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ABSTRACT 

The paper  d e s c r i b e s  a  hydrogeological  and geo techn ica l  s tudy  of rock 
mass a t  an  exper imenta l  n i c k e l  mine a t  Lappva t tne t ,  Sweden. The 
mine i s  s i t u a t e d  30 km south-west of t h e  township of S k e l l e f t e a  and 
was mainly developed f o r  t h e  e x p l o r a t i o n  purposes.  The mine c o n s i s t s  
of 1000 m of underground roadways from where a  number of diamond 
cored boreho les  were d r i l l e d  f o r  geo techn ica l  s t u d i e s  and mine 
v a l u a t i o n .  The main problem encountered dur ing  the  development s t a g e  
of t h e  mine was very  high q u a n t i t i e s  of ground water  inf lows a t  
r e l a t i v e l y  h igh  hydrau l ic  p r e s s u r e s .  The geo log ica l  and hydro- 
geo log ica l  c o n d i t i o n s  along t h e  l e n g t h  of t h e  d r i f t s  a r e  desc r ibed  
t o g e t h e r  w i t h  t h e  methods used f o r  ground-water inf low c o n t r o l .  The 
s tudy shows t h a t  t h e r e  i s  a  s t r o n g  need f o r  modifying t h e  g rou t ing  
methods t o  s u i t  t h e  rock c o n d i t i o n s  i n  o r d e r  t o  c o n t r o l  the  ground- 
water  in f lows .  A  d i s c u s s i o n  regard ing  t h e  need f o r  a  d e t a i l e d  
geo techn ica l  i n v e s t i g a t i o n  p r i o r  t o  t h e  planning and design s t a g e  
of t h e  p r o j e c t  i s  a l s o  inc luded .  

INTRODUCTION 

The n i c k e l  d e p o s i t  i n  Vas te rbo t ten  i n  t h e  north-western p a r t  of 
Sweden i s  found i n  a  zone about  120 km long which extends from the  
town S k e l l e f t e a  on t h e  e a s t  c o a s t  towards t h e  south-west ( s e e  
f i g u r e  1).  In  the  e a r l y  n ine teen-seven t ies  t h e  Geological  Survey 
of Sweden s t a r t e d  block sampling i n  the  n i c k e l  zone. Diamond core  
d r i l l i n g  w i t h i n  t h e  d e p o s i t  a t  Lapva t tne t  was s t a r t e d  i n  1974 and 
cont inued dur ing  1975 and 1976. The borehole c o r e s  i n d i c a t e d  - 
nickel-copper  m i n e r a l i s a t i o n s  down t o  the  depth of 120 m below 
t h e  s u r f a c e .  The percentage nickel-copper  was es t imated  t o  be i n  
excess  of 0 ,4% i n  t h e  r i c h e s t  p a r t  of t h e  o r e  body. The t e s t  mine 
was s t a r t e d  a t  Lappvat tnet  i n  1978 when t h e  orebody was explored 
a long  t h e  120 m l e v e l  and a l s o  a long  10  cored boreho les  d r i l l e d  
from t h e  d r i f t s .  The r e s u l t s  of t h e  i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  
t h e  f u l l  s c a l e  mining o p e r a t i o n s  w i l l  n o t  be p r o f i t a b l e  on account of 
r e l a t i v e l y  small  o r e  r e s e r v e s ,  poor o r e  con ten t  and high r a t e s  of 
ground-water seepage through bed-rock. 



Figure 1 Location of t h e  t e s t  mine a t  Lappvat tnet  

INVESTIGATION APPROACH AND OBJECTIVES 

The main purpose o f  t h i s  geohydrologic and rock eng ineer ing  s tudy  was 
to:  

document t h e  geohydrologic cond i t ions  i n  the  t e s t  mine 

e v a l u a t e  and desc r ibe  t h e  geohydrologic and rock eng ineer ing  
c o n d i t i o n s  a long  the  o r e  m i n e r a l i s a t i o n  

ana lyse  "Pro jec t  Lappvat tnet"  wi th  a  view of app ly ing  exper iences  
t o  s i m i l a r  p r o j e c t s  

The s tudy has ,  amongst o t h e r  t h i n g s ,  included t h e  fo l lowing  approaches:  

mapping o f  t h e  d r i f t s  

s tudy  of t h e  d r i l l  co res  

s tudy  of t h e  exper iences  from t h e  d r i v i n g  of t h e  d r i f t s ,  f o r  
example the  performance of g rou t ing .  

