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S i n c e a g e s man h a s been c o n s t r u c t i n g 
t u n n e l s f o r v a r i o u s p u r p o s e s . Today 
we . have ' a wide range- of equ ipmen t 
from . which we c h o o s e t h e t y p e t h a t 
we f i n d most s u i t a b l e c o n s i d e r i n g : 

- E x p e c t e d r o c k c o n d i t i o n s ' 
- S i z e of t u n n e l 

• - Leng th of t u n n e l 
' - Time a v a i l a b l e f o r • c o n s t r u c t i o n 

- A v a i l a b i l i t y of e x p e r i e n c e d l a b o u r 
e t c . ' ' 

. - The u s e of t h e t u n n e l 
- Cos t 

I n t h e e a r l y days o n l y v e r y p r i m i t i v e 
methods were u s e d and v e r y - s m a l l r e s o u r ­
c e s were a v a i l a b l e . ( F i g . 1) 

FIGURE 1• 

Today we have m a i n l y two major t y p e s 
of p r i n c i p l e s f o r e x c a v a t i o n of h a r d r o c k 
t u n n e l s : . 

- . d r i l l i n g ho les t o be charged with 
e x p l o s i v e s • .'• 

- r - . f u l l f a c e d r i l l i n g . 
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In Kotmale we have r e c e n t l y e x c a v a t e d 
15 km t u n n e l s and s h a f t s p l u s 45 ,000m 3 

of r o c k c a v e r n . The t u n n e l s have 
•been of v a r y i n g c r o s s s e c t i o n s . from 
6 .5 - 75m 2 . T h i s of c o u r s e r e q u i r e s 
t h a t v a r i o u s t y p e s of p l a n t , equ ipmen t 
and methods a r e u s e d f o r t h e e x c a v a t i o n . 

I n Kotmale f o r t h e t u n n e l e x c a v a t i o n s 
we have u sed t h e f i r s t method , i . e . 
d r i l l i n g h o l e s and u s i n g e x p l o s i v e s . 
However, a l l s h a f t s a t t h e P r o j e c t 
have been opened- by u s e of r a i s e b o r i n g 
e q u i p m e n t , which i s a t y p e of f u l l 
f a c e d r i l l i n g d e v e l o p e d f o r s h a f t 
e x c a v a t i o n . 

At t h e t i m e of t e n d e r and p l a n n i n g 
f o r t h e t u n n e l e x c a v a t i o n t h e C o n t r a c t o r 
n o r m a l l y h a s g e o l o g i c a l d a t a i n d i c a t i n g 
t h e p r e v a i l i n g rock c o n d i t i o n s t h r o u g h 
which t h e t u n n e l i s t o be e x c a v a t e d . 
The d e s i g n e r h a s a l s o d e c i d e d t o J what 
s i z e and shape t h e t u n n e l i s t o be 
e x c a v a t e d . C o n s i d e r i n g t h i s i n f o r m a t i o n 
t h e C o n t r a c t o r d e c i d e s how t h e t u n n e l 

" i s t o be e x c a v a t e d . .He w i l l have 
t o c l a r i f y t h e f o l l o w i n g : 

- How f a r from t h e t u n n e l p o r t a l 
' i s t h e dumping a r e a 

- I f i t i s a l ong t u n n e l , what 
a d v a n t a g e s and d i s a d v a n t a g e s 
a r e t h e r e i n c o n s t r u c t i n g an 
e x t r a a d i t t o . c r e a t e f u r t h e r 
work ing f r o n t s 

- W h a t • t y p e of p l a n t i s i t . p o s s i b l e 
t o u s e i n t h e t u n n e l c o n s i d e r i n g 
i t s s i z e and t h e r o c k c o n d i t i o n s . 

- I s t h e . t u n n e l a r e a s u i t a b l e 
f o r o n l y g a l l e r y e x c a v a t i o n 
o r i s g a l l e r y p l u s bench 
p r e f e r a b l e . 

