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Abstract 

Some geochemical data of importance for a radioactive 
waste repository in hard rock are reviewed. The 
ground water composition at depth is assessed. The 
ground water chemistry in the vicinity of uranium 
ores is discussed. The redox system in Swedish 
bedrock is described. Influences of extreme climatic 
changes and of repository mining and construction 
are also evaluated. 



INTRODUCTION 

The following paper is a reprint from the report 
"Handling and Final Storage of Unreprocessed Spent 
Nuclear Fuel'' part II Technical (section 3.5 pp. 
Ill - 121 plus chapter 3 reference list) issued 
by the Swedish Project Karnbranslesakerhet (KBS) 
in September 1978. 

3.5 CHEMICAL ENVIRONMENT 

3.5.1 Groundwater composition 

Tha chemical environment in and around a rock repository for 
high-level waste is important for the durability of the canisters 
and the buffer material and for the possibilities of dispersal of 
the waste substances. These questions can be illuminated with the 
aid of chemical equilibrium calculations based on the composition 
of the groundwater and knowledge of the natural occurrence of the 
materials in question. In some cases, it can be shown that the 
natural form of occurrence of the material has remained unchanged 
for many millions of years, thereby providing answers to ques
tions concerning its durability. 

An survey of the composition of Swedish groundwater has recently 
been published by Wenner et al. /3-69/. A large body of data from 
rockwells in Finland,giving average levels and ranges of variation 



Table 3-3. Probable composition of groundwater in crystalline 
rock at great depth, according to Rennerfelt 
and Jacks /3~76/. 

Analysis Units Probable 
interval 

Min. 
value x) 

Max. 
value 

x) 

Conductivity 

pH 

KMnO, cons. 

Mn 

Ca2+ 

Mg2+ 

Na+ 

+ 
K 

Fe-tot 

Fe 

2+ 
Mn 

HCO~' 

Ci>2 

Cl" 

< 

"°3 

«r 
F" 

Si02 

HS" 

NH. 
4 

N02 

0„ 

uS/cm 

mg/1 

it 

ii 

•i 

II 

II 

400 - 600 

7.2 - 8.5 

20 - 40 

5 - 1 0 

25 - 50 

5 - 2 0 

10 - 100 

1 - 5 

1 - 2 0 

0.5 - 15 

0.1 - 0.5 

60 - 400 

0 - 2 5 

5 - 5 0 

1 - 15 

0.1 - 0.5 

0.01 - 0.1 

0.5 - 2 

5 - 3 0 

<0.1 - 1 

0.1 - 0.4 

<0.01 - 0.1 

<0.01 - 0.07 

10 

1100 

9.0 

50 

12.5 

60 

30 

100 

10 

30 

30 

3 

500 

35 

100 xx) 

50 

2 

0.5 

8 

40 

5 

2 

0.5 

0.1 

x) The estimated probability that a value will fall between 
the min. value and max. value is 95 %. Higher values occur 
locally, see /3-77/ anH /3-75, p. 13-17/. 



3. 

for many components, has been presented by Laakso /3-70/ and 
other valuable data are supplied by Laherrao /3-71/. Feth et al. 
/3-72/ present analyses of groundwater from dioritic rocks in 
California and Nevada. Data from Bohmen are presented by Pafes 
/3-73/, who also presents groundwater analyses from similar 
bedrocks from other anas. In this way a good review of con
ditions in different climates and environments is obtained. The 
work which has preceded this present report includes analyses of 
groundwater from Swedish bedrock compiled by Gidlund /3-37/, 
Rennerfelt /3-74/ and Jacks /3-75/, see table 3-3. Jacks also 
provides a survey of pertinent chemical equilibria and relevant 
literature. 

Chemistry of groundwater in contact with uranium ores 

Like the uranium minerals in most uranium ores, spent fuel is 
composed of more than 95% uranium dioxide. Knowledge of how the 
uranium minerals are affected by groundwater can therefore shed 
light upon the long-range situation in a rock repository. The 
ores have normally been exposed to the action of the groundwater 
for many millions of years. 

Groundwater which moves through a stratum of permeable sandstone 
and, on its way, passes a uranium ore which has been formed in 
the pores of the sandstone has been studied by Cermanov and Pan-
teleyev /3-78/. The groundwater flow is slow, the ore has a large 
specific surface area and the process has been going jn for 
several million years. The groundwater has been studied in seven 
sections on its path, see figure 3-8. For each section, the range 

Sandstone 

* v * Crystalline rock 

^~ /-_ Agrillaceous sediments 

Rich U(>2 mineralization 

| | Weak U 0 2 mineralization 

• . • . Limonite bearing rock Direction of ground water flow 

Figure 3-8. Schematic illustration of the geological situation and the different zones around a 
uranium ore exposed to ground water. (According to Germanov and Pan teleyev /3-78/). 
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of variation of the obtained data is given. An extract is provid
ed in the following table, 3-4. E is the groundwater's electric
al potential in relation to a hydrogen electrode, i.e. the wat
er's redox potential, given here ir millivolts. 

Table 3-4. Chemical groundwater data according to Germanov and 
Panteleyev /3-78/. 