STRUCTURAL MAPPING OF DRIFTS 

The g e o l o g i c a l  mapping has been done f o r  t h e  purpose of record ing  the 
p o s i t i o n  of f i s s u r e s ,  t e c t o n i c  zones, s c h i s t o s i t y  and ground-water inf low. 
The r e s u l t s  have been p resen ted  according t o  BERGAB's system of 
c l a s s i f i c a t i o n .  This system g ives  a  c l a s s i f i e d  d e s c r i p t i o n  of t h e  rock 
c o n d i t i o n s  wi th  re fe rence  t o  t h e  degree of c rush ing ,  c l a y  a l t e r a t i o n  and 
t h e  presence of ground-water. A  complete d e s c r i p t i o n  of the  BERGAB's 
c l a s s i f i c a t i o n  system i s  given i n  Table 1. The system has  been used f o r  
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about 15 years in a large number of projects, both at the planning and 
development stages. The structure plan of the drifts is given in Pig. 2 
which show the fissures and water bearing zones at the time of the 
geological mapping. 

The ore drifts were driven parallel to and in the zone of ore mineral- 
isation. From a hanging wall drift (Fig. 2) it was planned to carry out 
core drilling to obtain samples from the ore mineralisation on deeper 
levels. The driving of the hanging wall drift however, had to be 
discontinued because of low quality ore together with high rates of 
ground-water inflows presenting a risk of the tunnel face collapse. 
At this stage it was decided to plug up the inbye end of the drift with 
a concrete dam. An investigation drift was then developed, where the 
planned exploratory drilling was carried out (Fig. 2). 

Rock Structures 

The dominating rock type was gneiss. The strike direction of the 
schistosity was about N50-70°E with the dip of 50-800s. Fissures and 
tectonic zones appeared mainly along the schistosity and along more or 
less vertical planes with the direction N25-40°E. Along the schistosity 
planes there were thin veins of graphite. In some parts the percentage of 
graphite was high. The graphite forms conspicuous planes of weakness in 
the bedrock. Where the percentage of graphite was high the bcdrock had a 
distinct slaty-thin slaty cleavage along the schistosity. The ore 
mineralisation had occurred in the "weakest" parts of the bedrock, in 
addition to the parts, rich in graphite. Consequently, the ore body 
forms a slab orientated along the schistosity. The percentage of 
graphite was normally high in the ore drifts and hanging wall drift but 
considerable lower in the investigation drift. 

The ground-water flow was in general very strong. Both fissures along 
the schistosity and vertical fissures orientated about N25-400W carried 
water. The ground-water reservoir was large. The beirock was covered 
with a 12-15 m thick layer of glacifluvial sand, in which the ground- 
water level was just below the surface. Depending upon the presence of 
graphite, the bedrock conditions were markedly different in the ore 
drifts/hanging wall drift and investigat~on drift. This is indicated by 
the differing degrees of deformations. 

Because the bedrock had been subjected to tectonic deformation the built 
up tensions caused movements thus, creating fissures. These movements 
had mainly taken place along existing planes of weaknesses. In principle, 
the bedrock had been subjected to deformation during two separate epochs. 

In the plastic deformation mode the bedrock had partly recrystallized 
simultaneously with the development of the schistosity planes. Movements 
in the bedrock had taken place along existing planes of schistosity and 
parallel graphite veins. Secondary tension cracks had been formed along 
a strike direction about perpendicular to the schistosity. In reality 
these correspond to the vertical fissures striking N25-40°W. These 
types of fissures are most distinctly formed in the parts poor in graphite 
where tensions have not been relieved due to movements along the 
schistosity/graphite veins. 