In a long f a i r l y s m a l l t u n n e l t h e " 
f u l l f a c e r c o u l d ' p r o v e a d v a n t a g e o u s . 
The r a t e of p r o g r e s s be tween d o u b l e -
f ron t , , s i n g l e - f r o n t and f u l l f a c e r 
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e x c a v a t i o n f o r v a r i o u s c r o s s s e c t i o n s 
i s compared i n F i g u r e 2 . 
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FIGURE 2 

Using a f u l l f a c e d r i l l i n g method 
you a l s o o b t a i n o t h e r e f f e c t s l i k e -

- smoother r o c k s u r f a c e 
- l e s s d i s t u r b e d r o c k w a l l s 
- p o s s i b l y l e s s r o c k s u p p o r t 
- l e s s o v e r b r e a k 

I f you choose a c o n v e n t i o n a l e x c a v a t i o n 
method by u s i n g e x p l o s i v e s i n d r i l l ­
h o l e s i t h a s t o be d e c i d e d w h e t h e r 
t h e h o l e s a r e t o be d r i l l e d by hand 
o r by t h e u s e of a mechan i sed d r i l l 
r i g . Once t h i s i s done t h e number 
of h o l e s i n e a c h r o u n d , d r i l l p a t t e r n , 
t y p e of c u t t o open up t h e round e t c . , 
a r e e s t a b l i s h e d . The number of h o l e s 
depends on t h e c r o s s - s e c t i o n of t h e 
t u n n e l a s w e l l a s t h e d i a m e t e r of 
t h e h o l e s . See F i g . 3 . 

By u s i n g a d r i l l jumbo, l a r g e r h o l e s 
can be d r i l l e d t h e r e b y r e d u c i n g t h e 
number of h o l e s . The t u n n e l s i n Kotmale 
have been d r i l l e d b o t h by hand and 
by d r i l l j umbos . The D i v e r s i o n T u n n e l s 
h a v i n g a c r o s s - s e c t i o n of 75m 2 have 
been e x c a v a t e d f i r s t a s a g a l l e r y 
w i t h a 40m 2 s e c t i o n and l a t e r On t h e 
s e c t i o n h a s been e n l a r g e d by e x c a v a t i n g 
a f u r t h e r bench of 35m 2 . T h i s p r o c e d u r e 
i s u s u a l l y chosen when t h e s i z e of 
t h e t u n n e l c r o s s s e c t i o n i s s u c h t h a t 
t h e a v a i l a b l e d r i l l equ ipment c a n n o t 
r e a c h t h e f u l l f a c e t o be e x c a v a t e d . 
Another f a c t o r c o u l d be t h a t f u l l 
f a c e would r e q u i r e a l a r g e v a r i e t y 

of i g n i t i o n p a t r o n s g i v i n g . d i f f e r e n t 
d e l a y s of t h e e x p l o s i o n n o t t o c a u s e 
e x c e s s i v e o v e r l a p of t h e p r e s s u r e 
wave c r e a t e d by t h e b l a s t i n g . I t s h o u l d 
a l s o be p o i n t e d o u t t h a t t h e r e e x i s t 
d i f f e r e n t t y p e s of i g n i t i o n s y s t e m s : 

- Fuse and d e t o n a t o r 
- E l e c t r i c a l i g n i t i o n 
- D e t o n a t i n g Cord 

The f u s e i s nowadays u s e d v e r y r a r e l y 
and o n l y i n ' s m a l l b l a s t s where e l e c t r i c a l 
i g n i t i o n i s n o t p o s s i b l e . ' The e l e c t r i c a l 
i g n i t i o n i s t h e most commonly used 
sys tem t o d a y . T h i s s y s t e m h a s , however , 
some d i s a d v a n t a g e s such a s : 

- p o s s i b l e f a i l u r e i n wet c o n d i t i o n s 
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- p o s s i b l y . . . . e £ £ e c t e e t . by t h u n d e r 
s t o r m s 

To overcome t h e s e p r o b l e m s t h e d e t o n a t i n g 
c o r d , N o n e l , was d e v e l o p e d . The c o n ­
n e c t o r , which i s an e l e c t r i c a l d e t o n a t o r , 
i s t h e o n l y u n i t a f f e c t e d by e l e c t r i c i t y 
and w a t e r . T h i s means a r e d u c e d r i s k 
f o r a m i s s f i r e d u r i n g c h a r g i n g c a u s e d 
by e l e c t r i c a l i g n i t i o n . For t h e u n d e r ­
g round e x c a v a t i o n i n Kotmale t h i s 
Nonel d e t o n a t o r h a s m a i n l y been u s e d 
w i t h a v e r y good r e s u l t . 