Section 

zone 

IA 

IB 

IIA 

1IB 

IIIA 

IIIB 

IV 

Number 
of 

Eh 

samples 

6 

12 

23 

9 

8 

12 

12 

mV 

450 

300 

250 

220 

-72 

-165 

-7 

- 250 

- 212 

- 147 

- 57 

—195 

—212 

— 186 

pH 

7.0-7.4 

7.1-7.7 

6.7-7.7 

6.7-7.5 

7.2-7.7 

7.5-7.8 

7.6-8.0 

Organic 
carbon 

mg/1 

1.4 - 1.8 

3.9 - 6.0 

7.3 -10.4 

10.4 -16.0 

9.9 - 8.0 

8.0 - 6.9 

6.4 - 5.4 

Uranium 

fitg/l 

5 -

21 -

40 -

125 -

3100 -

32 -

3.0 -

i 

300 

150 

720 

5000 

34 

3 

1.6 

As is seen in the table, the concentration of uranium in the 
groundwater increases towards the ore, which shows that uranium 
is first dissolved from the bedrock. According to the same study, 
this takes place primarily through the formation of uranyl-car-
bonate complexes. In the actual ore zone, zone III A, the uranium 
content of the water decreases sharply, which means that most of 
the dissolved uranium has precipitated. The existence of the ore 
deposit in itself shows that the chemical environment leads to 
precipitation. In the sections downstream of the ore, the uranium 
levels are very low. The table also shows that the precipitation 
of uranium takes place in connection with a transition from posi
tive to negative Eh values in the transitional zone between oxi
dizing and reducing conditions in the groundwater. In the case 
cited here,this transition takes place at a depth of around 400 m. 

Lisitsyn and Kuznetzova /3-79/ have further shown that the 
groundwater upstream of such an ore area is oxygen-bearing while 
oxygen is lacking in the water downstream, and that the sandstone 
upstream is rust-coloured by limonite /Fe(0H ) and FeO(OH)/, 
while the sandstone downstream is grey and lacks these compounds 
of trivalent iron. It is also interesting to note that various 
microorganism* are found mainly in the actual zone of transition 
and to some extent also in the rust-coloured limonitic part, but 
that they are not found, with the exception of nitrogen bacteria, 
in the unaffected, oxygen-free part of the sandstone located 
downstream of the uranium ore. 
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These relationships between the groundwater's uranium content, 
redox potential and oxygen content are not accidental, but rather 
determined by chemical laws. They conform to a more general model 
for the formation of uranium ores in sedimentary rock. In this 
model, oxygen-bearing water leaches out the low concentrations of 
uranium in the upper parts of the bedrock by converting it to a 
hexavalent, easily soluble form. When the water later becomes 
reducing as a result of reactions with organic material and com
pounds of bivalent iron, it is no longer able to transport the 
uranium, which is then precipitated in tetravalent, poorly 
soluble form. These precipitations can be concentrated to mine
able deposits /3-80/. An analysis of transport and precipitation 
conditions with respect to the stability fields of the various 
uranium compounds in relation to the pH and Eh of the groundwater 
has been carried out by Hostetler and Garrels /3-81/. Other con
tributions have been made by Batulin et al. /3-82/ and Dahl and 
Hagmaier /3-83/. 

In the KBS studies, this has been expanded to analysis of the 
hydrolysis and redox chemistry of the actinides in water /3-84 
and 3-85/ in the laboratory as well as theoretically. This work 
shows that neptunium and plutonium are reduced to insoluble tet
ravalent (in the case of plutonium, possibly also trivalent) 
compounds at higher Eh values than uranium. This means that their 
occurrence in nature is similar to that of uranium and that their 
dispersal with the groundwater is prevented by reducing condi
tions in the same manner, but more easily than in the case of 
uranium. That such is really the case on a geological time scale 
is illustrated by the natural reactor at the uranium deposit at 
Oklo, where transuranium elements, including plutonium, have 
remained undispersed until complete natural decay /3-86 and 3-
87/. 

3.5.3 Swedish conditions 

The principles and reactions discussed above apply generally. 
However, the composition of the Swedish groundwater at depth 
differs in some respects from the Russian groundwater. The sulph
ate content is generally lower while the pH is somewhat higher. 
However, these differences do not affect the retention of the 
uranium and other actinides in the bedrock. 

A more fundamental difference lies in the fact that the Swedish 
bedrock, as well as the prevailing soil strata, possess lower 
permeability than the sandstones which were studied in the Rus
sian examples, and that the Swedish groundwater systems are less 
extensive and exhibit lower flow volumes. In addition, the con
tinental glaciation removed older weathering products, which, to
gether with the climatic trend following the ire age, results in 
the fact that the water under Swedish conditions meets fresh, 
little-weathered and unoxidized material only a few dm below the 
surface. The main limonite formation therefore takes place above 
a depth of one metre, and even at this slight depth, oxidation is 
severly limited. Such an easily-oxidized material as pyrite has, 
for example, been found in the form of 0.2-0.6 mm large particles 
with thin weathering layers of limonite in moraine where the par
ticles have been accessible for weathering for more than 6 000 
years /3-88/. Similarly, apparently fresh pyrite is often found 
in rock fractures near the surface. This means that the transi
tion between oxidizing and reducing conditions which occurred at 



a depth of about 400 metres in the Russian example in general 
occurs right near the water table under Swedish conditions. 

Eh values which are positive, but which fall rapidly with in
creasing depth, have been measured in the groundwater in an esker 
/3-89/, while Eriksson and Khunakasew /3-90/analyzing some 70 
groundwater samples from an esker formation in the Pitea area, 
showed that conditions there correspond to a reducing environ
ment. 

The redox potential in deep groundwater has been studied in water 
samples from Stripa and the Finnsjo area /3-91/, see table 3-5. 

Table 3-5. The redox potential in deep groundwater from 
Precambrian Swedish bedrock, according tc 
Grenthe /3-91/. 

Sample No. 

7 

8 

18 

19 

21 

14 

20 

24 

Site 

Stripa 

Stripa 

Stripa 

Finnsjo 

Stripa 

Stripa 

Finnsjo 

Stripa 

area 

area 

Eh, mV 

-152 

- 31 

-173 

-191 

-210 

- 26 

-157 

-140 

In the samples from Stripa, the pH was around 8.2, and in those 
from Finnsjo, 7.7. The slight deviations exhibited by the values 
for samples 8 and 14 were probably caused by contamination by 
small quantities of air. Otherwise, the obtained values show that 
the redox potential of the Swedish water samples very nearly 
corresponds to the above-cited Russian values for the nearly 
uranium-free groundwater which passed through the uranium ore 
zone. Chemical analysis has also shown that samples of Swedish 
groundwiter from great depth in the KBS test areas have a very 
low oxygen content /3-74/. 

