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Introduction 

It was obvious already at an early stage of the author's 
investigation (cf. JACOBSSON & PUSCH, KBS 03) that 

safe deposition of radioactive canisters in bore-holes 
or tunnels requires an embedding substance (buffer 
mass) for which the following criteria are specified: 

• Sufficient mechanical supporting power to 
prevent rock fragments from entering the 

mass. Also, a sufficient bearing capacity is 

required to carry the heavy canisters with 

only insignificant movement. 

• Suitable mechanical properties to guarantee 

a homogeneous character of the buffer mass 

in case of small differential movements in 

the surrounding rock. This requires a plastic •· 

(non·-brittle) behaviour and some swelling 

power of the buffer mass ("self sealing"). 

• Prevention of free circulation of ground 

water. This requires a homogeneous character 

and a very low permeability of the buffer mass. 

• Ion-adsorption ability. This requires a suffi
ciently high base exchange capacity and a 

suitable originally adsorbed ion type of the 

buffer substance. (If the rate of diffusion 

for specific ions must not exceed a certain 

value, a sufficient amount of buffer sub

stance has to be used. This is considered to 

be a matter of design). 

• Sufficiently good heat conduction properties 

to keep the temperature in the mass within 

a suitable interval. 
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As mentioned in this early report by JACOBSSON & PUSCH 

the author considered Na-bentonite to be a very 

suitable buffer mass constituent since it would pro

duce a low permeability, a swelling potential and 

a certain ion-adsorption capacity. Two major problems 

were obvious, however: 

• A bentonite-rich buffer mass cannot be brought 

in a homogeneous condition unless it is 

either very wet (w>150~ or dry (w<20%). Since 

a wet mdss would not have a sufficient bearing 

capacity the dry condition alternative has 

to be chosen. This yields two secondary prob

lems: 

1. A dry buffer mass has a strong affinity 

to water. Even if the bentonite content 

is as low as 20% by weight a complete 

water uptake would largely decrease the 

bearing capacity and increase the permea

bility. To avoid this and to preserve the 

swelling potential of the mass the bore 

holes must be sealed effectively. In tunnels 

there would be no means of preventing the 

buffer mass from taking up water at free 

swelling until each tunnel is finally 

sealed with a concrete wall. The author's 

solution was to suggest a 10% (by weight) 

bentonite content for the bore-holes since 

this guarantees a sufficient bearing capa

city whether complete water uptake occurs 

or not. For the tunnels from which the 

bore holes extend a higher bentonite Gon

tent (20-50%) was suggested. Direct canister 

deposition in tunnels, on the other hand, 

would require a 1 0% bentoni te content in 

the tunnels at least in part of the canister 

beds. 
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2. Medjcal inconvenience by handling dry 

silica powder masses is well-known. Dis

cussions within the KBS Buffer mass group 

and with the AHLSELL & AGREN Co showed 

that a water content of about 8% should be 

required to give the mass a suitable con

dition for handling. This value has later 

been found to be of the order of 4% (state

ment by LUNDAHL, STABILATOR AB). 

• The heat conduction capacity will be very 

low even if the bentonite is fully water 

saturated. Again, the author's solution was 

to suggest only a 10% (by weight) bentonite 

content. The other 90% should consist of 

quartz grains since this mineral conducts 

heat better than most other common rock con

stituents. 

It should be added to these introductory remarks that 

the true difficulty in defining a suitable buffer 

mass is to prove that the required physical and mecha

nical properties are stable for thousandsof years at 

the elevated temperature in the radiation field close 

to the canisters. As shown by the JACOBSSON & PUSCH 

report this problem, which is of a chemical and physi

co/chemical nature, is solved provided that temperature 

and water circulation are restricted. The matter is 

being further treated at the Div of Soil Mechanics, 

University of Lulea. Comments on this are given in 

the following. 

