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INTRODUCTION 

Product iv i ty  va r ies  widely among coal  mining operations i n  I l l i n o i s .  
I n  1973 product iv i ty  of underground mines ranged from 9 t o  30 tons per man- 
day. The spread was even g rea te r  f o r  s t r i p  mining operat ions,  product iv i ty  
of which ranged from 1 3  t o  84 tons per man-day. 

" ~ r o d u c t i v i t y "  here in  has been ca lcula ted  by dividing t h e  tons of 
coal  shipped during a year by number of man-days worked during t h a t  year.  
The man-days used i n  t h i s  ca lcu la t ion  exclude man-days worked a t  t h e  prepara- 
t i o n  p lan t ,  shop, loading dock, o r  o f f i ce .  The da ta  on man-days worked a t  
individual  operations were obtained from t h e  U.S, Bureau of Mines Safe ty  Anal- 
y s i s  Center i n  Denver, Colorado. Other da ta  were ext rac ted  from o r i g i n a l  re- 
por ts  individual  companies had made t o  various Federal and s t a t e  agencies, in- 
cluding t h e  I l l i n o i s  S t a t e  Department of Mines and Minerals, t h e  U.S, Bureau 
of Mines, t h e  U.S. Department of Mine Enforcement and Safe ty  Regulations, and 
t h e  I l l i n o i s  S t a t e  Geological Survey. 

As  approximately 40 percent of a mine's t o t a l  operat ing cos t  goes 
f o r  labor ,  t h e  fac to r s  t h a t  a f f e c t  l abor ' s  product iv i ty  should be evaluated. 
I n  t h i s  study, d a t a  from 29 underground mines and 32 s t r i p  mines t h a t  operated 
i n  I l l i n o i s  from 1970 t o  1973 a r e  used t o  i l l u s t r a t e  t h e  r e l 6 t i o n  between mine 
product iv i ty  and t h e  various fac to r s  t h a t  seem t o  influence t h a t  productivi ty.  
The fac to r s  examined include t h e  n a t u r a l  conditions i n  t h e  mine, t h e  production 
capacity of t h e  mine, t h e  age of t h e  operat ion,  the  extent  of coal  preparat ion,  
and t h e  e f f e c t i v e  use of mining equipment and time. I n  s t r i p  mines t h e  addi- 
t i o n a l  f ac to r s  of s t r ipp ing  r a t i o  and method of mining were considered. 



Because t h e  various fac to r s  t h a t  influence product iv i ty  a r e  in te r -  
r e l a t e d ,  t h e  p rec i se  r e l a t i o n  between any one f a c t o r  and product iv i ty  i s  d i f -  
f i c u l t  t o  determine, Throughout t h i s  study when t h e  r e l a t i o n  of any individual  
f ac to r  t o  mine product iv i ty  was considered, t h e  influence of o ther  f a c t o r s  al-  
s o  was taken i n t o  account wherever possible.  I n  s p i t e  of t h i s ,  t h e  r e s u l t s  
obtained, as  expected, were not s u f f i c i e n t l y  p rec i se  t o  s i n g l e  out any individ-  
u a l  f ac to r  and quantify i t s  influence on mine productivi ty.  However, t h e  
r e l a t i o n s  revealed c e r t a i n  trends t h a t  could be use fu l  i n  f u r t h e r  analys is  
and evaluation of coal  mine product iv i ty ,  

UNDERGROUND M I N I N G  

Numerous f a c t o r s  influence underground mines product iv i ty ,  The 
f a c t o r s  analyzed i n  t h i s  repor t  include thickness of t h e  seam mined, roof 
and f l o o r  conditions i n  t h e  mine, s i z e  (annual production capacity)  of t h e  
operat ion,  age of t h e  operat ion,  qua l i ty  of t h e  f in i shed  product ( c o a l  prep- 
a r a t i o n ) ,  and e f f e c t i v e  use of mining equipment. The presence of water i n  
t h e  mine, t h e  quant i ty  of methane emitted, and management philosophy could 
not be analyzed because of i n s u f f i c i e n t  data.  

Seam Thickness 

The influence t h a t  t h e  thickness of t h e  coal  seam being mined has 
on product iv i ty  has been demonstrated by Risser  (1966)~ who showed t h a t  an 
increase  i n  thickness of s e m s  mined r e s u l t e d  i n  an increase  i n  t h e  productiv- 
i t y .  The most obvious cause of a  r i s e  i n  product iv i ty  as  t h e  thickness of 
t h e  coal  increases i s  t h e  g rea te r  amount of coa l  avai lable  per  square mile 
( t a b l e  1 ) .  Thick coal  seams a l s o  improve machine maneuverability and there-  
by improve t h e  e f f i c iency  of t h e  operation. 

The thickness of coal  mined i n  various underground coal  mines i n  
I l l i n o i s  i s  published annually by t h e  I l l i n o i s  Department of Mines and Min- 
e r a l s .  According t o  t h e i r  1973 repor t ,  
t h e  thickness of seams mined during 
t h a t  year ranged from 4.5 t o  9 f e e t .  
More than 73 percent of t h e  t o t a l  I1- 
l i n o i s  coa l  production from under- 
ground mines came from seams 7 o r  more 
f e e t  t h i c k ,  and most of t h e  operations 
t h a t  produce more than 1.5 mi l l ion  
tons per year were concentrated i n  ar- 
eas where t h e  coal  was more than 7 
f e e t  th ick .  I n  one mine, 1973 produc- 
t i o n  from an 8-foot seam was l e s s  than 
500,000 tons ,  but  t h a t  mine was more 
than 30 years old. Most of t h e  re la -  
t i v e l y  small  underground mines (produ- 
cing l e s s  than 1.5 mi l l ion  tons)  i n  
I l l i n o i s  a r e  concentrated i n  areas  
where seams a r e  genera l ly  th in .  