Redox systems in the bedrock 

Up to now, only a few determinations of rHox potential or oxygen 
content have been carried out on deeper groundwater in Sweden. 
However, these results can be accorded wider applicability by 
considering the redox systems in the bedrock with which the water 
can react. These are composed primarily of different iron com
pounds, mainly chloride and similar iron-bearing silicate mine-
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rals with layer lattices, generally containing both bivalent and 
trivalent iron. The redox reaction can be written 

2FeO .. + H_0 .. = Fe_0„ .. + 2H+ + 2 e~ ; 
sil 2 sil 2 3 sil ' 

(sil indicates that the component is part of the silicate struc
ture.) Following /3-92/, Gibbs' free energy for this reaction can 
be calculated to be 9.7 kcal, which gives 

Eh(V) = 0.21 + 0.03 log (Fe20 )/(FeO)
2 - 0.06 pH; 

where (Fe«0„) and (FeO) stand for the chemical activity of the 
lespective component in the mineral. Mineral analyses show that 
both FeO and EejO- *n t n e s e minerals can vary between 0.1 and 
approx. 40% by weight, where the higher value approximately indi
cates a saturated, solid solution. It is then possible to write 

Eh(V) = 0.21 + 0.03 (log 40 + log Fe^/Fel)2) - 0.06 pH = 

= 0.26 + 0.03 log Fe^/FeO 2 - 0.06 pH; 

where Fe„0_ and FeO indicate the concentration of these compo
nents in the mineral, expressed as percent by weight. With these 
concentration limits, the following approximation is obtained: 

Eh(V) = 0.26 ± 0.1 - 0.06 pH; 
which for pH = 7.7 gives Eh =-0.2 +0.1 V, i.e. -200 + 100 mV. 

Iron-bearing chlorite characterizes the rock fractures in all of 
the KBS test areas. The mineral is, alone or together with other 
layer-silicates such as biotite, illite and smectite, a normal 
constituent of the bedrock, and especially its fissures. The deep 
groundwater, within a pH interval of 7-9, should therefore exhi
bit an Eh interval between -60 and -380 mV. In limonite-/Fe(0H>3 
and FeO(OH)/-bearing fracture zones, however, positive Eh values 
can be expected. As an example of the prevailing conditions, 18 
analyzed samples of fissure-filling layer-silicates from rela
tively shallow tunnels in Gothenburg /3-S3/ can be cited. Their 
Eh values, calculated for a pH of 7.5 to permit comparisons with 
previously cited data, fall between -120 and -230 mV. Two samples 
from borehole 2 at Fin.isjo both indicate Eh values near -200 mV. 

Other minerals, such as magnetite, pyiite (FeS2) and pyrrhotite 
(FeS), which contain bivalent iron, are less common than chlo
rite, but nevertheless occr, generally in small quantities, in 
the Swedish bedrock. The sulphides particularly weather easily in 
oxidizing environments. As a result, they constitute Eh indi
cators, whose general occurrence also shows that negative Eh 
values prevail in the bedrock. 

Mineralogical and mineral-chemical observations thus show, along 
with the cited Eh and oxygen determinations1, that the groundwater 
at depth in the Swedish bedrock, aside from locally occurring 
limonite-bearing fracture zones, is characterized by negative Eh 
values. In this respect, it is very similar to previously dis
cussed Russian groundwater. 

According to the Russian analyses, the uranium content of the 
water in equilibrium with uranium dioxide lies between 1.6 and 3 



8. 

microgrammes per litre. These values agree well with maximum 
uranium contents in groundwater calculated from equilibrium con
stants /3-85/. The average concentration of uranium in Swedish 
springs and wells is also around 3 raicrogranmes per litre. On the 
other hand, levels of up to and over 2 milligrammes per litre 
have been found in shallow rock fractures and under oxidizing 
conditions, for example in mines with uranium mineralization /3-
94/. The groundwater in the Swedish bedrock is therefore not able 
to dissolve and leach out uranium at great depths. That this is 
really the case is demonstrated by the fact that the continental 
glaciation has exposed uranium mineralizations in the Precambrian 
bedrock which have not been carried away by the groundwater, 
despite the fact that they were formed more than 1 000 million 
years ago /3-95 and 3-96/. 

3.5.5 Extreme climatic changes 

As was mentioned earlier, the climate in Sweden around 30 million 
years ago was much warmer and more humid than it is today. Plant 
remains from that time show that nearly tropical conditions pre
vailed. Changes in the level of the land also led to ar intensive 
and deep groundwater circulation. This has given rise locally to 
deep weathering, which shows what can happen in extreme caser in 
our type of crystalline bedrock. The best-studied cases have been 
found in certain mines /3-28, 3-29/ and represent limonitic 
alterations which may reach depths of several hundred metres. 
This represents a transition from magnetite to hematite together 
with a locally strong development of limonite in connection with 
severe crush zones in the rock, all of which is a sign of deep 
and intense oxidation. Without exception, however, it is always 
found that the oxidation is limited to near the surface, or to 
the immediate vicinity of such crush zones. At a distance of some 
metres from the limonite formation, completely intact sulphides 
are often found, for example PbS and ZnS, which show that the 
oxidation never reached far out into the surrounding rock. This 
also indicates that extreme changes in climate, topography and 
groundwater circulation, which appear extremely unlikely today, 
would not lead to oxidizing conditions for a waste repository. In 
such limonite-bearing crush zones, as well as in less extreme 
cases of limonite-stained fractures, the transitional zone bet
ween positive and negative Eh values is situated at the border of 
the unaltered rock. In general, however, the fracture zones in 
the bedrock, even at shallow depth, have not become oxidized in 
this manner, but instead exhibit varying contents of bivalent 
iron in the layer silicate minerals. 