Bearing capacity 

A major part of the JACOBSSON & PUSCH report deals 

with the author's analysis of the strength properties 

of bentonite/quartz masses. The conclusive statement 

concerning bearing capacity is that the 10% (by weight) 

Na-bentonite and 90% quartz mass should contain fairly 

big quartz grains (silt and sand-sized} so-Ehat a 

I , 
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moraine-like grain distribution is obtained. The 

reason for this is that compaction leading to high 

bulk densities is then easily obtained by applying 

well-known field compaction techniques. Laboratory 

investiyations at the University of Lule~ have shown 

that dry bulk densities of the order of 1 .8 t/m 3 can 

be obtained without difficulty (cf. Fig 1). 

The two companies VBB (consulting firm) and STABILA

TOR AB (contractor) have investigated in a joint field 

experiment buffer mass compaction in a 4 m diameter 

steel pipe "tunnel". Their work also comprised a 

series of laboratory compaction tests. The results 

show that field compaction of a 10-15% (by weight) 

Na-bentonite and 80-90% quartz mass (crushed quarzite 

(gravel-sized), quartz sand, quartz powder, cf. Fig 2) 

with water contents in the range of 5-15% produces a 

very firm, moraine clay-like substance as predicted 

by the author. The dry bulk density in the laboratory 

experiments was of the order of 1 .8-2.0 t/m 3 while it 

was 1.4-1.7 t/rn 3 in the field test. 

As concluded from the author's analyses given in the 

JACOBSSON & PUSCH report the suggested mass composi

tion will yield a sufficient bearing capacity, and a 

very high modulus of deformation. Creep will be insig

nificant only also if temperature effects are taken 

into consideration. 

Permeability 

The author's literature survey concerning the permea

bility of bentonite-containing soils gave evidence of 

very low k-values. Thus, the JACOBSSON & PUSCH report 

states that a 10% Na-bentonite/90% quartz powder mass 

should have a k-value of about 3·10-11 rn/s. Ion ex

change to calcium is said to increase the permeability 
---::....9 

to about 1~ m/s. It should be added here that an 

increase of the bentonite content to 33% should yield 
-11 _-:: 

a k-value of about 10 m/s. A strongly ~ornpacted 
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pure Na-montmorillonite can be regarded as impervious. 

There is sufficient experience from l,.boratory and 
field investigations to believe that these values 
are reasonable. However, there are two differing state
ments concerning the k-value given in the present 
KBS investigation. Thus, AHLSRLL & AGREN report a 
determination of k made by the Geological Department, 
University of Uppsala which gave surprisingly 

-6 -8 high k-values (10 -10 m/sec). However, these values 
are not relevant at all since the permeability tests 
were run as percolation tests on unconfined samples. 
This condition of free swelling enabled the samples 
to take up large amounts of water with a concomittant 
large increase in permeability. The other statement 
was given by the VBB company meaning that k is of the 

-9 -10 order of 10 m/s at 10% bentonite content and 10 m/s 
at 20% bentonite content. The discrepancy between the 
various values can be further investigated by making 
a series of relevant tests. In the author's opinion, 
however, this is not necessary since the moraine-like 
grain size distribution and the effective sealing pro
perties of Na-bentonite would most certainly give the 
mass a maximum k-value of 10-lO m/sec provided that 
the bentonite content is at least 10% and that the 
bulk density ·is higher than 1.6 t/m3 • Constant volume 
conditions during percolation are also required. 

Swelling properties 

As indicated by the introductory specification of the 
buffer mass functions, a certain swelling potential 
is required. The ability to swell and to exert a 
swelling pressure on bore hole or tunnel walls is de
pendent on the initial water content of any given 
bentonite/quartz ratio. The author's experiment on 
i11itially air-dry (w~5%) mixtures of bentonite and 
natural sift ("Pitesilt") gave a swelling of about 
5-20% at swelling tests where the samples were late
rally confined and axially loaded to 10 kP~~ The lower 
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value corresponded to 10% bentonite content and the 

higher to 20% bentonite content. The swelling pressure 

measured at constant volume under water uptake from 

an air-dry condition to quilibrium gave ;bout 30 kPa 

at 10% bentonite content and about 110 kPa at 20% 

bentonite content. 

