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ABSTRACT 

Over 80% c o a l  r e s e r v e  of Bihar  c o a l f i e l d  and s u b s t a n t i a l  p o r t i o n  of 
Ranigunj c o a l f i e l d  of I n d i a  i s  w i t h i n  Damodar r i v e r  b a s i n .  
Mahanadi - brahmani b a s i n  i s  t h e  c o a l  r e sou rce  of O r i s s a  r eg ion .  To ta l  
c o a l  of Nagpur a r e a  i s  under t h e  HFL of Kanhan r i v e r .  The methods of 
mining t h i c k  seams under t h e s e  wa te r  bod ie s  and depth  cover  of 50 m t o  
500 m r e q u i r e d  p l ann ing  such t h a t  t h i c k  s t r a t a  band i n  between t h e  
subs id ing  mass and t h e  f l o o r  of t h e  wa te r  body remained f r e e  from 
t e n s i l e  s t r a i n ,  c r a c k s ,  bed s e p a r a t i o n  o r  open j o i n t s .  For t h e s e  
s t u d i e s ,  t h e  h igh  f l o o d  l e v e l  of r i v e r s  was taken a s  c a t a s t r o p h i c  
danger  i n  view of t h e i r  p e r e n n i a l  water  r e sou rce .  

With a view t o  evo lv ing  s u i t a b l e  mining geometry under Ind i an  geo- 
mining c o n d i t i o n s ,  an  i n d i r e c t  t e chn ique  - Equivalent  M a t e r i a l  Mine 
Modell ing was used .  The s t u d i e s  conducted under i d e a l i s e d  l a b o r a t o r y  
c o n d i t i o n  covered  t h e  scope of mining 7 m t h i c k  seam under r i v e r  Damodar 
a t  Sudamdih I n c l i n e  mine, 2-4 m t h i c k  seam under Damodar a t  Chinakur i  
and S e e t a l p u r  mines,  3 m t h i c k  seam under HFL of r i v e r  Brahmani a t  
Deulbera,  and 5 seams of 40 m t o t a l  t h i c k n e s s  under Kanhan r i v e r  High 
Flood Level (HFL) a t  Kamptee c o l l i e r y .  The problem of mining d i f f e r e n t  
seams of Sudamdih, Chasnal la  and Chapui Khas underneath  subsu r f ace  
wa te r  was a l s o  s t u d i e d  i n  models.  I nd i an  c o a l  measure format ion  
con t a ined  a n  ave rage  60-80% medium g ra ined  ca l ca reous / a r enaceous  
b r i t t l e  sands tone  which developed open c r a c k s  when t h e  s t r a i n  exceeded 
5 mm/m. It was, t h e r e f o r e ,  e s s e n t i a l  t o  d e v i s e  mining methods/goaf 
t r ea tmen t  s o  t h a t  t h e  s u r f a c e  subs idence  and s t r a i n  remained w i t h i n  
t h e  s a f e  l i m i t .  

INTRODUCTION 

Ind i an  c o a l  mining i n d u s t r y  i s  s i eged  w i t h  f l o o d i n g  problems s i n c e  l a s t  
50 y e a r s  mainly because  of accumula t ion  of wa te r  i n  o l d  abandoned o r  
e x i s t i n g  mines.  The f l o o d i n g  d i s a s t e r  of Newton C h i c k l i  mine occu r r ed  
i n  1954 k i l l i n g  62 pe r sons  wh i l e  t h e  t o l l  of Chasnal la  c o l l i e r y  c r a s h  of 
1975 was 375. A s i m i l a r  a c c i d e n t  fo l lowed a t  H u r r i l l a d i h ,  l a t e  i n  1983, 



k i l l i n g  19 pe r sons .  So f a r  most of t h e  a c c i d e n t a l  f l o o d i n g s  occu r r ed  
due t o  unknown p o s i t i o n  of abandoned o r  e x i s t i n g  wa te r  b o d i e s   able 1 )  
and t h a t  t oo  when t h e  workings reached w i t h i n  4 m t o  t h e  wa te r  b o d i e s ;  
w i t h i n  t h e  same seam. 