Once t h e round i n t h e t u n n e l has been 
f i r e d and t h e b l a s t fumes have been 
v e n t i l a t e d away t h e n e x t p h a s e i n 
t h e c y c l e , t h e muck ing , s t a r t s . The 
two major methods f o r mucking a r e : 

- r a i l mounted equ ipmen t 
- r u b b e r whee l equ ipmen t 

The r a i l mounted equ ipmen t i s f i x e d 
t o t h e t u n n e l and can u s u a l l y n o t 
be u s e d f o r o t h e r work e l s e w h e r e f o r 
s h o r t e r p e r i o d s . F u r t h e r m o r e , t u n n e l s 
somet imes have a . g r a d i e n t up t o 1:7 
e i t h e r down o r up and i t i s n o t p o s s i b l e 
t o u s e r a i l mounted equ ipmen t on s u c h 
s t e e p s l o p e s . I f i t n e v e r t h e l e s s 
i s deemed p r e f e r a b l e t o u s e t h i s t y p e 
of p l a n t , a l o a d i n g s t a t i o n h a s t o 
be p r e p a r e d i n s i d e t h e t u n n e l and 
more s u i t a b l e p l a n t w i l l have t o b r i n g 
t h e muck from t h e l o a d i n g s t a t i o n . 
For s m a l l t o medium s i z e t u n n e l s , 
up t o a b o u t 40m 2 , equ ipmen t on r a i l 
i s o f t e n u s e d f o r r e a s o n s l i k e -

- a d d i t i o n a l n i c h e s f o r l o a d i n g , 
t u r n i n g e t c . , a r e n o t r e q u i r e d 

- t h e p o s s i b i l i t y of h a v i n g e l e c t r i ­
c a l l y o p e r a t e d equ ipmen t r e d u c i n g 
t h e o f t e n v e r y e x t e n s i v e c o s t 
f o r v e n t i l a t i o n of t h e t u n n e l . 

The s e v e n , k i l o m e t e r l o n g Low P r e s s u r e 
Tunne l a t Kotmale h a s been e x c a v a t e d 
b o t h from t h e I n t a k e u p s t r e a m and 
from a c o n s t r u c t i o n a d i t downs t r eam. 
4 , 2 0 0 m t u n n e l was e x c a v a t e d from 
t h e u p s t r e a m w i t h r a i l mounted equ ipmen t 
and 2300 m 'from t h e downst ream was 
e x c a v a t e d by r u b b e r wheel e q u i p m e n t . 
From t h e I n t a k e one 1,500 mm v e n t i l a t i o n 

t u b e was u sed and a t o t a l of t h r e e 
f a n s a l o n g t h e l i n e were r e q u i r e d . 
The r u b b e r wheel t u n n e l r e q u i r e d two 
1,500 mm t u b e s and s i x f a n s a l o n g 
t h e l i n e a l t h o u g h i t was o n l y h a l f 
t h e l e n g t h . 

I n l a r g e r t u n n e l s r u b b e r wheel equ ipmen t 
of some k ind i s n o r m a l l y u s e d and 
f o r t h e D i v e r s i o n t u n n e l s i n Kotmale 
h a v i n g a w i d t h of 9 . 2 m we u s e d a 
Cat 988 f o r l o a d i n g and Volvo Dumpers 
f o r h a u l i n g . The d e c i s i o n on t y p e 
of equ ipment t h a t f i n a l l y i s c h o s e n 
somet imes depends on t h e p o s s i b i l i t y 
of a l t e r n a t i v e p r o d u c t i o n d u r i n g non 
mucking h o u r s . 

On c o m p l e t i o n of. mucking of a round ' 
i n t h e t u n n e l , i t i s i n s p e c t e d by 
t h e Foreman a n d / o r o t h e r S u p e r v i s o r . 

.Sometimes s u p p o r t h a s t o be a p p l i e d 
b e f o r e t h e mucking s t a r t s . I f a r t i f i c i a l 
s u p p o r t i s r e q u i r e d t h e d e c i s i o n h a s 
t o be made a t t h e t u n n e l f a c e what 
t y p e of s u p p o r t i s t o be u s e d . Sometimes 
a c o m b i n a t i o n of v a r i o u s s u p p o r t m e a s u r e s 
has t o be c o n s i d e r e d . The t e c h n i q u e s 
n o r m a l l y u sed a r e -

- s h o t c r e t e 
- r o c k b o l t s 
- p r e g r o u t i n g 
- s t e e l a r c h e s 