The VBB company also reported values from preliminary 

tests. The investigated bentonite/quartz mixtures 

were compacted at 10-15% water content and were then 

allowed to swell freely under further water uptake. 

The swelling was found to be 15-30% which agrees 

reasonably well with the author's tests where the 

swelling took place under an external 10 kPa pressure. 

Also the VBB tests comprised measurements of the 

swelling pressure under constant volume conditions. 

The values range between 30 and 200 kPa which exceeds 

the author's values. The reason is probably that part 

of the water was taken up by organic constituents in 

the author's tests while it was all used for particle 

swelling in the other test. 

It can be stated that the swelling behaviour of the 

buffer mass is sufficiently known and that no further 

separate test series have to be made. 

Plastic behaviour 

One of the most important required properties of the 

buffer mass is to stay plastic for very long periods 

of time (10 000 years or more). Plasticity is interpre

ted here as a condition of single particle or aggregate 

behaviour without any formation of cracks or fissures 

which is typical of brittle substances. Brittle be

haviour can be caused by mechanical as well as by che

mical processes. The first-mentioned deal with "pressure 

solution" which is known to produce cementation bet

ween quartz grains at high contact pressures and the 

second process is a complicated phenomenon which in

volves dissolution, transport, and precipit~tion of 



7 

SiO2 as a function of pH, temperature, and amount of 

percolated water. The author has shown in a report 

"Influence of cementation .. ", which is going to be 

printed in the KBS-series, that neither of the mecha

nisrnswill produce cementation bonds. Thus, mechanical 

stress ( "effective" stre::s) will be very much lower 

than required to cause "pressure solution". Nor will 

quartz dissolution and precipitation produce cemen

tation to a degree which affects the mechanical pro

perties. The main reason for this is that pH will not 

be critical and that the amount of percolated water 

will be moderate even if extremely long periods of 

time are considered (>>10 000 years). 

An investigation of the pattern of internal buffer 

mass movement caused by rock displacement (KBS re

port no 22) gives some interesting informations. In 

this report the author showed that a sudden displace

ment of less than 20 cm does not produce any cracks 

or other types of open space anywhere in a buffer mass 

which fills a 5 m tunnel with a 7 m long canister 

(1 m diameter). Since the distribution of possible 

future rock movements is well known (old shear zones, 

zones of crushed rock, plane graphite-, clay~ or 

chlorite-containing joints) the position of the canisters 

can be chosen·so that only insignificant movement, cer

tainly less than 20 cm, will occur. Therefore, the 

suggested buffer mass will have the necessary plastic 

and self-sealing properties to fulfil the requirements. 

Heat conductivity (A) 

The main requirement to preserve the chemical stability 

of the bentonite for long periods of time is to keep 

its temperature below about 100°c when the water up

take has proceeded to the state of complete or almost 

complete water saturation. Calculation of the tempera

ture field in the surrounding of the canisters has 

shown that the heat conductivity of the buffer mass 

is a very important parameter in this context. This 
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was realized early and was one of the main reasons 

for suggesting a high quartz and a low bentonite con

tent of the buffer mass (KBS reports no 2, 3 and 23). 

The general relationship is that A increases with in

creasing degree of water saturation. A 10% (by wei~ht) 

bentonite and 90% quartz silt/sand mass will take 

up water to equilibrium corresponding to a water con

tent of about 20-30% at water saturation provided that 

no swelling takes place. If the mass is applied in a 

dry condition (w=4% is minimum for safe handling) A 

has been found to be at least 0.5 W/m, 0 c at a density 

which is equal to or lower than the density in the 

bore holes or tunnels. When the mass is fully satu

rated, on the other hand, A will be at least 2.o W/m, 0 c. 
It would be logical therefore to apply the mass as 