The f l o o d i n g  d i s a s t e r  of Chasnal la  r evea l ed  t h e  h e l p l e s s n e s s  of t h e  
e x p e r t s  and inadequacy of t h e  e x i s t i n g  s a f e t y  measures.  Th i s  problem 
was under con t inuous  obse rva t i on  f o r  a  pe r iod  of 2 y e a r s  b e f o r e  t h e  
c r a s h ,  i n  a d d i t i o n ,  t o  bo reho le s  i n  advance of  development head ings  and 
l a b o r a t o r y  model i n v e s t i g a t i o n s .  The back-analys is  of S i lewara  mine and 
H u r r i l l a d i h  mine d i s a s t e r  was a l s o  under taken t o  i d e n t i f y  t h e  r ea son  of 
t h e  a c c i d e n t s  . 

Table  1  - Innundat ion  D i s a s t e r  i n  Ind i an  Mines 

-- --.-- 

Mine 1 y e 7  sou rce  

Underground accumula t i sn  
of wa te r  

1 .  Newton C h i c k l i  ( M . P . )  1954 Old workings I I 
2 .  C e n t r a l  Bhowrah 

( & a r i a )  

3 .  Damua mine (M.P . ) 
4 .  Karanpura mine 1 1970 1 Old workings 

(B iha r )  

5.  S i lewara  mine 
( ~ a g p u r )  

1 1975 , CIld workings 

6 .  Chasnall:. mine 1 1975 / Old workings 
, ( J h a r i a j  

7.  H u r r F ~ k a d i h  mine 
( , Jhar ia)  

1 1981 1 Old workings 

I SuxLace wa te r  bodies  i I 
I 

1 .  Buradherno mine 
I [Raniguuj)  

2 .  Cen t r a l  Sounda mine 
I ( N .  Karnapura) 

Casua l ty  

The prohlern of C h a ~ n a l l a  bra t e r  h a z a r d  wnF s11R ~ C C  ted  t7 l ietai  l ed  under-  
ground and l a b o r a t o r y  i n v e s t i g a t i o n s  an t h e  b a s i s  of r epor t ed  68 m 
t h i c k  p a r ~ i z a g  between tile e x p ~ r i m e n t a l  v a n e l  J,CE of. t h e  $,hakt m i ~ c  and 
t h e  dee:ws t known dcvrLoped water1 ogged hoa i zon  I, of I7.c b l nc  J mine. 
T ' h t  seam L i ?  m t h i ck  was worked by h o r i z o n t a l  s l i c i n g  i n  , -onjunct ion  w i t h  
s towing.  Three s l i c e s  were worked i n  ascerrdi:ig c rde r ,  k.reeping r;hc water 



seepage, seam s l i d i n g  and movement of coa l  mass under continuous 
observat ion.  Borehole extensometers were i n s t a l l e d  in  t h e  obse rva t ion  
chimney along t h e  f i f t h  horizon with  anchors 1.5, 3.0 and 4.5 m a p a r t .  
A t  no s t age  en-masse a c t i v e  movement was no t i ced  except  l o c a l  f a l l s  
along t h e  hanging wal l  and a s tone  dyke. 

The model s tudy revealed major roof f a l l  a f t e r  4 s l i c e  workings i n  
ascending o rde r .  A crack normal t o  bedding plane t r ave r sed  t h e  coa l  
seam nea r ly  up t o  23 m he igh t  from t h e  working hor izon ( ~ i g . 1 ) .  It 
reached up t o  25 m he igh t  under t h e  in f luence  of 70 m equivalent  water 
head. The thickness  of s o l i d  b a r r i e r  i n  between t h e  water body and t h e  
working s l i c e  was recommended t o  be  50 m with a s a f e t y  f a c t o r  of 2.  A s  
such it was decided t o  e x t r a c t  18 m of t h e  b a r r i e r  coa l  i n  conjunct ion 
wi th  stowing. The LCE panel of mine was under e x t r a c t i o n  on t h e  b a s i s  
of t h i s  f i n d i n g  with a l l  p o s s i b l e  precaut ions .  