3.5.6 Impact of construction and drainage 

So far, we have been discussing the natural, undisturbed chemical 
environment around a rock repository. However, the actual process 
of constructing and draining a rock repository causes the ground
water to flow towards the repository and lowers the water table 
in the form of a funnel-shaped depression, Thunvik /3-45/. As a 
result, the natural chemical conditions around the repository are 
altered so that oxidation above the water table reaches greater 
depth and horizontal extent. At the same time, the rock walls of 
the repository are aerated. A valuable analysis of such a situ
ation is provided by Patfes /3-97/, who has studied the chemical 
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conditions at the Svomost uraniuu mine at Jachymov in Czechoslo
vakia. Mining operations have been pursued here for several hund
red years. The groundwater table is now 300 "i below the surface. 
At the time of the study, the mining operations had reached a 
depth of about 500 m. From the surface to this depth, the follow
ing variations were measured in the groundwater (average values 
of 9 samples at surface and 5 samples from 480 m): 

At surface At depth of 480 m 

Temperature, °C 7.1 21 
pH 6.5 7.6 
Na content mg/1 3.6 95 
Eh, mV +473 -53 

Despite the presence of air in nearby mining chambers, the Eh in 
the inflowing groundwater at the deepest level in the mine is 
clearly negative. The sulphate concentration (average) at this 
level is 280 mg/1, which is related to the fact that the surroun
ding crystalline bedrock is composed of metamorphic rocks, in 
some cases with considerable purite concentrations. 5 groundwater 
samples from granite in the same mine at depths of 520-720 m give 
instead 14 mg/1 as an average value for the sulphate content. 
Despite the fact that the sulphate content at higher levels of 
the mine is very high, the groundwater remains nearly neutral or 
weakly alkaline owing to reactions with surrounding silicate 
minerals. 

Of special interest is the fact that the uranium content of the 
groundwater is given for four samples. Some chemical data on 
these samples are presented in table 3-6. 

Table 3-6. Groundwater data from Svornost uranium mine /3-97/, 

No. Depth T Cl" HC0~ S0*~ H2Si03 pH Eh 

m 
,o 

U 

mg/1 mg/1 mg/1 mg/1 mV yug/1 

20 445 17,6 16,7 143,4 394,6 20,3 6,55 -5 471 

21 445 20,0 10,6 183,1 862,9 23,9 7,15 +57 9 000 

23 486 23,9 5,3 367,9 54,3 70,2 7,80 -89 76 

31 636 29,8 12,4 441,8 15,6 56,2 6,75 -62 17 

T'.ie two deepest samples, 23 and 31, show how rapidly the Eh and 
the uranium and sulphate concentrations decrease in the deeper 
part of the mine. They also provide some idea of the chemical en
vironment in the immediate vicinity of a rock repository which 
has been dewatered for a very long period of time and of the so
lubility of uranium dioxide which can be expected in correspond
ing situations in groundwater of a similarly bicarbonate-rich 
type as in the Swedish bedrock. The high sulphate contents are, 



however, not to be expected in areas with sulphide-poor bedrock 
of the type which occurs within the areas studied by KBS. 

This study shows that the effects of the construction and drai
nage of a rock repository on the groundwater's redox potential, 
and its capacity to disperse uranium in solution are limited to 
the vicinity of the rock caverns. Immediately outside the dis
turbed area, the natural equilibria are restored, and the ground
water cannot cause any substantial dispersal of the uranium. When 
a rock repository is backfilled and the water table resumes its 
natural level, the local perturbations also gradually disappear. 

7 Application to JJ waste repository 

In the previous KBS study on the storage of vitrified high-level 
waste, it vas concluded that most of the fission products are 
retarded so long by sorption in the bedrock that they decay be
fore they reach the biosphere. However, spent fuel contains con
siderably higher levels or uranium and other actinides, many of 
which have very long half-lives. It has been shewn above that the 
actinides, even if they are partially present in higher valence 
states at deposition, would, owing to the natural redox condi
tions in the bedrock, be precipitated and retained in tetrrva «nt 
form for millions of years. 

In a rock repository, the temperature will be elevated for a li
mited period of time, whereas the specified chemical equilibria 
apply at 25 C and atmospheric pressure. It can bo shown thermo-
dynamically that the equilibria between the concerned solid 
phases would not be appreciably shifted if the temperature were 
increased to 200 C. However, precipitation takes place more ra
pidly at higher temperatures, as has been demonstrated experi
mentally /3-98, 3-99 and 3-100/. 

The cited examples show that precipitation occurs at the depth 
and at the pressures which are suggested for a Swedish rock repo
sitory. The disturbance of the natural redox conditions caused by 
the aeration and drainage of the repository have been shown to be 
of a local nature and negative Eh values have been found immedi
ately outside of similarly aerated mine chambers. Extreme geolo
gical disturbances of the natural redox conditions, represented 
by the limonitic alteration discussed above, are also of a local 
nature and have remained local for a very long period of time, 
probably around 25 million years. 

In ,>rder tor it to be possible to apply conditions, observed in 
nature and explained theoretically and on the basis of experimen
tal data, to a waste repository, the water must be in direqt con
tact with the spent fuel in the same manner as it is with the 
uranium dioxide in the studied uranium ores. Cited data show that 
uranium, plutonium and other actinides will not be dispersed to 
the biosphere with thp groundwater despite such direct contact. 

However, KBS' storage proposal provides two additional barriers 
between the fuel and the groundwater, namely a canister and a 
buffer substance between the canister and the surrounding rock. 
The copper canister will, among other things, reduce external ra
diation so that the effects of radiolysis will be virtually neg
ligible. The function and durability of these barriers are dealt 



with in chapters II:A to 6. From a geological point of view, it 
can be added that metallic copper is a material which is stable 
in natural groundwater and which has been found in small quanti
ties at various locations in Sweden. A natural deposit of metal
lic copper together with uranium dioxide has been noted by Wei in 
/3-96/. An interesting observation is that metallic copper proved 
to be chemically stable over geological periods of time in water 
with an extremely high salt content, containing, among other 
solutes, 176 g/1 CI" and 110 mg/1 SO^" /3-407. 

