta Konsult AB
K-Konsult
Kebo-Grave
Motorola Communications
Norrlands Hydraulic AB
Norrlandsvagnar AB
Nordomatic AB
OKG AB
PR-Produkter
Rejlers Ingenjörsbyrå AB
Sydkraft AB
Stal Laval
Salén Technologies AB
Swedish State Power Board
Studsvik Energiteknik AB
Ställbergs Grufveaktiebolag
Scandiaconsult
Scandia Metric AB
Teleplan AB
Tung Geoteknisk Borrning
Ulvex
VIAK AB
Vattenbyggnadsbyrån AB
Västerbottens Väg AB
Volvex
Vattenreningsbyrån AB
Östlunds Mekaniska Verkstads AB
Öxeryds Elektronik
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UNIVERSITIES

University of Stockholm

Department of geology
Research laboratory of archaeology

University of Uppsala

Department of geophysics

University of Umeå

Department of inorganic chemistry

Chalmers University of Technology

Department of physics
Department of geology
Department of nuclear chemistry
Centre for materials testing and research group

in Gothenburg

Royal Institute of Technology

Department of physical chemistry
Department of chemical engineering design
Department of land improvement and drainage
Department of nuclear chemistry
Department of inorganic chemistry

University of Luleå

Division of geotechnics

OTHER INSTITUTIONS

Cement & Concrete Research Institute
Corrosion Research Institute
Geological Survey of Sweden
Glass Research Institute
Institute for Metals Research
National Defence Research Institute
Swedish Fire Protection Association
Swedish Silicate Institute
The Swedish Technical Attaché System
Swedish Water & Air Pollution Research Institute
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FOREIGN ORGANIZATIONS AND COMPANIES

Danish Corrosion Central
Hahn-Meitner-Institut fiir Kernforschung Berlin
Integrated Materials Systems Inc
Rintekno Oy
The Technical University of Denmark

Institute of Ceramics
State University of New York
The University of Florida
The University of Newcastle upon Tyne
The University of Western Ontario
The Welding Institute