Fig.1. S t r a t a  m o ~ e m e n ~  due t o  hor i zon ta l  s l i c i n g  a t  Chasnalla 

The crash occurred i n  unexpected western p a r t  of t h e  mine during 
dr ivage of a connection between hanging wal l  and foo t  wal l  l a t e r a l s .  
On t h e  c rash  s i t e ,  t he  ex ten t  of o ld  development heading reached a s  
c l o s e  a s  4 m which f a i l e d  with a round of b l a s t i n g  t o  cause d i s a s t e r .  

The record of o the r  acc iden t s  were not  much d i f f e r e n t  when many of t h e  
recent  pas t  developments were allowed t o  contain  water and t h e  subsequent 
developments reached a s  c lose  a s  1 metre.  The thickness  of r i b  i n  case  
of Silewara mine between the  drainage g a l l e r y  of longwall f a c e  and i ts  
lower development was only 0.60 m which f a i l e d  t o  cause innundation of 
d ip  g a l l e r i e s .  The mine workings were s t a r t e d  p a s t  10 years  back, 
remained under the  same management and only 6 -5 x lo6 1 of water 
inrushed t o  k i l l  10 persons. 



M I N I N G  UNDER SURFACE WATER 

With t h e  dep le t ion  of s a f e  l easeho ld ,  the  workings a r e  being extended 
underneath HFL of r i v e r s  in  a l l  c o a l f i e l d s  ( ~ i ~ . 2 ) .  Ex t rac t ion  of lower 
seams under r i v e r  Damodar was done i n  Ranigunj c o a l f i e l d  i n  the  p a s t ,  
mainly with stowing and subsequently e f f o r t s  were made t o  cave lower o r  
upper seams. Extensive coa l  r e se rve  of North Karanpura, West Bokaro, 
Ramgarh and J h a r i a  c o a l f i e l d s  was s t e r i l i s e d  under the  same r i v e r  
Damodar, comparatively under shallow depth cover .  Huge coa l  r e se rve  of 
Maharashtra and Andhra Pradesh was locked under P ranh i t a ,  Godavari 
r i v e r s  and t r i b u t a r i e s .  Madhya Pradesh c o a l f i e l d s  faced t h e  water 
problem due t o  Hansdeo, Narmada r i v e r s  and t r i b u t a r i e s .  Brahmani r i v e r  
contained s u b s t a n t i a l  po r t ion  of Orissa  coa l  r e se rve  under shallow 
depth cover .  

F ig .2 .  Pa r t  map of India  showing r i v e r  coa l  bas ins  

RESEARCH FOR M I N I N G  NEAR WATER HAZARDS 

I n v e s t i g a t i o n s  were undertaken dur ing t h e  l a s t  15 yea r s  t o  develop 
methods of mining and s a f e t y  norms aga ins t  water hazards of d i f f e r e n t  
n a t u r e .  I n  these  researches  t h e  geo-mechanical p r o p e r t i e s  of the  
format ion,  geometry of t h e  workings and equivalent  ma te r i a l  model 
s t u d i e s  were undertaken. The d e t a i l s  of these  s t u d i e s  a r e  summarised 
i n  Table 2 .  The danger from sur face  water bodies  while mining under- 
nea th  was comparatively b e t t e r  def ined with  minimum u n c e r t a i n t i e s .  In  
view of d e f i n i t e  working horizon and physico=-mechanical proper ty  of t h e  
in te rven ing  format ion it was p o s s i b l e  t o  de f ine  norms f o r  underwinning 
water bodies .  The i n v e s t i g a t i o n  covered mining of coal. underneath 
r i v e r s ,  HFL of r i v e r s  and r i v u l e t s  wi th in  60-200 rn t h i ck  pa r t ings .  
Depending upon t h e  rock mass p r o p e r t i e s ,  scope of goaf treatment and 
th ickness  of p a r t i n g ;  p a r t i a l  extract i -on,  narrow pancl t o  longwall 
caving and harmonic mining dere  recomended. 