fissures at an a 

F igure  3 P r i n c i p l e  type of f i s s u r e  formation 

I n  t h e  r u p t u r a l  deformation a f t e r  c o n s o l i d a t i o n  of t h e  bedrock t o  a  
r i g i d  mass, it had been exposed aga in  t o  deformation.  Older s c h i s t o s e  
v e i n s  and planes formed dur ing  the  p l a s t i c  deformation have then 
c o n t r o l l e d  t h e  new movements along t h e  s c h i s t o s i t y / g r a p h i t e  v e i n s .  
F u r t h e r  movements had a l s o  occurred along t h e  e a r l i e r  t e n s i o n  c racks .  
The exper ience  from a r e a s  of s i m i l a r  geo log ica l  s t r u c t u r e  shows t h a t  
f i s s u r e s / s c h i s t o s i t y  zones o f t e n  l i m i t  t h e  e x t e n t  of o t h e r  types of 
f i s s u r e s .  F i s s u r e s  a t  an ang le  t o  t h e  s c h i s t o s i t y  t e rmina te  i n  many 
cases ,  j u s t  t o  f i s s u r e s  along t h e  s c h i s t o s i t y  zones o r  con t inue  t o  
d i f f u s e  (see Fig.  3 ) .  

The o r e  d r i f t  i s  s i t u a t e d  i n  the  bedrock c o n t a i n i n g  a  high percentage 
of g r a p h i t e  and i s  c h a r a c t e r i z e d  by the  presence of s l a t y c l e a v a g e s  
and minor types of f i s s u r e s .  The i n v e s t i g a t i o n  d r i f t  i s  l o c a t e d  i n  t h e  
rock mass con ta in ing  a  low percentage of g r a p h i t e  and predominantly 
c h a r a c t e r i z e d  by s t r u c t u r a l  f e a t u r e s  such a s  f i s s u r e s  i n t e r s e c t i n g  t h e  
s c h i s t o s i t y  a t  an  ang le  and t o  a  l e s s e r  e x t e n t  by t h e  s l a t y  c leavages .  
(Fig.  2 and 4 ) .  

The ground-water f low was s t r o n g  i n  both t h e  g r a p h i t e  poor and g r a p h i t e  
r i c h  p a r t s .  In  t h e  g r a p h i t e  r i c h  p a r t  t h e  water  f low i s  almost 
completely l inked  t o  t h e  f i s s u r e s  flow a long  t h e  s c h i s t o s i t y  and some- 
t imes t o  "channels" a long  t h e  g r a p h i t e  v e i n s  ( see  Fig.  5 ) .  The t ens ion  
c r a c k s  formed perpend icu la r ly  t o  the  s c h i s t o s i t y  a r e  open and wate r  
bear ing .  This  has  been p o s s i b l e  t o  v e r i f y  w i t h i n  some grouted p a r t s  
of t h e  i n v e s t i g a t i o n  d r i f t  where t h e  g rou t  was seen t o  have f i l l e d  
open f i s s u r e s  o f  t h i s  type.  

A STUDY OF CORES OBTAINED BY DIAMOND CORE DRILLING 

The s i t e  and t h e  d i r e c t i o n  of t h e  boreholes  were s e l e c t e d  so  a s  t o  
o b t a i n  t h e  fo l lowing  informat  ion.  
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Figure  4 Diagrammatic p r e s e n t a t i o n  of t h e  bedrock around the  
o re  d r i f t  and i n v e s t i g a t i o n  d r i f t  

1. Cores d r i l l e d  i n  advance of t h e  d r i f t s  i n  d i f f e r e n t  geo log ica l  
environments. The purpose o f  t h e s e  c o r e s  was t o  make a  comparison 
between t h e  c o r e s  and t h e  corresponding s t r u c t u r a l  mapping of t h e  
a c t u a l  d r i f t .  

2.  Cores from corresponding g e o l o g i c a l  environments taken from 
h i g h e r  l e v e l s .  The purpose of t h e s e  c o r e s  was t o  compare them 
t o  t h e  c o r e s  ob ta ined  from t h e  d r i f t  l e v e l .  

3 .  Cores ob ta ined  from h o l e s  i n t e r s e c t i n g  f i s s u r e  zones n o t  f a r  
from t h e  rock s u r f a c e .  The purpose of t h e s e  c o r e s  was t o  
i n v e s t i g a t e  " the  q u a l i t y  of t h e  s u r f a c e  rock" e s p e c i a l l y  
cons ider ing  the  c o n d i t i o n s  f o r  wa te r  i n f i l t r a t i o n  from the  s o i l  
l a y e r .  

4 .  The bore ho le  c o r e s  were ob ta ined  from the  d r i f t ' s  w a l l s  which 
have been r e p e a t e d l y  grouted.  The purpose of t h e s e  c o r e s  was t o  
compare grouted p a r t s  of t h e  bedrock t o  geo log ica l  cond i t ions .  

