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WORKPLACE SOLUTIONS
F r o m  t h e  N a t i o n a l  I n s t i t u t e  f o r  O c c u p a t io n a l  S a f e t y  a n d  H e a l t h

G ro u n d  F all I n ju r ie s  in  
U n d e r g r o u n d  S t o n e  M in e s

Summary
W o r k e r s  i n  u n d e r g r o u n d  

s t o n e  m i n e s  h a v e  a  h i g h  

f a t a l i t y  r a t e  c a u s e d  b y  

f a l l s  o f  g r o u n d  f r o m  t h e  

m i n e  r o o f  o r  r i b .  N I O S H  

r e c o m m e n d a t i o n s  t o  r e ­

d u c e  g r o u n d  f a l l  i n j u r i e s  

a n d  d e a t h s  a d d r e s s  b a s ­

k e t s ,  m e c h a n i c a l  s c a le r s ,  

m e c h a n i c a l  b o l t e r s ,  d r i l l  

s t e e l  c h a n g in g ,  p e r s o n a l  

p r o t e c t i v e  e q u ip m e n t ,  a n d  

t r a i n i n g .

Description of 
Exposure

A n  i n f o r m a l  N a t i o n a l  I n s t i ­

t u t e  f o r  O c c u p a t i o n a l  S a f e t y  

a n d  H e a l t h  ( N I O S H )  r e v i e w  

i n  1 9 9 8  i d e n t i f i e d  a p p r o x i ­

m a t e l y  1 7  n e w  u n d e r g r o u n d  

l i m e s t o n e  o p e r a t i o n s  i n  v a r i ­

o u s  s ta g e s  o f  p l a n n i n g ;  as  m a n y  

as  3 5  n e w  u n d e r g r o u n d  s t o n e  

m i n e s  a r e  e x p e c t e d  b y  2 0 0 5 .  

M a n y  o f  t h e s e  n e w  u n d e r ­

g r o u n d  s t o n e  m i n e s  w i l l  e m ­

p l o y  n e w  o r  i n e x p e r i e n c e d

w o r k e r s  w i t h  m i n i m a l  k n o w l ­

e d g e  o f  t h e  h a z a r d o u s  c o n d i ­

t i o n s  t h a t  e x i s t  u n d e r g r o u n d .

W o r k e r s  i n  u n d e r g r o u n d  s to n e  

m in e s  h a v e  a  f a t a l i t y  r a t e  n e a r ­

l y  2 0  t im e s  t h a t  o f  w o r k e r s  in  

t h e  m a n u f a c t u r in g  s e c to r .  T h r e e  

q u a r t e r s  o f  t h e  f a t a l i t i e s  i n  

u n d e r g r o u n d  s t o n e  m in e s  a re  

c a u s e d  b y  f a l l s  o f  g r o u n d  f r o m  

t h e  m i n e  r o o f  o r  r i b  ( F i g ­

u r e  1 )  [ S t a t i s t i c a l  A b s t r a c t  o f

t h e  U n i t e d  S ta te s  1 9 8 5 - 1 9 9 9 ;  

M S H A  1 9 8 3 - 1 9 9 9 ] .  D u r i n g  

1 9 8 3 - 1 9 9 9 ,  n o n f a t a l  g r o u n d  

f a l ls  r e s u l t e d  i n  1 4 0  in ju r ie s ,  o r  

1 5 %  o f  a l l  u n d e r g r o u n d ,  l o s t ­

t i m e  s t o n e  m i n e  in ju r ie s .  T h e s e  

n o n f a t a l  g r o u n d  f a l l  i n ju r ie s  r e ­

s u l t e d  i n  m o r e  t h a n  1 3 , 8 0 0  l o s t  

w o r k d a y s  ( o n e  t h i r d  o f  a l l  l o s t  

w o r k d a y s ) .  G r o u n d  f a l ls  g e n e r ­

a te  m o r e  d is a b l in g  in ju r ie s  a n d  

t i m e  a w a y  f r o m  w o r k  t h a n  a n y  

o t h e r  t y p e  o f  i n c i d e n t .