Table  2 .  Method of mining underneath  water  bod ie s  

Method recommended/ 
Mine adopted 

-- - 

Surface  Water bod ie s  

Si lewara  

Sodnmdih I , Jhar ia  1 65  e 

I n d e r  

Deulbera 

,'ClfnakurX 

-11rakachar 

Kamptee 

See t a lpu r  

Bhamor i 

I 
Ranigrrnj 

Korba 

Nagpur 

Nagpur 

O r i s s a  

Ranigun j 

Pench 
Val1 ey 

Sub-surface Water bodies  

HF'L of Kanhan 

HFL of Damodar 

River  Damodar 

IiFL of Ahiram 

IIFL of Kanhan 

YFL of Brahmarli 

HFL of Brahmani 
HPL of Brahmani 

HFL of Brahmani 

River  Damodar 

Longwall wi th  stowing 

Wide s t a l l  w i th  stowing 

Narrow panel  caving  

Narrow panel  caving  

Harmonic mining - stowing 

Harmonic mining 

Bord and p i l l a r  
Bord and p i l l a r  

( c o n t r o l l e d  s i z e )  
No mining 

Narrow panel  caving  

S p l i t t i n g  of p i l l a r s  

1 Chapui KhaslRanigunJ 140 rn I Upper seam o ld  Narrow panel  - caving 1 Chasna1I.a J h a r i a  1 m 1 S a ~ r ~ ~ ~ ~ o l d  1 - 
workings 

* Depth of topmost workable seam 

LINE OF APPROACH 

Coal measure format ion  :- The c o a l  measure format ion  underneath  r i v e r  
Damodar, Godavari-Pranhita,  Narmada-Kanhan, Pench e t c .  was Barakar o r  
Ranigunj of  Gondwana S e r i e s .  Over 70% of t h e  format ion  was sands tone ,  
t h e  s h a r e  of which sometimes i nc rea sed  t o  90%. The s h a l e  pe rcen t age  
v a r i e d  from 10-30%, t h e  h ighe r  be ing  i n  Kamptee's of Maharashtra coa l -  
f i e l d .  The ma t r i x  i n  sands tone  was q u a r t z /  f e l d s p a r  g r a i n  w i th  c a l c a r e o u s  
o r  a renaceous  b inde r .  It showed low s o f t e n i n g  e f f e c t  on s a t u r a t i o n ,  
h i g h  b r i t t l e n e s s  (wi th  oe /a t  r a t i o  up t o  20) and c o a r s e  g r a i n  s i z e .  The 
c l a y s  of Kamptee and Karha rba r i  format ion  showed s o f t e n i n g  e f f e c t ,  h igh  
f l u i d i t y  and p l a s t i c  behaviour  on s a t u r a t i o n .  

For mine p l ann ing  under r i v e r s  o r  HFL of r i v e r s ,  t h e  n a t u r e  of fo rma t ion ,  
e x t e n t  of i t s  weather ing  and t h i cknes s  were cons ide red .  Subsidence of 
b r i t t l e  sands tone  format ion  was always a s s o c i a t e d  w i th  open f r a c t u r e s .  
In t h e  absence  of f i n e  c l a y  p a r t i c l e s ,  wa l l  swe l l i ng  and subsequent 
s e a l i n g  tendency,  t h e  c r a c k s  were l i k e l y  t o  o f f e r  channel f o r  water  
i n f low  o r  even connect water  bod ie s  i n  c a s e  of t h i c k / m u l t i p l e  seam 
cav ing  ( ~ i g  .3)  . 