The f r e q u e n c y t o which t h e v a r i o u s 
methods a r e u s e d i n c h a n g i n g somewhat 
a round t h e w o r l d , b u t i s t g e n e r a l l y 
s i m i l a r . In S c a n d i n a v i a f o r i n s t a n c e 
we r e g a r d s h o t c r e t e t o be a v e r y u s e f u l 
s u p p o r t method and. i n o t h e r c o u n t r i e s 
s t e e l a r c h e s w i t h b a c k f i l l c o n c r e t e 
migh t be p r e f e r r e d . However, i t i s 
t h e q u a l i t y of t h e r o c k t h a t w i l l 
be t h e b a s e f o r t h e d e c i s i o n which 
t y p e of s u p p o r t i s c h o s e n b u t i t i s 
n o t a l w a y s p o s s i b l e t o s t a t e t h a t 
t h i s o r t h a t method i s c o r r e c t f o r 
a c e r t a i n t y p e of r o c k . D i f f e r e n t 
methods mig'ht s e r v e t h e same p u r p o s e . 

The p r i n c i p l e f o r r o c k s u p p o r t i s 
e i t h e r t o t i e t h e l o o s e p a r t s t o more 
s o l i d r o c k masses o r t o i n c l u d e t h e 
l o o s e r o c k m a t e r i a l i n t h e c o n s t r u c t i o n 
of an a r c h which w i l l be s e l f s u p p o r t i n g . 

46 ' E n g i n e e r ' , S e p t e m b e r , 1 9 8 5 



The most commonly u s e d method^ i s t o 
i n s t a l l l ong s t e e l b a r s i n t o h o l e s 
d r i l l e d i n t o t h e r o c k and by t h i s 
t i e t h e rock t o g e t h e r . The - t y p e of 
r o c k b o l t s can be c l a s s i f i e d i n t o m a i n l y 
two g r o u p s . 

- t e n s i o n e d b o l t s 
- u n t e n s i o n e d b o l t s . 

Tens ioned b o l t s a r e , when i n s t a l l e d 
i n t h e h o l e , f i x e d a t t h e bo t tom of 
t h e h o l e and t h e n t e n s i o n e d to- t h e . 
l o a d s p e c i f i e d . By t h i s t h e f r i c t i o n 
i n t h e c r a c k s and f i s s u r e s i s i m m e d i a t e l y 
i n c r e a s e d which w i l l p r e v e n t f u r t h e r 
movements i n t h e r o c k . The a n c h o r a g e 
i n t h e h o l e can be a c h i e v e d by e x p a n d e r s , 
wedges o r by g r o u t i n g u s i n g e i t h e r 
cement o r e p o x y . The t e n s i o n i n g i s 
ma in ly c r e a t e d by a n u t a t t h e t h r e a d e d 
end of t h e r o c k b o l t . The t e n s i o n e d 
b o l t i s somet imes g r o u t e d in, i t s f u l l 
l e n g t h . 

Un tens ioned b o l t s a r e g r o u t e d t o t h e i r 
f u l l l e n g t h and . a re i n t h e i n i t i a l 
s t a g e w i t h o u t l o a d . By a p o s s i b l e 
movement of t h e r o c k , a c o r r e c t l y 
i n s t a l l e d dowel w i l l t a k e an i n c r e a s e d 
l o a d a t t h e i n c r e a s e d movement. The 
cement g r o u t i s i n s e r t e d by v a r i o u s 
m e t h o d s . One commonly u sed method 
i s t h e P e r f o me thod . A p e r f o r a t e d 
t u b e s p l i t up l e n g t h w i s e i n t o two 
h a l v e s i s f i l l e d w i t h cement m o r t a r 
and t i e d t o g e t h e r t o ' form a f u l l y 
g r o u t e d t u b e . T h i s t u b e i s i n s t a l l e d 
i n t h e d r i l l h o l e . Immed ia t e ly a f t e r ­
wards t h e b o l t i s d r i v e n i n t o t h i s 
p e r f o r a t e d t u b e and t h e cement m o r t a r 
t h e r e b y f i l l s up t h e h o l e c o m p l e t e l y . 
(See F i g u r e 4 )| 

In o t h e r methods t h e b o l t i s i n s e r t e d 
i n t o t h e h o l e and cement m o r t a r i s 
t h e r e a f t e r pumped v i a s m a l l h o s e s 
i n t o t h e h o l e t o i t s f u l l vo lume . 
S p e c i a l c a r e i s n e c e s s a r y when t h e 
h o l e s a r e p o i n t i n g u p w a r d s . In h o l e s 
p o i n t i n g downwards t h e cement m o r t a r 
i s sometimes .only pou red i n t o t h e 
h o l e b e f o r e t h e b o l t i s i n s e r t e d . 