Figure 1. Large roof fall at underground limestone mine.
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B e c a u s e  o f  t h e  h i g h  g r o u n d  f a l l  f a t a l i t y  r a t e  

a n d  h i g h  n u m b e r  o f  l o s t  w o r k d a y s  f r o m  i n j u ­

r ie s ,  N I O S H  e x a m in e d  t h e  M in e  S a fe ty  a n d  H e a l t h  

A d m i n i s t r a t i o n  ( M S H A )  a c c i d e n t  a n d  e m p l o y ­

m e n t  d a ta b a s e s  f o r  w o r k e r  a c t i v i t y  a t  t h e  t i m e  

o f  i n j u r y  f o r  t h e  p e r i o d  1 9 8 3 - 1 9 9 9  ( m i n e  

w o r k e r  a c t i v i t y  c o d e s  a n d  a c c i d e n t  n a r r a t i v e s )  

[ M S H A  1 9 8 3 - 1 9 9 9 ] .  D u r i n g  t h i s  p e r i o d ,  1 5 6  

i n j u r i e s  ( b o t h  f a t a l  a n d  l o s t - t i m e )  r e l a t e d  t o  

g r o u n d  f a l l s  w e r e  r e p o r t e d .  T h e s e  i n c i d e n t s  i n ­

c l u d e d  a l l  r o o f  a n d  r i b  f a l l s  l i s t e d  i n  t h e  d a t a ­

b a s e  as  w e l l  as  i n c i d e n t s  c la s s i f i e d  as  m a c h in e r y ,  

f o r  w h i c h  t h e  s o u r c e  o f  i n j u r y  w a s  c a v in g  r o c k .  

T h e  f r e q u e n c y  o f  g r o u n d  f a l l  i n j u r i e s  w a s  a s s o ­

c i a t e d  w i t h  w o r k e r  a c t i v i t i e s  as  f o l l o w s :  s c a l in g  

a c t i v i t i e s ,  4 7 % ;  h a n d l i n g  e x p lo s iv e s ,  2 4 % ;  o t h e r  

a c t i v i t i e s ,  1 0 % ;  r o o f  b o l t i n g ,  8 % ;  d r i l l i n g  fa c e ,  

6 % ;  a n d  h a n d l i n g  s u p p l ie s ,  5 % .

Injury and Fatality Review
T o  i d e n t i f y  w o r k  p r a c t i c e s  f o r  i m p r o v i n g  t h e  s a fe ­

t y  o f  m in e r s ,  t h e  M S H A  i n j u r y  n a r r a t i v e s  a n d  f a ­

t a l  a c c id e n t  r e p o r t s  n o t e d  a b o v e  w e r e  r e v ie w e d  

f o r  e a c h  l o s t - t i m e  a n d  f a t a l  g r o u n d  f a l l  i n j u r y  ( i n ­

c lu d e s  m in e s  w i t h  b o l t e d  a n d  u n b o l t e d  r o o f s ) .  

T h e  r e s u l t s  a r e  s u m m a r iz e d  b y  t h e  t y p e  o f  w o r k  

a c t i v i t y  a t  t h e  t i m e  o f  t h e  g r o u n d  f a l l .

■  S c a l i n g  w a s  t h e  m o s t  c o m m o n  w o r k e r  a c t i v ­

i t y  a t  t h e  t i m e  o f  a g r o u n d  f a l l ;  a l m o s t  o n e  

h a l f  o f  a l l  g r o u n d  f a l l s  w e r e  r e l a t e d  t o  s c a l ­

in g .  N e a r l y  a  t h i r d  o f  t h e  s c a l in g  i n c i d e n t s  

w e r e  a s s o c ia t e d  w i t h  r o o f  o r  r i b  r o c k  f a l l i n g  

o n t o  t h e  b a s k e t ,  s c a l in g  m a c h i n e ,  o r  o u t r i g ­

g e r  e q u i p m e n t  u s e d  t o  r e a c h  t h e  r e m o t e  a r ­

e a s  o f  t h e  m i n e .  T h e  j a r r i n g  o f  t h e  b a s k e t  o r  

s c a l in g  m a c h i n e  c a u s e d  b y  t h e  f a l l i n g  r o c k  o f ­

t e n  c a u s e d  w o r k e r s  t o  f a l l  f r o m  t h e  b a s k e t  o r  

a g a in s t  t h e  b a s k e t  r a i l .