With regard to the proposed buffer material (Na-bentonifj), an 
abovecited study of fracture-filling materials from the Gothen
burg district and the analytical data given there show that ben-
tonite of the relevant Na-dominant type is a natural constituent 
of the Swedish bedrock. Groun water chemistry studies /3-75/ cit
ed above show that this material is also generally in chemical 
equilibrium with the groundwater in a crystalline bedrock of 
roughly granitic composition. 



List of references for chapter 3 "Geology" 

ABERG G 
Precambrian geochronology cf south-eastern Sweden 
Proceedings of the Geological Society, Stockholm 100, 
1978 

Allmanna framstallningar av Sveriges geologi ges av 
MAGNUSSON N H, LUNDQVIST G, REGNELL G 
("General descriptions of the geology of Sweden are 
provided by Magnusson N H, Lundqvist G, Regnell G") 
Sveriges Geologi (Th.2 Geology of Sweden) 
Norstedts, Stockholm 1963 

LUNDEGARDH P H, LUNDQVIST J, LINDSTRdM M 
Berg och jord i Sverige 
("Rock and soil in Sweden") 
Almqvist and Wiksell, Stockholm 1970 

Zeitschrift fur Angewandte Geologie; 
Bd 23, H 9, 1977 

SCHERMAN S 
Forarbeten till platsval, berggrundsundersbkningar 
("Preliminary studies for site choice, bedrock studies") 
Geological Survey of Sweden 
KBS Technical Report 60, January 1978 

KLOCKARS C-E, PERSSON 0 
Berggrundvattenfbrhillanden i FinnsjbomrSdets nord-
bstra del 
("Groundwater conditions in the northeastern sector 
of the Finnsjb district") 
Geological Survey of Sweden 
KBS Technical Report 60, January 1978 

MAGNUSSON K-A, DURAN 0 
Geofysisk borrhilsmatning 
("Geophysical borehole survey") 
KBS Technical Report 61, January 1978 

SWAN G 
The mechanical properties of the rocks in Stripe, 
Krakemala, Finnsjon and Blekinge 
Lulei Institute of Technology 
KBS Technical Report 48, 1977-09-14 

LAGERBACK R, HENKEL H 
Studier av neotektonisk aktivitet i mellersta och 
norra Sverige, flygbildsgenomgang och geofysisk 
tolkning av recenta forkastningar 
("Studies of neotectonic activitiy in central and 
northern Sweden, review of aerial photographs and 
geophysical interpretation of recent faults") 
Geological Survey of Sweden 
KBS Technical Report 19, September 1977 



3-7 ROSHOFF K, LAGERLUND E 
Tektonisk analys av sbdra Sverige, Vattern - Norra 
Skine 
("Tectonic analysis of southern Sweden, Lake Vattern -
Northern Skine") 
University of Lund and Lulel Institute of Technology 
KBS Technical Report 20, September 1977 

3-8 FLODE"N T 
Tectonic lineaments in the Baltic from Gavle to 
Simrishamn 
University of Stockholm 
KBS Technical Report 59, 1977-12-15 

3-9 STEPHANSSON 0 
Deformationer i sprickigt berg' 
("Deformations in fissured rock") 
Lulei Institute of Technology 
KBS Technical Report 29, 1977-09-28 

3-10 PUSCH R 
The influence of rock movements on the stress/strain 
situation in tunnels or boreholes with radioacitve 
canisters embedded in a bentonite/quartz buffer mass 
Lulea Institute of Technology 
KBS Technical Report 22, 1977-08-22 

PUSCH R 
Experimental determination of the stress/strain situa
tion in a sheared tunnel model with canister 
LuleS Institute of Technology 
KBS Technical Report 76, 1978-03-02 

3-11 BERGMAN S G A 
Spanningsmatningar i Skandinavisk berggrund - forut-
sattningar, resultat och tolkning 
("Stress measurements in Scandinavian bedrock -
premises, results and interpretation") 
KBS Technical Report 64, November 1977 

3-12 KBS 
Karnbr'anslecykelns s lu t s t eg . Forglasat avfa l l fran 
upparbetnin^ 
("Handling of spent nuclear fuel and final storage 
of v i t r i f i e d high-level reprocessing waste") 
I I Geology, Stockholm, November 1977 

3-13 WESSLEN A 
Hur stort kan ett bergrum goras? 
("How large can a rock cavern be made?") 
Teknisk Tidskrift, 1975:3 

3-14 RINGDAL F, GJ0YSTDAL H, HUSEBYE E S 
Seismotectonic risk modelling for nuclear waste 
disposal in the Swedish bedrock 
Royal Norwegian Council for scientific and industrial 
research 
KBS Technical Report 51, October 1977 



Ik, 

3-15 EHRENBORG J 
Geologic interpretation of bedrock from a landsat 
colour composite 
Proceedings of the Geological Society, Stockholm, 99, 
p 58-62, 1977 

3-16 de MARSILY G, LEDOUX E, BARBREAU A, MARGAT J 
Nuclear Waste Disposal: Can the geologist guarantee 
isolation? 
Science 197: 4303, p 519-527, 1977 

3-17 N0RDENSK8LD C E 
Morfologiska studier inom overgangsomradet me1Ian 
Kalmar-slatten och Tjust 
("Morphological studies of the transitional area 
between the Kalmar plain and Tjust") 
Dissertation VIII, Lund Institute of Geography , Lund 1944 

3-18 MBRNER N-A 
Rorelser och instabilitet i den svenska berggrunden 
("Movements and instability in the Swedish bedrock") 
University of Stockholm 
KBS Technical Report 18, August 1977 

3-19 LUNDEGARDH P H 
Berggrunden i Gavleborgs Ian 
("The bedrock in Gavleborg County") 
Geological Survey of Sweden, Ser Ba, 22, Stockholm 1967 

3-20 . RUDBERG S 
The sub-cambrian peneplain in Sweden and its slope 
gradient 
Zeitschrift fiir Geomorphologie, Supplementband 9, 
p 157-167, Stuttgart 1970 