The " S w e l l b o l t " ( s e e F i g u r e 5) i s 
a r e c e n t l y - d e v e l o p e d ' b o l t m a i n l y i n t e n d e d 

a) 

0 
Figure - 5 

i 
f o r d r i l l h o l e s l e s s t h a n 32 mm. I t 
c o n s i s t s i n p r i n c i p l e of a s t e e l p i p e 
which h a s been deformed t o a s m a l l e r 
d i a m e t e r . When t h i s b o l t h a s been 
p l a c e d i n t o t h e h o l e , w a t e r o r a i r 
i s pumped i n t o t h e b o l t which w i l l 
t h e n expand t h r o u g h o u t i t s f u l l l e n g t h 
t o . c o m p l e t e l y f i l l t h e d r i l l h o l e . 
Th i s i s a s i m p l e and v e r y q u i c k method 
and h a s been a b i g s u c c e s s i n t h e 
Swedish m i n e s . 

S h o t c r e t e can be a p p l i e d u s i n g 
e i t h e r -

- wet s p r a y i n g 
- d r y mix . 
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The wet s p r a y i n g , u s u a l l y c a l l e d g u n i -
t ing , . . i s by u s e of a c o m p l e t e c o n c r e t e 
mix s p r a y e d u n d e n h i g h p r e s s u r e . For 
t h e d r y mix s h o ' t c r e t e t h e w a t e r i s 
added t o t h e d r y mix "at t h e n o z z l e . 
T h i s of c o u r s e r e q u i r e s an e x p e r i e n c e d 
o p e r a t o r t o g e t a good r e s u l t . The 
e f f e c t s from t h e s e two methods a r e , 
however , v e r y s i m i l a r . Even a t h i n 
l a y e r of ' s h o t c r e t e h a s a c o n s i d e r a b l e 
c a p a c i t y of p r e v e n t i n g r o c k f a l l s . 
I t can be t h e o r e t i c a l l y . p r o v e d t h a t 
a 30 mm l a y e r of s h o t c r e t e can c a r r y 
a l o a d of 12 t o n s / m 2 p r o v i d e d good 
bond w i t h t h e r o c k i s a c h i e v e d . I t 
h a s a l s o been d e m o n s t r a t e d i n s e v e r a l 
a r t i c l e s and i t h a s been c l e a r l y demons­
t r a t e d i n p r a c t i c e t h a t a s h o t c r e t e 
l i n i n g w i t h minor d e v i a t i o n from a 
t h e o r e t i c a l a r c h a l s o p r o v i d e s a h i g h l y 
e f f i c i e n t s u p p o r t . A t h i n s h o t c r e t e 
l a y e r , a mere s k i n , i m m e d i a t e l y a f t e r 
b l a s t i n g can t r a n s f o r m a r o c k of minor 
s t r e n g t h i n t o a s t a b l e m a s s . The 
s h o t c r e t e l i n i n g d o e s n o t g e n e r a l l y 
s u p p o r t l o a d s by t r a n s f e r r i n g them 
t o , t h e t u n n e l f l o o r a s s t e e l r i b s 
d o ; i t h e l p s t h e rock t o c a r r y i t s e l f . 

S k a n s k a , o r r a t h e r a s u b s i d i a r y S t a b i -
l a t o r , h a s d e v e l o p e d a r e m o t e c o n t r o l l e d 
s h o t c r e t e equ ipmen t c a l l e d t h e Robot . 
They a l s o d e v e l o p e d .a mix ing u n i t 
f o r b r i n g i n g t h e c o n c r e t e a g g r e g a t e 
and cement t o t h e l o c a t i o n t o be s h o t -
c r e t e d . By t h e T r i x e r - R o b o t s y s t e m , 

which i s u s u a l l y l o r r y mounted , i t 
i s p o s s i b l e t o have f r e s h m a t e r i a l 
f o r s h o t c r e t i n g a s w e l l a s t h e equ ipmen t 
p r e p a r e d a t a l l t i m e s and when r e q u i r e d 
you c a n , w i t h i n m i n u t e s , have t h e 
f a c i l i t i e s b r o u g h t i n t o t h e t u n n e l . 
When .very poor rock c o n d i t i o n s have 
been e n c o u n t e r e d , t h e u s e of t h e Robot 
p r o d u c e s f u r t h e r a d v a n t a g e s . ( s e e 
F i g u r e 6 ) . 

- s p r a y i n g can be pe r fo rmed above 
t h e muck p i l e b e f o r e mucking 
i s c a r r i e d o u t . 