Fig .3 .  Cracks a c r o s s  format ion  due t o  t h i c k  seam m i n i n g  

S t r a i n  c o n t r o l  a c r o s s  f o rma t ion  : Cracks i n  sands tone  forn la t ion  appeared  
when t h e  maximum t e n s i l e  s t r a i n  reached  5 mm/m a c r o s s  poor ly  j o i n t e d  
fo rma t ion .  I n  c a s e  of we l l  j o i n t e d  i o rma t ion  3 mm/m caused  such c r a c k s  
wh i l e  i n  t h e  p r e sence  of f a u l t  p l a n e s ,  t h e  s t r a i n  tended t o  accumulate 
a l ong  t h e  same and  lower t e n s i l e  s t r a i n  might a c t i v a t e  t h e  openings .  
Cracks  due t o  subs idence  induced secondary  p e r q e a b i l i t y  t o  o the rw i se  
impervious  fo rma t ion .  Depending upon seam and s t r a t a  t h i c k n e s s ,  the  
s t r a i n  c o u l d  b e  j u s t  enough t o  impar t  p e r m e a b i l i t y  o r  o f f e r  ready 
channe l  f o r  f r e e  f low.  Depending upon t h e  n a t u r e  of  f o rma t ion ,  wa t e r  
body and  goaf t r e a tmen t ,  s t r a i n  up t o  2 mm/m i n  t h e  bed of river/HFI, was 
p e r m i t t e d  w i t h  nece s sa ry  pumping p r e p a r a t i o n  of enhanced seepage and 
wi thdrawal  of  pe r sons  was recommended. In o t h e r  c a s e s ,  no s t r a i n  was 
a l lowed t o  r e ach  up t o  r i v e r  beds  due t o  t h i n n e r  p a r t i n g  and p e r e n n i a l  
n a t u r e  of  wa t e r  body. For c o n t r o l l i n g  t h e  magnitude of s t r a i n  e i t h e r  
of t h e  fo l l owing  approaches  were adopted  : 

(i) Con t ro l  t h e  geometry of t h e  pane l  o r  development headings  such 
t h a t  t h e  f r a c t u r e  p l a n e s  remained below t h e  wa t e r  body, 
l e a v i n g  a t  l e a s t  60 m t h i c k  fo rma t ion  a s  impermeable mass. 

(ii) Reduce t h e  e f f e c t i v e  working h e i g h t  of t h e  seam by way af 
goaf s towing and t he r eby  subs idence  f a c t o r .  

(ii;) Adopt harmonic sys tem of mining i n  con junc t i on  w i th  
h y d r a u l i c  s towing f o r  mining of m u l t i p l e  seams under  
sha l l ow  dep th  cove r .  



HARMLESS PANEL MINING 

Depending upon t h e  n a t u r e  of s t r a t a  v i s  a v i s  t h i ckness ,  competency 
and bending s t r e n g t h ,  t he  harmless  width of panel was def ined by model 
s t u d i e s  which dep ic t ed  t h e  panel  geometry l i k e l y  t o  cause  no subsidence 
and s t r a i n  i n  t h e  r i v e r  beds.  The harmless  width/depth r a t i o  f o r  
J h a r i a ,  Ranigunj and Bi lashpur  a r e a s  va r i ed  wi th in  0.4 t o  0.9 (Table 3 ) .  

Table 3 .  Harmless widthldepth  f o r  narrow panel  mining 

Harmless w/h 

0 .5  

0.5 
0.6 

Case 
- 

Chapuj Khas 
Silewara 
Chinakuri  
Sudamdih 
Jllagr3khand 
Surakachar 
Ninghah 

* No mining wi thout  stowing recommended 

Accordingly,  narrow panel l ongwal l /dep i l l a r ing  system was suggested f o r  
d i f f e r e n t  a r e a s .  For mining of Bharatchak seam underneath r i v e r  
Damodar, caving of 60 m wide panel of 3 p i l l a r s ,  l eav ing  a row of 
p i i l a r s  i n  between f o r  140-200 rn depth cover was envisaged;  whi le  f o r  
XI /XI I  seam mining a t  Sudamdih, even s a f e  narrow panel  of 30 m was n o t  
recommended v i t h o u t  t i g h t  stowing. The e f f e c t  of 5 panel working of 
Bharatchak seam a t  Chinakuri  mine was a l s o  s tud ied  t o  ensure  s a f e t y  of 
workings (Fig  . 4 ) .  The cumulative subsidence f a c t o r  due t o  t h e s e  
workings increased from 0.5% f o r  ind iv idua l  panel t o  1.3% f o r  5 pane l s .  