wet as possible but field experience (VBB and STABILA

TOR companies) shows that the water content must be 

less than 20% to avoid heterogeneities and cluster 

formation at the compaction. A safe value in this 

respect would be about 15% but this has been found to 

yield another problem. Thus, a series of A tests with 

a sealed buffer volume showed that water is transported 

as vapour from the warm side (vicinity of canister) 

and is enriched at the cold side (rock wall) when the 

degree of water saturation is between 25 and 75%, 

that is at water contents of the order of 10-20% {extreme 

values of the porosity about 25-65%). This means that 

the mass will dry out at the warm side which reduces 

the A-value asymptotically to about 0.5 W/m, 0 c. One 

way of solving the problem would be to give access 

to free water and to create a considerable hydraulic 

gradient by placing perforated water pipes in the 

buffer mass at the o~ter periphery (rock wall) in 

which water is kept under pressure (300-500 kPa would 

be sufficient). The applied dry mass - w=8% would prob

ably be very suitable - will then take up water in a 

p~ocess which, according to the author's tests, would 

probably lead to a continuously increasing water con

tent. It will ultimately correspond to complete water 

saturation. This will definitely be the case when the 
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tunnel system is finally closed and the original 

ground water table ~estored. 

Organic activities 

Microbial activity may contribute to metal canister 

corrosion. It is therefore important to consider 

whether it is possible for bacteria to live and to 

be active in the buffer mass. All the buffer mass com

ponents contain bacteria or fungi but this content 

will probably be insiginificant in the quartz fraction. 

The natural Na-bentonite, on the other hand, is said 

to have an organic content lower than 1 percent by 

weight of the solid substance. 

Previous investigations by the author (cf. Document D11 :197~ 

Nat. Swedish Building Res. Council) have shown that 

in natural Quaternary clays with an organic content 

of less than 2% the organic bodies are very widely 

spaced. This indicates that the original microbe, 

normally a bacterium, was not able to move or create 

pores once it was buried during the sedimentation. 

Since the buffer mass will be denser than these Quater

nary clay sediments the locking of the bacteria will 

be even stronger. This means that the life-time will 

probably be very short and that the possible attack 

will be confined to the extremely small canister sur-

face area where a certain number of bacteria happen 

to be located at the deposition. 

Conclusions 

So far all evidence given in the current investigation 

by the KBS buffer group shows that a combination of 

Na-bentonite and silt/sand-sized quartz components 

gives a buffer mass with optimum properties. The 

physical, _12!).YSico/chemical, and mechanical properties 

of such masses are sufficiently well-known to allow 

us to use them in this very serious context. Further

more, the handling of the masses at th~ deposition 
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involves no new or unknown technique, only moderate 

changes or improvements have to be made. Thus, the 

practical deposition work will very probably be 

successful as far as the ~uffer mass concerns. 

As to the bentoni te/quartz ratio it can be stated that 

the bentonite should form at least 10 weight percent 

of the solid mass. This is where the bearing capacity 

or canister- or rock-supporting power is important. 

In other parts of the bore holes, tunnels and shafts 

the bentonite content can be increased to 20 or even 

higher percentages. The final choice of this ratio 

is considered to be a matter of design with special 

reference to required temperatur limitations and aspects 

which deal with the properties of the mass when trans

ported, compacted etc. 

Lulea 1977-10-19 

Roland Pusch 



1 

dP 

.µ 
...c: 
tJ'I 

·r-1 
Q) 

~ 

i::: 
ro 

...c: 

.µ 

~ 
Q) 
i::: 

·r-1 
4-4 

Q) 
tJ'I 

.ro 
.µ 
i::: 
Q) 
u 
~ 
Q) 
~ 

1,00 

Na 

80 

60 

40 

20 

0 

0.002 

1 

n cru hed 
rich ock 

0.005 0.01 0.02 0.05 0.10 0.2 0.5 1 • o· 

Fiq 1. Grain-size distribution curves £or the buffer substance used in Test II. (From KBS report 
no 23) 