3-21 ASKLUND B 
Bruchspaltenbildungen im siidostlischen Sstergotland 
nebst einer Ubersicht der geologischen Stellung der 
Bruschspalten Sudostschwedens 
("Fracture formation in southeastern 'dstergbtland plus 
a survey of the geological state of the fractures of 
southern Sweden") 
Proceedings of the Geological Society, Stockholm, 45, 
p 249-285, 1923 

WELIN E 
Uranium disseminations and vein fillings in iron 
ores of northern Upland, central Sweden 
Proceedings of the Geological Society, Stockholm,. 
86, p 51-82, 1964 

RATIGAN J L 
Rock mechanics analyses 
Hagconsult AB 
KBS Technical Report 54:04, September 1977 

3-22 

3-23 



3-24 STEPHANSSON 0, MAKI K, GROTH T, JOHANSSON P 
Finit elementanalys av bentonitfyllt bergforvar 
("Finite element analysis of bentonite-filled rock 
repository") 
Lulea Institute of Technology 
KBS Technical Report 104, June 1978 

3-25 BJERHAMMAR A 
The gravity field in Fennoscandia and postglacial 
crustal movements 
Department of Geodesy, Royal Institute cf Technology 
KBS Technical Report 17, August 1977 

3-26 KUKLA J 
Correlation between loesses and deep sea sediments 
Proceedings of the Geological Society, Stockholm, 92, 
p 148-180, 1970 

3-27 PUSCH R 
Inverkan av glaciation pa en deponeringsanlaggning 
belagen i urberg 500 m under markytan 
("Influence of glaciation on a waste repository 
situated in primary bedrock 500 m below the surface 
of the ground") 
Lulea Institute of Technology 
KBS Technical Report 89, 1978-03-16 

3-28 GEIJER P, MAGNUSSON N H 
Mullmalmer i svenska jarngruvor 
("Hematite ores in Swedish iron mines")(Engl. summary) 
Geological Survey of Sweden, Ser C 338, 1926 

3-29 MAGNUSSON N H 
Malm i Sverige 1 
("Ore in Sweden 1") (p 278-280); 320 p 
Almqvist and Wiksell, Stockholm 1973 

3-30 DOWDING C H 
Seismic stability of underground openings 
Rockstore, inter:., symp. , preprint 2, p 23-30, 
Stockholm 1970 

3-31 YAMAHARA H, HISATOMI Y, MORI T 
A study on the earthquake safety of rock cavern 
Rockstore, intern, symp., preprint 2, p 159-164 
Stockholm 1977 

3-32 BATH M 
An earthquake catalogue of Fennoscandia for the years 
1891-1950 
Geological Survey of Sweden, Ser C, 545, 1956 

3-33 KULHANEK 0, WAHLSTROM R 
Earthquakes of Sweden 1891-1957, 1963-1972 
Dept of Seismology, University of Uppsala 
KBS Technical Report 21, September 1977 



16.' 

3-34 BATH M 
Earthquakes in Sweden in 1951 to 1976; and 
Energy and tectonics of Fennoscandian earthquakes 
Typescripts from the Dept of Seisiiology, University 
of Uppsala, 1978 

3-35 KVALE A 
Earthquakes; in Geology of Norway, p 490-506, 
0 Holtedahl ed., 540 p 
Geological Survey of Norway, No. 208, Oslo 1960 

3-36 HULT A, GIDLUND G, THCfREGREN U 
Permeabilitetsbestamningar 
("Permeability determinations") 
Geological Survey of Sweden 
KBS Technical Report 61, January 1978 

3-37 GIDLUND G 
Analyser och aldersbestamningar av grundvatten pa 
stora djup 
("Analyses and age determinations of groundwater at 
great depths") 
Geological Survey of Sweden 
KBS Technical Report 62, 1978-02-14 

3-38 OLRIEWICZ A, HANSSON K, ALMEN K-E, GIDLUND G 
Geologisk och hydrogeologisk grunddokumentation av 
Stripa forsoksstation 
("Geological and hydrogeological ground documentation 
at the Stripa research station") 
Geological Survey of Sweden 
KBS Technical Report 63, February 1978 

3-39 CARLSSON H 
Bergspanningsmatningar i Stripa gruva 
("Measurements of rock stresses in the Stripa mine") 
Lulei Institute of Technology 
KBS Technical Report 49, 1977-08-29 

3-40 LINDGREN W 
Mineral deposits (p 525) 
McGraw-Hill, New York, 1933 

3-41 LARSSON I, LUNDGREN T, WIKLANDER U 
Blekinge kustgnejs. Geologi och hydrogeologi 
("The Blekinge coastal gneiss, geolgy and hydrogeo-
logy") 
Department of Land Improvment and Drainage, Royal 
Institute of Technology, Swedish Geotechnical Institute 
and Geological Survey of Sweden 
KBS Technical Report 25, August 1977 

3-42 AKERBL0M G 
From the Ceological Survey of Sweden's archives for 
uranium prospecting, 1977 

3-43 LINDBLOM U 
Groundwater movements around a repository, Phase 1 
Hagconsult AB 
KBS Technical Report 06, 1977-02-28 



17. 