~eam/working he igh t  

S r ipu r  seam - 2.4 m 
I V  Top seam - 2.6 m 
I V  Top seam - 2.0 m 
xI/XII seam - 6.0  m 
A seam - 2.0 m 
G - I 1 1  seam - 2.0 m 
Sr ipu r  seam - 2.0 m 

SLCTlOM AUW16 A - A  - 

Depth 

170 m 
100 m 
140 m 
65 m* 

234 m 
135 m 
153 m 

Fig.4.  Narrow panel  mining under r i v e r  Damodar 



The narrow panel  caving  was r eccmended  where t h e  i n t e r v e n i n g  
competent s t r a t a  t h i cknes s  exceeded 60 x t w i th  t h e  panel  width  from 
0.4 t o  0 .6  t imes  t h e  p a r t i n g .  Where t h e  t h i c k n e s s  of s t r a t a  i n  between 
t h e  working ho r i zon  and wa te r  body was 30 t t o  60 t ,  narrow panel  w i th  
h y d r a u l i c  stowing was recommended t o  ensu re  long te rm s a f e t y  a g a i n s t  
de layed subs idence .  I n  c a s e  t h e  p a r t i n g  t h i cknes s  was 10 t  t o  30 t ,  
wide s t a l l  mining w i th  stowing and p recau t ion  f o r  withdrawal of persons  
from underground du r ing  f l ood  pe r iod  was recommended even i n  t h e  
p r e sence  of ve ry  competent fo rma t ion .  

RORD AND PILLAR M I N I N G  

P a r t i a l  e x t r a c t i o n  by way of bord  and p i l l a r  mining was recornmended 
where t h e  competent s t r a t a  t h i cknes s  ove r  c o a l  seam v a r i e d  from 10 t o  
30 t imes  t h e  working h e i g h t .  The e x t r a c t i o n  of seam I of Deulbera 
(Or i s sa  r eg ion )  covered mining depth  from inc rop  t o  200 m.  The zone 
between 30 t t o  60 t was earnlarked f o r  bord and p i l l a r  mining w i th  no 
r e s t r i c t i o n  on working h e i g h t  and development g a l l e r i e s .  The zone i n  
between 20 t t o  30 t was i s o l a t e d  f o r  bord  and p i l l a r  development,  
d e l i m i t i n g  t h e  h e i g h t  and width  of t h e  development g a l l e r i e s  t o  2 m and 
4 m r e s p e c t i v e l y .  No mining was recommended i n  zones where t h e  t h i ck -  
n e s s  of s t r a t a  was below 20 t .  The bed was presumed t o  be competent i n  
between t h e  top-most c o a l  ho r i zon  t o  t h e  working ho r i zon .  The c o a l  
be ing  impervious prevented  water  dependant wea the r ing / l each ing  of lower 
fo rma t ion  and hence was corisidered a s  marker h o r i z o n .  This  became 
impor tant  i n  view of 20-30 m deep weather ing  i n  coa l  measure format ion  
and occu r r ences  of po t  h o l e s  of 20 m dep th .  

HARMONIC M I N I N G  

E x t r a c t i o n  of 5 c o a l  seams wi th  cumula t ive  t h i c k n e s s  of 40 111 w i t h i n  
120 m dep th  cover  i n c l u s i v e  of t o p  20 m s u b s o i l  o r  l o o s e  sand under-  
n e a t h  HFL of Kanhan r i v e r  ( P r a n h i t a  tributary) was a  r e a l  problem f o r  
Nagpur a r e a .  Caving of only  f o u r  c o a l  seams wi th  superimposed panel  
caused  wide open c r a c k s  t o  s e r v e  a s  channe l s  f o r  water  i n f low .  The 
fo rma t ion  was ext remely  weak f lowing type  c l a y ,  sand s t o n e  and s h a l e .  
The cumula t ive  pa r t i ng /work ing  h e i g h t  r a t i o  was 3-5 on lv .  A s  such 
p a r t i a l  e x t r a c t i o n  of some of t h e  c o a l  ho r i zons  i n  con junc t ion  w i t h  
s towing was adopted  w i th  30-40% recovery .  