US. nr XO 100 SO 3) 16 I! 
:t•s US. STANDARDSIKTAR, frl misskvldd mm OA74. D,15 o,:xi 0$ 1,19 2.38 

4 

4,76 
SV. STANDARDSIKTAR, lrl maskvldd mm 0075 0.125 0,25 o.s 1 '2 4 B 16 32 M i2!l 

00 I I I I I I I I I I I 1 - • '..f' _ ;--;r I I ' ·) ,/ I I I j . ,-., I I I : : , ,oo ~i"" I V i ' I I./.~ I I . I I 
90 I I I : I I I I I , • I --;1- I I I I / I . 1 ;::FV I I I \ I 90 

1 1 1 , 1 1 , 1 1 . 1 v\ 1 I . , , .,,~1~ 1 1 , 1 1 1 1 

V,' I. I '// . . I I t I 
110 I I I I I I I I I I ,/ / I I I ~ / V V 1 . l I I I I I I 80 

' V I I : I I /'/ /v I I I / I : I 1
1 I ' I ' · ' I 1 

/ I I \ 1 - / /V I t I · I ! , 1 I 70 
1 I : j I ~·' if ' j j / . I I l1 I I I . I !-) . . ' I I I I t,IJj ' I 1 I I I I I •. •. l \ I I I I I I 160 

.-,, ~- t sm · o 1 If / 1 I A: ..... ·1 I I I I I I I 1 ' • , J -~ I I . . ; . . , I I I I 
501 _~ F•te~ -~, 1 :1 -1·.J1-I I 1 1/ ! 1 1 1 , 50 

.,. - I I I I I ·'/'/ I I I / I I I 
► 1 bu ~ ~ 1 t - I I I I 0 l I . . . ' I I .IOl_j i', {! ra: ,1i,al1 l/tV I I I i I \ \ !40 

. . ,, ~; I I 11 A"i'JJ v, I I I I , I I I I /: I V! ··-·· · · . - I I I I 
( 1 · 1 v" 1Y'Ti:Y :/ I l va sitgru I i I 1:., 11- K< I ·· • i2Y /. I _ I 4-B rtun I - ; , 1 I __. •·:. I v: /I • · I I I I 

1 1 1 1 1 1 -:- • r -... I -- ::_ I / I i-:rv al t siand I I I I I I I 20 · 4/ _ .. jf_.· ·•-. vl.tv i !/ ; ~ihersan 17, !36, 515! 9i:> /· ; : 1 ; .i ..•. v~ , 1 1 , 1 1 1 1 1 1 , O I -l 1 1 1 1 1 1 1 1 : .. , 1 
, I 10 lij. . I • i) I I . / l I : - I I 

' t I '.-,,,,( j I Kom,torlek d I I I I o l I 1 I 1 1 1 1 1 I -4- - - 1 l 1 I I I I 1 , , I I I I I I , I O 

70 L _.L 

30 

20 

i 

O.oo2 0,005 0,01 0,02 0,05 0,1 0,2 0..S 1 2 S 10 20 SO 100 200 mm 
MJXLA MO SANO GRUS STEN 

Provnr j Provtogningspla" och markning I Geotekniak benamning I I Permeabilitetsbe,tomnlng . 

3174-::t- Sprutat buffertmaterial av 

10-20 kg bentonit, . 
10 kg kvartsmjol, 

80 kg kvartssand; 

10 kg kvartsitgrus -- Anm. 
fortolts- Torr Perm•a• Tctvorde 

, 

~-~?..~.~~~ 1I::. ........... den 
13 7 77 . r _:'(..;; <'." ., metod volymvikt, bilitet k, (· .. lag k) I .... I . ... 19. - .. S,gn .......................................... 