3-44 GRUNDFELT B 
Translation and development of the BNWL Geosphere 
model 
Kemakta Konsult AB 
KBS Technical Report 10, 1977-02-05 

3-45 Investigations of groundwater flow in rock around 
repositories for nuclear waste 

STOKES J 
Groundwater flow due to topographical and geological 
effects 

THUNVIK R 
Local groundwater depression around a repository 

STOKES J, THUNVIK R 
Three dimensional model of groundwater flow governed 
by topography 
Department of Land Improvment and Drainage, Royal 
Institute of Technology 
KBS Technical Report 47, 1978-02-28 

3-46 Groundwater movements around a repository 
Hagconsult AB 
Technical Report 54:01-06, September-October 1977 

01 STILLE H, BURGESS A, LINDBLOM U 
Geological and geotechnical conditions 

02 RATIGAN J L 
Thermal analyses 

03 BURGESS A 
Regional groundwater flow analyses 

05 RATIGAN J L, BURGESS A, SKIBA E L, CHARLWO0D R 
Repository domain groundwater flow analyses 

06 LINDBLOM U et al 
Pinal report 

3-47 NERETNIEKS I 
Retardation uf escaping nuclides from a final deposi
tory 
Department of Chemical Engineering, Royal Institute 
of Technology 
KBS Technical Report 30, 1977-09-14 

3-48 GRUNDFELT B 
Transport av radioaktiva 'aninen med grundvatten frSn 
ett bergfbrvar 
("Transport of radioactive elements in groundwater 
from a rock repository") 
Kemakta Konsult AB 
KBS Technical Report 43, November 1977 



<8. 

3-49 NILSSON L Y 
Korttidsvariationer i grundvattnets tryckniva 
("Short-term variaions in the pressure level of 
the groundwater") 
Department of Land Improvment and Drainage, Royal 
Institute of Technology 
KBS Technical Report 91, September 1977 

3-50 HAGGBLOM H 
Calculations of nuclide migration in rock and 
porous media penetrated by water 
AB Atomenergi 
KBS Technical Report 52, 1977-09-14 

3-51 HAGGBLOM H 
A three-dimensional method for calculating the 
hydraulic gradient in porous and cracked media 
AB Atomenergi 
KBS Technical Report 69, 1978-01-26 

3-52 GRUNDFELT B 
Nuklidvandring frln ett bergforvar for utbrant 
bransle 
("Nuclide migration from a rock repository for spent 
fuel") 
Kemakta Konsult AB 
KBS Technical Report 77, 1978-08-31 

3-53 SNOW D T 
Rock racture spacings, openings and porosities 
Journ. Soil Mech. Found. Div., AICLE, 94, p 73-91. 
1968 

3-54 MARINE W I 
The permeability of fractured crystalline rock at 
the Savannah River plant near Aiken, South Carolina 
US Geol. Survey Prof. Paper 575-B, p 203-211, 1967 

3-55 LARSS0N I, FLEXER A, ROSEN B 
Effects of groundwater caused by excavation of rock 
•tore caverns 
Eng. Geol. 11, p 279-294, 1977 

3-56 STILLE H, LUNDSTRCM L 
Large scale permeability test of the granite in 
the Strips mine and thermal conductivity test 
Hagconsult 1978 

3-57 WEBSTER D S, PROCTOR J F, MARINE I W 
Two-well tracer test in fractured crystalline rock 
US Geol. Survey Water Supply Paper 1544-1, 1970 

3-58 HEIMLI P 
Bergarters porositet, permeabilitet, fuktutvidgelse 
og kapilaritet 
("The porosity, permeability, moisture swelling and 
capillarity of different types of rocks") 
Geological Institute of Engineering Geology 
Norwegian Institute of Technology, Trondheim, 1974 



3-59 BRACE V F, ORANGE A S 
Electrical resistivity changes in saturated rocks 
during fracture and frictional sliding 
Journ. Geophys. Res. 73, p 1433-1445, 1968 

3-60 JESSOP A M, ROBERTSON P B, LEWIS T J 
A brief summary of thermal conductivity of crystalline 
rocks 
Canad. Dept. of Energy, Mines and Resources Rep. 76-4 
1976 

3-61 JESSOP A M 
Written message to KBS; Reg. No. 42.08, 77-11-17 

3-62 MALMQVIST L, &QUIST U 
Measurements of the complex impedance of rock samples 
at the frequency 1 Hz; Manuscript 1978 

3-63 KELLER G V, FRISCHKNECHT F C 
Electrical methods in geophysical prospecting (p 27) 
Pergamon Press, Oxford 1966 

3-64 FAURE G 
Principles of Isotope Geology 
J Wiley & Sons, New York, 1977 

3-65 M00K W G 
The dissolution-exchange model for dating groundwater 
with l^C; in interpretation of environmental isotope 
and hydrochemical data in groundwater hydrology 
- 213-225 
Internat. Atom. Energy Agency, Vienna 1976 

3-66 ERIKSSON E, HOLTAN H 
Hydrokemi, kemiska processer i vattnets Vretslopp 
("Hydrochemistry, chemical processes in the water 
cycle"), p 52 
Nordic IHD Report No. 7, Oslo 1974 

3-67 STUIVER M, POLACH H A 
Reporting of li*C data; Radiocarbon, 19, p 355-363 
1977 

3-68 VOGEL J C 
Carbon-14 dating of groundwater; in Isotope Hydrolu^y 
1970; p 225-239 
Internat. Atom. Energy Agency, Vienna 1970 

3-69 WENNER C G, M&LLER A, KJELLIN B 
Vattnets beskaffenhet i svenska brunnar 
("The nature of the water in Swedish wells") 
Water, 30, p 370-389 

3-70 LAAKS0 M 
Kalliokaivojen veeden laatu ja antoisuus; 
Maataloushallituksen insinbbriosasto; 
Maaja Vesitekn. Tutkimustoimustu, Tied 2, 86 p, 
Helsinki 1966 



20. 