With a  view t o  maximising recovery  and reduce  s u r f a c e  t e n s i l e  s t r a i n  
it was dec ided t o  adopt  longwal l  mining and s t a g g e r  t h e  pane l s  of 
d i f f e r e n t  seams i n  a  harmonic f a s h i o n  s o  a s  t o  c a n c e l  t e n s i l e  s t r a i n  
of one pane l  w i th  t h e  compress ive  s t r a i n  o t  t h e  o t h e r  one*  This was 
p h y s i c a l l y  seen  i n  a  s e t  of model exper iments  ( F i g . 5 ) .  

The modera te ly  d ipp ing  seams of t h i s  a r e a  was proposed t o  be e i ~ t r a c t e d  
i n  harmonic f a s h i o n  w i th  t i g h t  s towing.  The t o t a l  40 m working h e i g h r  
c o u l d  t h u s  b e  reduced t o  e f f e c t i v e  he igh t  of 2 m only  i n  view of 5"; 
subs idence  f a c t o r  w i th  stowing.  As a  r e s u l t ,  t h e  p a r t i n g  r a t i o  could  
b e  i n c r e a s e d  t o  60-100 t and make t h e  working s a f e .  Adapr.ati.cn of 
harmonic mining methods f u r t h e r  reduced t h e  magnitude of t e n s i l e  st :rain 
and minimised fo rma t ion  of macro-micro c r a c k s  a c r o s s  t h e  weak f o r m e i o n .  



Fig.5. Harmonic mining s t u d i e s  f o r  mining under HFL 

'he topmost 11 m th ick  seam I of t h i s  a r e a  immediately below subso i l ,  
running sand and c lay  was recommended t o  be r e t a i n e d  a s  an umbrella in  
view of i t s  impervious na tu re .  The seam along with over lying p l a s t i c  
c l a y  was l i k e l y  t o  serve a s  good water s e a l a n t  during lower seam 
workings by harmonic method in conjunct ion with stowing. As a preamble 
t o  t h i s  proposal ,  f i e l d  t r i a l  was undertaken t o  a s c e r t a i n  subsidence 
f a c t o r  and t r a v e l l i n g  s t r a i n  due t o  lower seam e x t r a c t i o n  by longwall 
with stowing. 

CONCLUSIONS 

The development o r  e x t r a c t i o n  opera t ions  of seams below water logged 
o l d  workings o r  abandoned workings i n  t h e  same seams, accounted f o r  
95% of the  t o t a l  acc iden ta l  f lood ing  and innundation c a s u a l t i e s .  
These acc iden t s  occurred i n  s p i t e  of s a f e t y  precaut ions  taken when 
approaching o ld  mine workings of unknown ex ten t .  I n  such c a s e s ,  i t  
was t h e r e f o r e  e s s e n t i a l  t o  make t h e  r i s e  s i d e  a r e a  f r e e  of water before  
working i n  i t s  v i c i n i t y .  

The e x t r a c t i o n  underneath su r face  water bodies  was under comparatively 
wel l  def ined geo-mining and s p a t i a l  domain. It was, the re fo re ,  
p o s s i b l e  t o  plan harmonic mining of m u l t i p l e  seams, narrow panel  
mining o r  c o n t r o l l e d  bord and p i l l a r  development wi th  o r  without 
stowing wi th in  p a r t i n g  r a t i o  off 10 t t o  75 t with  c a l c u l a t e d  r i s k  of 
a d d i t i o n a l  seepage and pumping. 