- tm• m/1 

< 
> --V, M"" 

co z 

V, < 
= -<'. 
C'. 
C") 

I C:, ..:: 
C 0:, > 
C - o 
0 v-, .., 

·-< 
X, 

l> 
:z 

?'; ..... I "J 0 0 -::, 
::0 ::0 ., 

Z 0 
..,.., " a ::o 
::0 0 
0 < 
m Z 
r -
?; ~ z V\ 

0 0 

~ s:: 
rn 0 
::0 

3: 
m 
> 
::::, 

m ..... 
3 

~ 

:., 
r-. 

-
'" 
": 

r 

'· 

:. 

N 



FORTECKNING OVER KBS TEKNISKA RAPPORTER 

01 Ka] Is tyrkor i utbr;int brans 1 (' och hiigakt i vt avf a 1 1 f 1-/"\ ll ('11 

PWR bediknade med ORlGEN 
Nils Kjellbert 
AB Atomenergi 77-04-05 

02 PM ang,1ende varme] eclnings tal hos j ordma teria 1 
Sven Knutsson 
Ro Lmcl Pusch 
H6gskolan i Lulea 77-04-15 

03 Deponering av h6gaktivt avfall i borrhal mecl buffcrtsubstans 
Arvid .Tacobsson 
Roland Pusch 
Hogskolan i Lulea 77-05-27 

04 Deponcring av hi5gaktivt avfall i tunnlar med buffertsubst;rns 
Arvid Jacobsson 
Roland Pusch 
H6gskolan i Lulea 77-06-01 

05 Orienterande temperaturberakningar f6r slutf6rvaring i berg 
av radioaktivt avfall, Rapport 1 
Roland Blomqvist 
AB Atomenergi 77-03-17 

06 Groundwater movements around il repository, Phase 1, State of 
the ,fft and detailed study plan 
U lf Lindblom 
Hagconsult AB 77-02-28 

07 Resteffekt studier for KBS 
Del 1 Litteraturgenomgang 
Del 2 Herakningar 
Kim l·:klwrg 
Nils Kjcllbert 
Giiran O 1 sson 
AB Atomenergi 77-04-19 

08 Utlakning av franskt, engelskt och kanadensiskt glas med 
hiigaktivt avfall 
Goran Blomqvist 
AB Atomenergi 77-05-20 



09 Diffusion of soluble materials in a fluid filling a porous 
medium 
Hans Haggblom 
AB Atomenergi 77-03-24 

10 Translation and development of the BNWL-Geosphere Model 
Berti 1 Grundfel t 
Kemakta Konsult AB 77-02-05 

11 Utredning rorande titans lamplighet som korrosionshardig 
kapsling for karnbransleavfall 
Sture Henriksson 
AB Atomenergi 77-04-18 

12 Bedomning av egenskaper och funktion hos betong i samband 
med slutlig forvaring av karnbransleavfall i berg 
Sven G Bergstrom 
Goran Fagerlund 
Lars Romben 
Cement- och Betonginstitutet 77-06-22 

13 Urlakning av anvant karnbransle (bestralad uranoxid) vid 
direktdeponering 
Ragnar Gelin 
AB Atomenergi 77-06-08 

14 Influence of cementation on the deformation properties of 
hentonitc/quartz buffer substance 
Roland Pusch 
Hogskolan i Lulea 77-06-20 

15 Orienterande temperaturberakningar for slutforvaring i berg 
av radioaktivt avfall 
Rapport 2 
Roland Blomquist 
AB Atomenergi 77-05-17 

16 Oversikt av utlandska riskanalyser samt planer och projekt 
rorande slutforvaring 
A.ke Hultgren 
AB Atomenergi augusti 1977 

17 The gravity field in Fennoscanclia and postglacial crustal 
movements 
Arne Bjerhammar 
Stockholm augusti 1977 

18 Rorelser och instabilitet i den svenska berggrunden 
Nils-Axel Marner 
Stockholms Universitet augusti 1977 

19 Studier av neotektonisk aktivitet i mellersta och norra 
Sverige, flyghildsgenomg~ng och geofysisk tolkning av reccn
ta fiirkastningar 
Robert Lagerback 
Herbert Henkel 
Sveriges Geologiska Undersokning september 1977 