A c c o r d i n g  t o  o n e  i n c i d e n t  n a r r a t i v e ,  t w o  m i n ­

e rs  w e r e  h a n d  s c a l in g  t h e  r o o f  f r o m  a b u c k e t  

w h e n  a la r g e  r o c k  d is lo d g e d  a n d  s t r u c k  t h e  c o r ­

n e r  o f  t h e  b u c k e t .  T h e  w e i g h t  o f  t h e  r o c k  o n

t h e  b u c k e t  c a u s e d  t h e  b o o m  o f  t h e  s c a l in g  r ig  

t o  b e n d  t o w a r d  t h e  m i n e  f l o o r  u n t i l  t h e  r o c k  

f e l l  t o  t h e  f lo o r .  T h e  b o o m  t h e n  c a t a p u l t e d  u p ­

w a r d ,  t h r o w i n g  t h e  t w o  s c a le rs  f r o m  t h e  b u c k ­

e t .  A  s e c o n d  n a r r a t i v e  d e s c r ib e d  a  w o r k e r  w h o  

w a s  h a n d  s c a l in g  w h i l e  le a n in g  o u t  o f  a b a s k e t .  

W h e n  a  m a s s iv e  s la b  o f  r o c k  f e l l  a n d  s t r u c k  t h e  

o u t r i g g e r  o f  t h e  s c a l in g  m a c h in e ,  i t  c a u s e d  t h e  

m a c h in e  t o  f a l l  o n  i t s  s id e .  T h e  w o r k e r  w a s  

t h r o w n  f r o m  t h e  b a s k e t ,  b u t  a h a r n e s s  a p p a r ­

e n t l y  p r e v e n t e d  t h e  w o r k e r  f r o m  b e in g  t h r o w n  

t o  t h e  f l o o r  o r  c r u s h e d  b y  t h e  m a c h in e .  T h e  

w o r k e r  s u f f e r e d  a f r a c t u r e d  s k u l l .

■  H a n d l i n g  e x p lo s iv e s  a c c o u n t e d  f o r  a  h i g h  

n u m b e r  o f  l o s t - w o r k - t i m e  in ju r ie s  f r o m  g r o u n d  

fa l ls .  M o s t  o f  t h e s e  i n c id e n t s  o c c u r r e d  w h i l e  

t h e  w o r k e r  w a s  lo a d in g  e x p lo s iv e s  i n t o  t h e  

h o le .  T h e s e  i n c id e n t s  r e s u l t e d  i n  i n j u r y  t o  t h e  

v i c t i m ’s n e c k ,  b a c k ,  o r  s h o u ld e r  f r o m  s m a l l  

r o c k  p ie c e s  t h a t  f e l l  f r o m  t h e  m i n e  f a c e  a n d  

r o o f .  T w o  f a t a l i t i e s  f r o m  g r o u n d  fa l ls  o c c u r r e d  

w h i l e  a m i n e r  w a s  c le a n in g  o u t  b o t t o m  h o le s .  

A c c o r d i n g  t o  t h e  M S H A  [ 1 9 8 3 - 1 9 9 9 ]  f a t a l i t y  

r e p o r t ,  t h e  w o r k e r s  r o u t i n e l y  c le a n e d  t h e  b o t ­

t o m  h o le s  b e f o r e  e n t e r in g  t h e  b a s k e t  a n d  g o in g  

u p  t o  c h e c k  t h e  r o o f .  T h e y  r e l i e d  e n t i r e l y  o n  v i ­

s u a l  in s p e c t io n  o f  r o o f  c o n d i t io n s .

■  R o o f  b o l t i n g  a c t i v i t i e s  i n v o l v i n g  g r o u n d  f a l l  

i n j u r i e s  a c c o u n t e d  f o r  m o r e  t h a n  t w i c e  t h e  

t y p i c a l  n u m b e r  o f  d a y s  l o s t  p e r  i n c i d e n t  f o r  

a l l  u n d e r g r o u n d  s t o n e  m i n e  i n c i d e n t s .  M i n ­

e r s  w o r k i n g  f r o m  a b a s k e t  t o  i n s t a l l  t h e  b o l t s  

h a v e  m o r e  i n j u r i e s  t h a n  m i n e r s  u s in g  a n  a u t o ­

m a t e d  b o l t e r .