The s tudy of t h e  core  d r i l l i n g  can be summarized a s  fo l lows :  

I n  the  p a r t s  of t h e  d r i f t s  where t h e  bedrock had a  markedly 
s l a t y  cleavage along the  s c h i s t o s i t y ,  t h e  c o r e s  were "cut  i n t o  
small  p ieces" .  These p i e c e s  a r e  i n  most c a s e s  de f ined  by 
f i s s u r e s  a long  t h e  s c h i s t o s i t y .  

The s l a t y  cleavage i n  t h e  d r i f t s  was i n  most c a s e s  connected t o  
p a r t s  o f  t h e  bedrock r i c h  i n  g r a p h i t e .  The corresponding c o r e s  
show d i s t i n c t  v e i n s  of g r a p h i t e  a long  t h e  s c h i s t o s i t y .  



. I n  t h e  zone where t h e  hanging w a l l  d r i f t  had t o  be abandoned t h e  
co r respond ing  c o r e s  were of a  v e r y  low rock  q u a l i t y .  Seve ra l  
l o s s e s  of c o r e s  had been no ted .  O f  t h e  r e l a t i v e l y  few c o r e  h o l e s  
which have been examined, t h e  c o n d i t i o n s  i n  t h e  zone appeared t o  
a l t e r  s l i g h t l y  a long  the  d r i f t .  . I n  the  f o o t  wa l l  of t h e  o r e  m i n e r a l i s a t i o n  t h e  f i s s u r e  f requency 
i s  c o n s i d e r a b l y  lower than  i n  t h e  hanging w a l l .  

D i s t i n c t  f i s s u r e s  a t  an ang le  t o  t h e  s c h i s t o s i t y  had been 
observed i n  t h e  c o r e s  from the  f o o t  w a l l .  Mostly t h e s e  f i s s u r e s  
were regarded a s  v e r t i c a l  w i th  t h e  s t r i k e  about  N25-40°W. 

In  t h e  s t r u c t u r e  mapping by boreho le  c o r e s ,  t h e  wa te r  b e a r i n g  open 
f i s s u r e s  a r e  normal ly  i d e n t i f i e d  by t h e  p resence  o f  a  l a y e r  of  r u s t  on 
t h e  f i s s u r e  s u r f a c e s .  However, i n  t h e  p r e s e n t  s t u d y  t h e s e  d i r e c t  
i n d i c a t i o n s  of  t h e  p resence  of wa te r  were v e r y  r a r e .  The absence of  
r u s t  i n  i t s e l f  i s  n a t u r a l  i n  the  p a r t s  where t h e  g r a p h i t e  v e i n s  i n  
c o n t a c t  w i t h  t h e  wa te r  b e a r i n g  f i s s u r e s  a long  t h e  whole s u r f a c e  o r  i n  
open channe l s .  No n a t u r a l  r u s t  occur s  i n  such an environment .  (F ig .  5 ) .  

F i g u r e  5 Diagrammatic p r e s e n t a t i o n  of open "channels"  
a long  g r a p h i t e  v e i n s  

F u r t h e r ,  no r u s t  could be t r a c e d  i n  t h e  v e r t i c a l  f i s s u e s  s t r i k i n g  abou t  
~25-40°w which were p a r t i a l l y  water  b e a r i n g .  This  f i s s u r e  d i r e c t i o n  was 
however under - rep resen ted  i n  t h e  c o r e s ,  because o f  t h e  g e n e r a l  d i r e c t i o n  
of t h e  c o r e  h o l e s  which were more o r  l e s s  p e r p e n d i c u l a r  t o  t h e  o r e  
m i n e r a l i s a t i o n .  

The r e c o r d s  from t h e  d r i l l  c o r e s  d r i l l e d  from t h e  d r i f t s  i n d i c a t e  
s e v e r a l  i nc idence  of  g r o u t i n g s  t o  s t o p  t h e  wa te r  in f low.  However, i t  
was n o t  p o s s i b l e  t o  say i f  t h e  g r o u t i n g s  were done because of a  s i n g l e  
f i s s u r e / z o n e  o r  i f  t h e  h o l e s  had been accumula t ing  wa te r  from longer  
s e c t  i o n s .  