20 Tektonisk analys av sodra Sverige, Vattern - Norra Sk~ne 
Kennert Roshoff 
Erik Lagerlund 
Lunds Universitet och Hogskolan Lulea september 1977 

21 Earthquakes of Sweden 1891 - 1957, 1963 - 1972 
Ota Kulhanek 
Rutger Wahlstrom 
Uppsala Universitet september 1977 

22 The influence of rock movement on the stress/strain 
situation in tunnels or bore holes with radioactive con
sisters embedded in a bentonite/quartz buffer mass 
Roland Pusch 
Hogskolan i Lulea 1977-08-22 

23 Water uptake in a bentonite buffer mass 
A model study 
Roland Pusch 
Hogskolan i Lulea 1977-08-22 

24 Berakning av utlakning av v1ssa fissionsprodukter och akti
nider fran en cylinder av franskt glas 
Gi5ran B lomqv is t 
AB Atomenergi 1977-07-27 

25 Blekinge kustgnejs, Geologi och hydrogeologi 
Ingemar Larsson KTH 
Tom Lundgren SGI 
Ulf Wiklander SGU 
Stockholm, augusti 1977 

26 Bedomning av risken for fordrojt brott 1 titan 
Kjell Pettersson 
AB Atomenergi 1977-08-25 

27 A short review of the formation, stability and cementing 
properties of natural zeolites 
Arvid Jacobsson 
Hogskolan i Lulea 1977-10-03 

28 Varmeledningsfi5rsok pa buffertsubstans av bentonit/pitesil t 
Sven Knutsson 
Hogskolan i Lulea 1977-09-20 

29 Deformationer i sprickigt berg 
Ove Stephansson 
Hogsko1an i Lulea 1977-09-28 

30 Retanlation of escaping nuc]ides from a final depository 
Ivars Neretnieks 
Kungliga Tekniska Hogskolan Stockholm 1977-09-14 

31 Bedomning av korrosionsbestandigheten hos material avsedda 
fc:ir kaps 1 ing av karnbrans 1 eavf all. Lagesrapport 1977-09-27 
samt kompletterande yttranden. 
Korrosionsinstitutet och <less referensgrupp 



32 Long term mineralogi,·:1! properties of bentonite/quartz 
huff er s11bs L1nc e 

Prel iminar rapport novc,mber 1977 
Slutrapport februari 1978 
Roland Pusch 
Arvid Jacohsson 
HBgskolan i Lulea 

33 Requir·ed physical and mechanical properties of buffer masses 
Roland Pusch 
H5gskolan Lulea 1.977-10-19 

34 Tillverkning av hly-titan kapsel 
Folke Sandelin /ill 
VBB 
ASEA-Kabel 
lnstiLutet fii1· metal l forskning 
Stockholm november 1977 

35 Project for the handling and storage of vitrified high-level 
waste 
Saint Gobain Techniques Nouve 1 les October, 1977 

36 Sammansiittning av grundvatten pa stBrre djup i granitisk 
berggrund 
Jan RennL'rfe l t 
Orrje & Co, Stockholm 1977-11-07 

37 Hantering av h11ffertmaterial av bentonit och kvarts 
Hans Fagerstri.im, VBB 
Bj5rn Lundahl, Stabilator 
Stockholm oktober 1977 

38 Utformn1ng av bergrumsanlaggningar 
Arne Finne, KES 
Alf Engelbrektson, VEE 
Stockholm december 1977 

39 Kons th1kL ionss tudier, di rektdeponering 
A SEA-ATOM 
VBB 
V~is ter?1s 

40 Ekolngisk transport och straldoser fr?111 grundvattenburna 
radioaktiva amnen 
Ronny Bergman 
Ulla Bergstrcim 
Sverker Evans 
AB Atomenergi 

41 s:ikerhet c)ch str;°tlskydd inom kiirnkraftomradet. 
Lagar, normer och hed5mningsgrunder 
Christina Gyl [;mcler 
Siegfried F Johnson 
Stig Rolandson 
AB Atomenergi och ASEA-ATOM 