■  D r i l l i n g  th e  f a c e  a c c o u n t e d  f o r  t h e  h i g h e s t  

n u m b e r  o f  d a y s  l o s t  p e r  i n c i d e n t  o f  a l l  w o r k ­

e r  a c t i v i t i e s .  M S H A  f a c e  d r i l l i n g  o p e r a t i o n  

n a r r a t i v e s  i n d i c a t e d  t h a t  i n  a t  le a s t  7 5 %  o f  

t h e  d r i l l i n g  i n c i d e n t s ,  t h e  v i c t i m  w a s  o u t s i d e  

t h e  c a b .  I n  m o s t  in s t a n c e s ,  t h e  v i c t i m s  w e r e  

c h a n g in g  d r i l l  s t e e l  o r  c h e c k i n g  t h e  d r i l l  a l i g n ­

m e n t .



■  M is c e l la n e o u s  a c t i v i t i e s  a c c o u n t  f o r  m o r e  

t h a n  4 0 %  o f  f a t a l  g r o u n d  f a l l  in ju r ie s .  T h e  

M S H A  f a t a l i t y  r e p o r t s  w e r e  r e v ie w e d  t o  f i n d  

o t h e r  c a u s e s  [ M S H A  1 9 8 6 - 1 9 9 6 ] .  F o u r  o f  t h e  

s e v e n  r e c o r d e d  f a t a l i t i e s  o c c u r r e d  w h i l e  t h e  

v i c t i m s  w e r e  e n t e r in g  a r e c e n t l y  b la s t e d  fa c e  

a re a .  T h e s e  f a t a l i t i e s  r e s u l t e d  f r o m  t h e  f a l l  o f  

r o o f  o r  f a c e  lo o s e n e d  b y  t h e  r e c e n t  b la s t .  I n  t w o  

o f  t h e  c a s e s , M S H A  w a s  u n a b le  t o  d e t e r m i n e  

w h y  t h e  v i c t i m s  h a d  e n t e r e d  t h e  b la s t  a re a .

Controls
T h e  f o l l o w i n g  m e a s u r e s  a r e  r e c o m m e n d e d

t o  r e d u c e  g r o u n d  f a l l  i n j u r i e s  i n  u n d e r g r o u n d

s t o n e  m in e s :

■  M i n i m i z e  s c a l in g  i n ju r i e s  t h a t  o c c u r  f r o m  t h e  

i m p a c t  o f  r o c k  f a l l i n g  o n t o  t h e  b a s k e t  o r  l i f t :

—  M a k e  s u r e  t h a t  s a f e t y  h a r n e s s e s  a n d  h a r d  

h a t s  w i t h  c h i n  s t r a p s  a r e  u s e d  c o r r e c t l y  

d u r i n g  s c a l in g  o p e r a t io n s .

—  F a s t e n  h a r n e s s e s  t o  s t r u c t u r a l l y  s e c u r e  

l o c a t io n s  o n  t h e  b a s k e t  w i t h  p r o p e r  r o p e  

l e n g t h  t o  m i n i m i z e  t h e  m o m e n t u m  o f  

t h e  f a l l .

—  P r o v i d e  p r o p e r  t r a i n i n g  i n  p u t t i n g  o n  a  

h a r n e s s  a n d  o p e r a t i n g  t h e  b a s k e t  m a n u ­

a l l y  i n  c a s e  t h e  h y d r a u l i c  s y s t e m  is  d a m ­

a g e d  b e c a u s e  o f  a g r o u n d  f a l l  o r  m a l f u n c ­

t i o n .