Core drilling both from the surface and from the underground drifts, 
clearly demonstrate the need for water loss measurements using a 
packer test. With these measurements interesting sections can be 
tested and compared to geological conditions observed in the cores. 
A great deal of important information concerning engineering geology 
could be added to the project in this way. 

E X P E R I E N C E S  FROM D R I V I N G  T H E  D R I F T S  

Water in£ low 

The difficulty with water inflow to the drifts under strong hydraulic 
pressure has been the dominating problem when driving the drifts. 
When driving the drifts, water inflow caused considerable disturbances, 
of which some are listed below: 

difficulties to drill for blasting 

difficulties to pump the drifts free from water 

poor environmental conditions 

continual interruptions in the driving cycle caused by the 
drillings for grouting and groutings. 

About 1500 l/min have been pumped out from the completed system of 
drifts. 

Blasting 

The project was based on the use of hand-held dri 1 ling. Many problems 
arise when drilling in the presence of strong water flows. The drillers 
had to work with water flowing in from the ceiling of the drift, from 
the drilled holes and from the holes being drilled. If the water in thc 
drilled holes was stopped by packers, the pressure would rise in the 
holes impeding the drilling operations. It was almost impossible to 
charge the holes due to strong water flow. To make the driving of the 
drifts possible, pregrouting was extensively used. Also during the 
project the hand-held drilling was changed to a drill rig. 

Support 

The fissures in the bedrock were more or less vertical which was 
favourable for the driving of the drifts. There was no need for shot- 
creting and only a few rock bolts were used. No ordinary stability 
problems occurred. 

Grouting 

The work to seal off the water was a dominating problem right from an 
early stage. No records had been kept to show how the sealing work was 
executed in detail. All information about the grouting is to be found 
in a diary, which contains only information entered about when the 
grouting was done, how many hours had been worked and how much cement 
was used. A technical analysis of how the work was carried out was 
not possible because of the lack of information. 
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Figure  6a Conventional g r o u t i n g  wi th  f i s s u r e s  p a r a l l e l  t o  t h e  d r i f t .  
When t h e  g rou t  h o l e s  a r e  c o n v e n t i o n a l l y  p l aced  and d i r e c t e d  
t h e  chances  t o  o b t a i n  a  good s e a l i n g  of t h e  f i s s u r e s  a r e  smal l  

F i g u r e  6b Convent ional  g r o u t i n g  w i t h  f i s s u r e s  p e r p e n d i c u l a r  t o  t h e  
d r i f t .  Good c o n d i t i o n s  t o  a t t a i n  a  good s e a l i n g  r e s u l t .  
Each g r o u t  h o l e  i n t e r s e c t s  s e v e r a l  f i s s u r e s  and t h e  same 
f i s s u r e s  a r e  i n t e r s e c t e d  i n  s e v e r a l  p l a c e s  



When t h e  d r i f t s  were mapped some s u b s t a n t i a l  l eakages  were a l s o  obse rved  
i n  s e c t i o n s  where e x t e n s i v e  g r o u t i n g s  had been done. An e x p l a n a t i o n  
could b e ,  t h a t  t he  d r i f t s ,  e s p e c i a l l y  t h e  o r e  d r i f t s ,  where d r i v e n  
p a r a l l e l  t o  a  l a r g e  number of f i s s u r e s  which had a  bad communication 
wi th  each  o t h e r ,  due t o  l a c k  of  t r a n s v e r s e  f i s s u r e s .  The forward 
d r i l l i n g ,  which i s  a lmos t  p a r a l l e l  r o  t h e  d r i f t  i n  t h i s  type  of  p re -  
g r o u t i n g ,  cou ld  n o t  i n t e r s e c t  a l l  t h e  f i s s u r e s .  Many of  t h e s e  a r e  
t h e r e f o r e  l e f t  ungrouted because o f  t h e  l a c k  o f  t r a n s v e r s e  f i s s u r e s .  
An a g g r a v a t i n g  c i r cums tance  f o r  t h e  g r o u t i n g  can  a l s o  be t h e  wa te r  
b e a r i n g  c h a n n e l s  a long  t h e  f i s s u r e  p l a n e s  which were obse rved  d u r i n g  
t h e  survey ( s e e  F ig .  6 ) .  I t  i s  d i f f i c u l t  t o  ach ieve  good g r o u t i n g  
r e s u l t s  under  t h e  c i r cums tances  where bad communication p r e v a i l e d  
between t h e  f i s s u r e s  t o g e t h e r  w i t h  a  r e l a t i v e l y  h i g h  ground-water 
pressure (abou t  1 , 2  m a ) .  Good s e a l i n g  c a l l s  f o r  good knowledge, 
t e c h n i c a l  imag ina t ion  and good equipment .  