42 S1ikerhct vid bantering, lagring och transport av anvlinl 
k1irnbransle och forglasat hiigaktivt avfall 
Ann Margret Ericsson 
Kemakta november 1977 

43 Transport av radioaktiva amnen med grundvatten fran ett 
bergforvar 
Bertil Grundfelt 
Kemakta november 1977 

44 Bestandighet hos borsilikatglas 
Tibor Lakatos 
Glasteknisk Utveckling AB 

45 Berakning av temperaturer i ett envanings slutforvar i berg 
for forglasat radioaktivt avfall Rapport 3 
Roland Blomquist 
AB Atomenergi 1977-10-19 

46 Tcmpcraturberakningar fii1· anvant bri'ins i e 
Taivo Tahrandi 
VBB 

47 Teoretiska studier av grundvattenrorelser 
Preliminar rapport oktober 1977 
Slutrapport februari 1978 
Lars Y Nilsson 
John Stokes 
Roger Thunvik 
Inst for kulturteknik KTH 

48 The mechanical properties of Stripa granite 
Graham Swan 
Hogskolan i Lulea 1977-09-14 

49 Bergspanningsmatningar i Stripa gruva 
H.-:rns Carlsson 
Hogskolan i Lulea 1977-08-29 

50 Lakningsfiirsi..ik med hogaktivt franskt glas i Studsvik 
Goran Blomqvist 
AB Atomenergi november 1977 

51 Seismotechtonic risk modelling for nuclear waste disposal 
in the Swedish bedrock 
F Ringdal 
H Gj iiys tdal 
ES Husebye 
Royal Norwegian Council for scientific and industrial 
research 

52 Calculations of nuclide migration 1n rock and porous media, 
penetrated by water 
H Haggblom 
AB Atomenergi 1977-09-14 



53 Matning av diffusionshastighet fiir silver i ler:1-s;1nd-hLrnd
ning 
Bert /d lard 
Heino Kipats i 
Chalmers tekniska hogskola 1977-10-15 

54 Groundwater movements around a repository 

54:01 

54:02 

54:03 

54:04 

54:05 

54:06 

Geological and geoteclmical conditions 
Hakan Stille 
Anthony Burgess 
Ulf E Lindb lorn 
Hagconsult AB september 1977 

Thermal analyses 
Part 1 Conduction heat transfer 
Part 2 Advective heat transfer 
Joe L Ratigan 
Hag consult AB september 1977 

Regional groundwater flow analyses 
Part 1 Initi_aJ conditions 
Part 2 Long term residual conditions 
Anthony Burgess 
Hagconsult AB oktober 1977 

Rock mechanics analyses 
Joe L Ratigan 
Hagconsult AB september 1977 

Repository domain groundwater flow analyses 
Part 1 Permeability perturbations 
Part 2 Inflow to repository 
Part 3 Thermally induced flow 
Joe L Ratigan 
Anthony S Burgess 
Edward L Skiba 
Robin Charlwood 

Final report 
Ulf Lindblom et al 
Hagconsult AB oktoher 1977 

55 Sorption av langlivade radionuklider i ler:1 och berg 
Del 1 Bestamning av fiirdelningskoefficienter 
Del 2 Litteraturgenomgang 
Bert Allard 
Heino Kipatsi 
Jan Rydberg 
Chalmers tekniska hogskola 1977-10-10 

56 Radiolys av utfyllnadsmaterial 
Bert Allard 
Heino Kipatsi 
Jan Rydberg 
Chalmers tkniska hogskola 1977-10-15 



57 Straldoser vid haveri under sjotransport av karnbransle 
Anders Appelgren 
Ulla Bergstrom 
Lennart Deve 11 
AB Atomenergi 

58 Stralrisker och hogsta tillatliga straldoser for manniskan 
Gunnar Walinder 
AB Atomenergi 