3-71 LAHERMO P 
On the hydrogeoiogy of the coastal region of south
eastern Finland 
Geol. Survey of Finland, Bull. 252, 44 p, 1971 

3-72 F3TH J H, ROBERTSON C E, POLZER W L 
Sources of mineral constituents in water from granitic 
rocks, Sierra Nevada, California and Nevada 
US Geol. Survey Water Supply Paper 1535-1, 1964 

3-73 PACES T 
Steady state kinetics and equilibrium between ground
water and granitic rock 
Geochim. et Cosmochim. Acta. 37, p 2641-2663, 1973 

3-74 RENNERFELT J 
Sanmansattning av grundvatten pi stbrre djup i granitisk 
berggrund 
("Composition of groundwater deep down in granitic 
bedrock") 
Orrje & Co 
KBS Technical Report 36, 1977-11-07 

3-75 JACKS G 
Groundwater chemistry at depth in granites and gneisses 
Department of Land Improvement and Drainage, Royal 
Institute of Technology 
KBS Technical Report 88, April 1978 

3-76 RENNERFELT J, JACKS G 
Probable composition of groundwater in the crystalline 
bedrock at great depth 
Technical Report 90, subappendix A:l, 1978 

3-77 KBS 
Handling of spent nuclear fuel and final storage of 
vitrified high-level reprocessing waste 
I General, p 62-63, Solna 1977 

3-78 GERMANOV A I, PANTELEYEV V M 
Behaviour of organic matter in groundwater during 
infiltrational epigenesis 
Internet. Geology Rev., 10, - 826-832 

3-79 LISITSYN A K, KUZNETSOVA E C 
Role of microorganisms in development of geochemical 
reduction barriers where limonitization bedded zones 
wedge-out 
Internat. Geology Rev., 9, p 1180-119JI 

3-80 BROTZEN 0 ] 
On the occurrence of uranium in ancient conglomerates 
Econ. Geol. 53, p 489-491, 1958 

3-81 HOSTETLER P B, GARRELS R M 
Transportation and precipitaiton of uranium and vanadium 
at low temperatures 
Econ. Geol. 57, p 137-157, 1962 



3-82 BATUL1N S G, GOLEVIN E A, ZELENOVA 0 I et al 
Exogeneous epigenetic uranium deposits 
Atomizdat, 1965 

3-83 DAHL A R, HAMATER J L 
Genesis and characteristics of the Southern Powder 
Basin uranium deposits, Wyoming, USA, in Formation 
of uranium-ore deposits, p 201-215 
Proc. Symp. Internat. Atom. Energy, Vienna 1974 

3-84 ALLARD B, KIPATSI H, RYDBERG J 
Sorption av langlivade radionuklider i lera och berg 
("Sorption of long-lived radionuclides in clay and 
rock") 
Part 1 
Department of Nuclear Chemistry, Chalmers University 
of Technology 
KBS Technical Report 55, 1977-10-10 

3-85 ALLARD B, KIPATSI H, TORSTENFELT B 
Sorption av lSnglivade radionuklider i lera och berg 
("Sorption of long-lived radionuclides in clay and 
rock") 
Part II 
Department of Nuclear Chemistry, Chalmers University of 
Technology 
KBS Technical Report 98, 1978-04-20 

3-86 COWAN G A 
Migration paths for Oklo reactor products and appli
cations to the problem of geological storage of nuclear 
wastes 
Proc. Techn. Comm. on Nat. Fiss. React., 
Internat. Atom. Energy Agency, Paris 1977 

3-87 BR00KINS D G 
The Oklo phenomenon 
Proc. Techn. Comm. on Nat. Fiss. React., 
Internat. Atom. Energy Agency, Paris 1977 

3-88 TOVERUD '6 
Chemical and mineralogical aspects of some geochemical 
anomalies in glacial drift and peat in northern Sweden 
Geological Survey of Sweden, Ser C, 729, 1977 

3-89 BERGSTR0M J 
Seasonal variations and distribution of dissolved iron 
in an aquifer 
Nordic Hydrology, 5, p 1-31, 1974 

3-90 ERIKSSON E, KHUNAKASEM V 
The chemistry of groundwater in Groundwater problems, 
Eriksson, Gustafsson, Nilsson Ed, Pergamon Press, 
London 1968 



22. 

3-91 GRENTHE I 
Determination of redox potential in groundwater from 
Stripa and Finnsjo Lake 
Department of Inorganic Chemistry, Royal Institute of 
Technology 
KBS Technical Report 90, appendix B5, 1978 

3-92 TARDY Y, GARRELS R M 
A method of estimating the Gibbs energi of formation 
of layer silicates 
Geochim. Cosmochim. Acta, 38, p 1101-1116, 1974 

3-93 BRUSEWITZ A M, SHALL S, AHLBERG P, LUNDGREN T 
Lerzoner i berganlaggningar 
("Clay zones in rock facilities") 
Internal reports No. 5, Swedish Geotechnical Institute, 
Stockholm 1974 

3-94 ARMANDS G 
Geochemical prospecting of a uraniferous bag 
deposit at Masungsbyn, northern Sweden; in Geochemical 
prospecting in Fcnnoscandia, p 127-154, A Kvalheim ed. 
350 p, 
Interscience, New York, 1967 

3-95 ADAMEK P M, WILSON M R 
Recognision of a new uranium province from the Pre-
cambrian of Sweden; 
IAEA-TC-25/16, in Recognition and evaluation of urani
ferous areas, p 199-215, 
Internat. Atom. Energy Ag., Vienna 1977 

3-96 WELIN E 
Uranium mineralizations and age relationships in 
the precambrian bedrock of central and southeastern 
Sweden 
Proceedings of the Geological Society, Stockholm, 
88, p 34-67, 1966 

3-97 PACES T 
Chemical equilibria and zoning of subsurface water 
from JAchymov ore deposit, Czechoslovakia 
Geochim. Cosmochim. Acta, 33, p 591-609, 1969 

3-98 MILLER L J 
The chemical environment of pitchblende 
Econ. Geol., 53, p 521-545, 1958 

3-99 RAFAELSKY R P 
The experimental investigation of the conditions of 
uranium transport and deposition by hydrothermal 
solutions 
Proc. 2nd United Nations internat. conf. peaceful 
uses atom, energy, 2, p 432-444, Geneva 1958 



23. 

3-100 RAFAELSKY R P, KUDINOVA K F 
Experimentelle Untersuchung der Reduktion und Fallung 
von Uran durch Mineralien 
("Experimental investigation of the reduction and 
precipitation of uranium through mineralization") 
Kemenergie, 3, p 535-538, 1960 