F igure  2  shows t h e  a r e a  of d r i f t s  g rou ted  by cement t o g e t h e r  w i t h  t h e  
i n f o r m a t i o n  abou t  used q u a n t i t y  o f  cement, a s  marked f o r  e v e r y  g rou ted  
s e c t i o n .  The m a j o r i t y  of t h e  g rou ted  s e c t i o n s  a r e  t o  be found i n  t h e  
p a r t s  o f  t h e  d r i f t s ,  where t h e  f i s s u r e  f r equency  i s  h i g h  and t h e  ground- 
wa te r  f low s t r o n g .  Desp i t e  o c c a s i o n a l  h i g h  q u a n t i t i e s  of  cement t h e  
s t i l l  l e a k i n g  p a r t s  o f t e n  have s t r o n g  wa te r  in f lows .  However, t h e r e  
a r e  some g r o u t e d  s e c t i o n s  i n  t h e  i n v e s t i g a t i o n  d r i f t  which do n o t  
correspond t o  wa te r  b e a r i n g  f i s s u r e s  o r  zones  (F ig .  2 ) .  Only t h e  
f i s s u r e s  and zones  which were l e a k i n g  a t  t h e  t ime o f  t h e  su rvey  a r e  
r e p r e s e n t e d  i n  F ig .  2 .  I f  on t h e  o t h e r  hand t h e  g rou ted  s e c t i o n s  
were compared t o  a  d e t a i l e d  drawing of  t h e  i n v e s t i g a t i o n  d r i f t ,  where 
a l l  i n f o r m a t i o n  i s  a v a i l a b l e ,  t h e  f o l l o w i n g  would appea r :  

i n  t h e  g rou ted  s e c t i o n s  t h e r e  were e s p e c i a l l y  v e r t i c a l  f i s s u r e s  
s  t r i c k i n g  abou t  N30-35OW 

i n  t h e  g rou ted  s e c t i o n  around 0/190 t h e r e  i s  a  zone abou t  2 m 
wide,  s t r i k i n g  N35OW. I n  t h i s  zone t h e  g r o u t i n g  cement can  be 
seen  a l o n g  t h e  p rev ious  open f i s s u r e s  

t h e  f i s s u r e s  s t i l l  l e a k i n g  w i t h i n  t h e  g rou ted  s e c t i o n s  had 
sma l l  l eakage  (v)  . 

The r e s u l t s  from the  g r o u t i n g  i n  t h e s e  s e c t i o n s  a r e  v e r y  good and show 
how t h e  v a r y i n g  g e o l o g i c a l  c o n d i t i o n s  a r e  impor tan t  t o  t h e  g r o u t i n g .  
To sum up, t h e  f o l l o w i n g  t y p i c a l  c a s e s  can be d i s t i n g u i s h e d :  

0 when t h e  f i s s u r e s  a r e  p a r a l l e l  t o  t h e  d r i f t  t h e  g r o u t i n g  r e s u l t s  
a r e  o f t e n  poor (F ig .  6a )  

when t h e  f i s s u r e s  a r e  p e r p e n d i c u l a r  t o  t h e  d r i f t  t h e  g r o u t i n g  
r e s u l t s  a r e  o f t e n  good (F ig .  6b ) .  

This  c l e a r l y  s t r e s s e s  t h e  need f o r  a  g r o u t i n g  method which i s  a d j u s t e d  
t o  t h e  r o c k  c o n d i t i o n ,  i f  t h e  ground-water i n f l o w  i s  t o  be r educed .  