- t h e o p e r a t o r s t a y s away from 
t h e dange r a r e a 

- t h e o p e r a t o r i s n o t p h y s i c a l l y 
t i r e d from c a r r y i n g t h e n o z z l e 
h i m s e l f . 

T h i s s h o t c r e t i n g sys tem h a s been u sed 
w i t h g r e a t s u c c e s s i n Kotmale and 
we have b o t h l o r r y mounted and r a i l 
mounted Robots and T r i x e r s . 

S h o t c r e t e i s , l i k e r o c k b o l t s , n o t 
o n l y u sed f o r t e m p o r a r y s u p p o r t b u t 
a l s o f o r pe rmanent s u p p o r t , and a s 
such i t has been s p r a y e d i n t h e roof 
of t h e Machine Chamber and Surge i n 
Kotmale and a l s o i n v a r i o u s a c c e s s 
t u n n e l s . 

I f , dur ing- t h e t u n n e l l i n g , f r a c t u r e d 
rock w i t h • heavy w a t e r f low i s e n c o u n ­
t e r e d , p r e g r o u t i n g i s a w i d e l y a c c e p t e d 
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s u p p o r t m e a s u r e . I n t h e Low P r e s s u r e 
Tunnel a s w e l l a s t h e G r o u t i n g G a l l e r y 
t h i s method h a s been u s e d . We have ' 
t h e n d r i l l e d 18 m l o n g h o l e s i n t h e 
s u r r o u n d s of t h e t u n n e l , w a l l s , a r c h 
and bo t tom, t o f i l l t h e c r a c k s , f i s s u r e s 
e t c w i t h ' c e m e n t m o r t a r t o c o n s o l i d a t e 
t h e r o c k • and t h e r e b y r e d u c e t h e w a t e r 
i n f l o w . Once t h e w a t e r i n f l o w has 
has been s t o p p e d , i t i s i m p o r t a n t 
t h a t t h e t u n n e l i s n o t advanced t h r o u g h 
t h e p r e g r o u t e d a r e a w i t h o u t i n v e s t i g a t i n g 
v i a p i l o t h o l e s t o make s u r e t h a t 
f u r t h e r w a t e r c a n n o t be e x p e c t e d . 
I f t h e r e a r e r e a s o n s t o . b e l i e v e t h a t 
t h e w a t e r b e a r i n g s e c t i o n i s c o n t i n u i n g , 
t h e p r e g r o u t i n g s h o u l d a lways be e x t e n d e d 
t o a minimum of 6 m ahead of t h e f a c e . 
T h i s means d r i l l i n g and g r o u t i n g 18m 
ahead of t h e f a c e , a d v a n c i n g t h e 
t u n n e l f a c e 12 m, and r e p e a t i n g 
t h e p r o c e d u r e i f r e q u i r e d . By t h i s 
t h e long t e r m s t a b i l i t y of t h e t u n n e l 
i s a l s o improved . The re i s a lways 
a r i s k t h a t t n e .water w i l i t r a n s p o r t 

some m a t e r i a l from t h e r o c k mass and 
by t h i s c r e a t e t h e p o s s i b i l i t y f o r 
i n i t i a l movements i n t h e r o c k i n d u c i n g 
an i n c r e a s e d r o c k f a l l o r p o s s i b l e 
c o l l a p s e of t h e . t u n n e l . 

The u s e of s t e e l a r c h e s i s an o f t e n 
p r e f e r r e d method, e s p e c i a l l y t o form 
a t u n n e l p o r t a l o r when a c o l l a p s e 
of t h e t u n n e l h a s o c c u r r e d . The Low 
P r e s s u r e Tunnel i n Kotmale h a s been 
s u p p o r t e d ove r a s h o r t l e n g t h by s t e e l 
a r c h e s . J u s t b e f o r e t h e t u n n e l l i n g 
was c o m p l e t e d , . t h a t i s b e f o r e t h e 
b r e a k t h r o u g h , a f a u l t zone of a b o u t 
15 m w i d t h c a u s e d • a r o c k f a l l i n t h e 
t u n n e l . By u s e of s t e e l a r c h e s b a c k ­
f i l l e d by pumped c o n c r e t e and f u r t h e r 
c a r e f u l b l a s t i n g , t h i s s e c t i o n was 
s u c c e s s f u l l y p a s s e d d u r i n g a p e r i o d 
of a b o u t two w e e k s . 

The t u n n e l l i n g works a t Kotmale have 
been s u c c e s s f u l l y c o m p l e t e d . 
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