■  E q u i p  b a s k e t s  t h a t  a r e  u s e d  f o r  s c a l in g  a n d  

r o o f  b o l t i n g  w i t h  p a d d e d  r a i l i n g s  a n d  a c a n ­

o p y  o r  c a g in g  t o  a b s o r b  a n d  d e f l e c t  g r o u n d  

f a l l s .  E n s u r e  t h a t  c a n o p ie s  a r e  c o n v e n i e n t  t o  

w o r k e r s  a n d  t h a t  t h e y  a l l o w  e a s y  a c c e s s  t o  

t h e  r o o f .  I f  p o s s ib le ,  u s e  a  r e t r a c t a b l e  c a n o p y  

w i t h  a p a r t i a l l y  r e m o v a b l e  r o o f  s e c t io n .

■  U s e  m e c h a n i c a l  s c a le r s  w i t h  p r o t e c t i v e  c a b s  

i n s t e a d  o f  h a n d  s c a l in g  i f  p o s s ib le .

■  U s e  p e r s o n a l  p r o t e c t i v e  e q u i p m e n t  s u c h  as 

a  h a r d  h a t  w i t h  a  b a c k  r i m  ( s i m i l a r  t o  a  f i r e

f i g h t e r s  h e l m e t )  t o  h e l p  d e f l e c t  s m a l l  r o c k  

p ie c e s  f r o m  h i t t i n g  t h e  n e c k  a n d  b a c k  w h i l e  

l o a d in g  e x p lo s iv e s .  I n  s e v e r e  c o n d i t i o n s ,  u s e  

f l a c k  j a c k e t s  o r  p a d d i n g  d e v ic e s  w o r n  b y  a t h ­

l e t e s  f o r  a d d i t i o n a l  p r o t e c t i o n  f o r  t h e  b a c k  

[ G r a u  a n d  P r o s s e r  1 9 9 7 ] .

■  W h e n  r o o f  b o l t i n g ,  u s e  m e c h a n i c a l  b o l t e r s  

w i t h  a p r o t e c t i v e  c a b  i f  p o s s ib le .

■  M o v e  t h e  l o c a t i o n  f o r  c h a n g in g  t h e  d r i l l  s t e e l  

a w a y  f r o m  t h e  d r i l l e d  f a c e  t o  a n  a re a  w h e r e  

t h e  r i b  a n d  r o o f  a r e  s t a b le .

■  U s e  h a z a r d  t r a i n i n g  t o  e m p h a s iz e  t h e  s e ­

v e r e  g r o u n d  f a l l  r i s k  a s s o c ia t e d  w i t h  a f r e s h l y  

b l a s t e d  m i n e  f a c e  a n d  t h e  p r o p e r  p r o c e d u r e s  

f o r  e n t e r i n g  t h e  a re a .

■  D e v e l o p  a c o m p l e t e  c h e c k l i s t  o f  a l l  c r i t i c a l  

s a f e t y  p r o c e d u r e s  r e l a t e d  t o  g r o u n d  f a l l s  t h a t  

c a n  b e  u s e d  as  a t r a i n i n g  t o o l .
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For More Information

N IO S H  research on ground fa ll injuries in  under­
ground stone mines has been published in  a journal:

Pappas D M , Prosser LJ [2001]. A n  overview o f 
groundfall injuries and worker activity in  underground 
stone mines. Falls Church, VA: Joseph A. Holmes 
Safety Association Bulletin, August, pp. 8-14.

To receive more inform ation about occupational safe­
ty  and health topics, contact N IO S H  at

N IO S H
Publications Dissemination 
4676 Columbia Parkway 
Cincinnati, O H  45226-1998

Telephone: 1 -8 00 -3 5 -N IO S H  (1-800-356-4674) 
Fax: 513-533-8573 ■ E-mail: pubstaft@cdc.gov

or visit the N IO S H  Web site at www.cdc.gov/niosh

For a monthly update on news at N IO SH, subscribe to 
N IO S H  eNews by visiting www.cdc.gov/niosh/eNews.

This document is in  the public domain and may be 
freely copied or reprinted. N IO S H  encourages all 
readers o f the Workplace Solutions to  make them  
available to  all interested employers and workers.

As part o f the Centers fo r Disease C ontro l and Pre­
vention, N IO S H  is the Federal agency responsible for 
conducting research and making recommendations to 
prevent work-related illnesses and injuries. A ll W ork­
place Solutions are based on research studies that 
show how worker exposures to  hazardous agents or 
activities can be significantly reduced.
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