SUMMARY OF THE GEOHYDROLOGICAL AND ROCK ENGINEERING 
CONDITIONS AROUND THE MINERALISATION ZONE 

An examina t ion  of  t h e  c o r e s  i n t e r s e c t i n g  t h e  o r e  m i n e r a l i s a t i o n  on 
d i f f e r e n t  l e v e l s ,  shows t h a t  t h e  rock  c o n d i t i o n s  a r e  d i r e c t l y  comparable 



to the conditions in the ore drifts. Thus the rock conditions along 
the ore mineralisation can be summarized as follows: 

the ore mineralisation occurs mainly in gneiss 

the ore mineralisation occurs as a slab along the schistosity, 
dipping steeply towards the south 

the ore mineralisation has taken place in a part of the bedrock 
with a high frequency of graphite veins. Thse veins are orientated 
along the schistosity 

the bedrock has a distinctly slaty-thin slaty cleavage along the 
schis tosi ty 

the frequency of fissures at an angle to the schistosity is 
negligible. 

Considering the high frequency of water bearing fissures, the ground- 
water conditions along the ore mineralisation are very important. It 
is estimated that the ore drifts are representative of other parts of 
the ore mineralisation, at least when it comes to the width opening of 
fissures. The change of ground-water pressure on different levels from 
the ore drifts are however, very essential. 

This study indicated that the strong ground-water flow combined with the 
high ground water pressure has been the main problem when driving the 
drifts. Since the water pressure is lower on higher levels the problems 
with Lhe water inflow will be reduced higher up in the ore mineralisation. 
The ground-water conditions in the ore mineralisation can be summed up 
as follows: 

high frequency of water bearing fissures 

in connection with the ore mineralisation the water flow is 
linked to fissures along the schistosity 

in the parts outside the ore mineralisation there are open water 
bearing fissures perpendicular to the schistosity 

on top of the bedrock surface there is a thick glacifluvial 
s:~nd ileposit 

this soil forms 3 large ground-water reservoir 

the conditions are good for a rapid infiltration from the soil 
into the bedrock 

Lhe natural ground-water level in the soil is level with the 
surface. 

The bedrock and ground-water situation around the ore mineralisation is 
shown in Fig. 7. 

D I S C U S S I O N S  AND CONCLUSIONS 

An appraisal of the present project indicates that no meaningful 
information with reference to Rock Engineering and hydrogeology have 



. 0 ' 0  0 ' , o '  

0 ',O/' 

f r o m  t h e  s o i l  
n 
w 0 

C 
Z 
0 

rn 
m 

D 

g r a p h i t e  and wcth m w 
open f ~ s s u r e s  w t th  (A vl 
s t r o n g  ground w a t e r  c 
f l o w  w 

m 

0 MPa 

g"Y 

0.6 MPa 

1.2 MPa 

F i g u r e  7 Bedrock and ground water c o n d i t i o n  ~ i round  ttic, 
o r e  m i n e r a l i s a t i o n  

been o b t a i n e d  p r i o r  t o  opening an  e x p l o r a t o r y  mine.  The existing 
t echn ique  o f  rock  mass c h a r a c t e r i z a t i o n  and t h e  s t u d y  o f  glas i f l r ~ v  i.11 
d e p o s i t  was i n a d e q u a t e .  I t  i s  s u g g e s t e d  t h a t  f o r  a  s u c c c s s f t ~ l  \ i t ( '  
i n v e s t i g a t i o n  and e v a l u a t i o n  t h e  f o l l o w i n g  approach shou ld  I~,lvc been 
adop ted :  

a  l a r g e  number of e x p l o r a t o r y  b o r e h o l e s  shou ld  have been d r i l l e d  
from t h e  s u r f a c e  p r i o r  t o  t h e  time of i n v i t a t i o n  o f  t e n d e r s  

b e t t e r  b o r e h o l e  l o g g i n g  and a n a l y s e s  t echn iques  shou ld  have been 
u s e d  i n  r e l a t i o n  t o  s o i l  p e n e t r a t i o n  t e s t s ,  c o r e  examina t ions  
and h y d r o g e o l o g i c a l  s t u d i e s .  

Th i s  app roach  would have a s s i s t e d  i n  i d e n t i f y i n g  t h e  ma jo r  g e o t e c h n i c a l  
problems a t  a n  e a r l y  s t a g e  o f  t h e  p r o j e c t .  



In order to assess the ground-water problems a series of hydro- 
geological tests should have been carried out in the exploratory 
boreholes to evaluate aquifer characteristics and to identify a 
range of water problems. 

The exploratory mine should have been developed only after the 
preliminary feasibility study proved encouraging. 