TABLE 1-RELATION BETWEEN THICKNESS OF SEAM 
AND AVAILABILITY OF COAL* 

4 4 

Coal 
thickness 

( f t  ) ~ o n s / a c r e t  ~ons /mi le t  ~ o n s / t w ~ . t  

1 1,800 1,152,000 41,472,000 

- - -  

* Tons i n  place and unrecoverable tonnage. 
t Conversion fac to r s :  1 acre-f t  of coal  = 1,800 tons; 

1 sq m i  f t  of coal  = 1,152,000 tons; 1 twp. (36 sq 
m i )  of coal  = 41,472,000 tons. 



I n  f igure  1, t h e  product iv i ty  
of operat ions i s  cor re la ted  with t h e  
thickness of t h e  seams mined. Each 
point  represents  one mining operation. 
Despite a wide dispers ion of po in t s ,  
product iv i ty  increases  with t h e  thick- 
ness of t h e  seam mined, but  it l e v e l s  
off a t  a thickness of 6% f e e t  f o r  most 
operat ions.  Two mining operat ions i n  
p a r t i c u l a r  (mines 1 and 2, f i g e l )  show 
higher than average product iv i ty ,  and 
t h e i r  records show t h a t  they a r e  lo- 
cated i n  areas where n a t u r a l  condi- 
t i o n s  ( p a r t i c u l a r l y  roof conditions ) 
were considerably b e t t e r  than those i n  
o ther  areas.  

The r e s u l t s  obtained i n  t h i s  
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Fig. 1 - Relation of seam thickness t o  pro- 
duc t iv i ty  of underground coal  
mines i n  I l l i n o i s  i n  1973. 

analys is  a r e  s imi la r  t o  those found by 
Shields e t  a l .  (1954) t h a t  showed product iv i ty  increased s i g n i f i c a n t l y  with an 
increase  i n  seam thickness up t o  about 84 inches and then tended t o  l e v e l  o f f  
somewhat f o r  th icker  seams, Various explanations could be given as  t o  why t h e  
product iv i ty  tends t o  l e v e l  of f  somewhat f o r  th icker  seams. Given (1973) men- 
t ioned t h a t  increased d i f f i c u l t y  of mining very t h i c k  seams reduces productiv- 
i t y .  

Roof and Floor Conditions 

A poor roof i n  an underground coal  mine not only causes accidents  
from roof f a l l s ,  b u t  it a l s o  increases  t h e  number of man-hours spent  on roof 
b o l t i n g ,  adding timbers and c r ibs  f o r  supplemental supports ,  cleaning up 
f a l l e n  rock, and, i n  some cases,  recovering and repa i r ing  equipment bur ied  by 
roof collapses.  The man-hours l o s t  i n  performing these  a c t i v i t i e s  reduces 
t h e  product iv i ty  of an operat ion,  Poor conditions have even r e s u l t e d  i n  com- 
p l e t e  abandonment of a sec t ion  of a mine o r  have made continued operat ion of 
a whole mine uneconomical. 

Poor roof conditions i n  a mine a r e  r e l a t e d  t o  t h e  geological  and 
physica l  c h a r a c t e r i s t i c s  of t h e  20 o r  30 f e e t  of rock s t r a t a  d i r e c t l y  overly- 
ing  t h e  coa l  seam. I n  I l l i n o i s  t h e  c h a r a c t e r i s t i c s  of overlying s t r a t a  vary 
considerably from one mining property t o  another, or  even wi th in  a s i n g l e  mine, 
and it follows t h a t  roof conditions i n  a mine o r  wi th in  a region a l s o  vary widely. 

Floor upheaval i n  a mine a l s o  adversely a f f e c t s  mine product iv i ty .  
I n  mines where such problems e x i s t ,  many man-hours a r e  l o s t  i n  grading f l o o r s ,  
with obvious losses  i n  productivi ty.  The problem i n  some mines i s  s u f f i c i e n t l y  
severe t o  make f u r t h e r  mining of a sec t ion  impossible. 

It i s  d i f f i c u l t  t o  determine t h e  magnitude of t h e  impact of these  
n a t u r a l  conditions on mine product iv i ty  because t h e  n a t u r a l  condit ions i n  t h e  
mine cannot e a s i l y  be quantif ied.  Mine operators i n  I l l i n o i s  est imate t h a t  
bad roof o r  f l o o r  conditions could r e s u l t  i n  a l o s s  of 10 t o  35 percent i n  
product iv i ty  i n  a given year, 



Size  of Operation 

The s i z e  of an operat ion a l s o  
influences productivi ty,  I n  under- 
ground mining, s i z e  of operat ion re-  
f e r s  primari ly t o  t h e  number of pro- 
duction u n i t s  used i n  t h e  mine. A 
production "unit" i n  an operat ion 
t h a t  uses a continuous mining ma- 
chine includes t h e  "miner", two 
s h u t t l e  c a r s ,  b e l t  conveyors, a 
feeder ,  and a roof b o l t e r ,  A pro- 
duction u n i t  i n  conventional mining 
includes a c u t t i n g  machine, a load- 
ing  machine, a coal  d r i l l ,  two shut- 
t l e  c a r s ,  a roof b o l t e r ,  shooting 
equipment, a feeder ,  and a b e l t  con- 
veyor, Theoret ica l ly ,  t h e  output 
l e v e l  achieved using e i t h e r  method 

Fig.  2 - 
Annual output (1000 tons) 

Workers needed t o  produce each 
l O O , O O O  tons of coa l  from Illi- 
nois  underground mines. Men 
working i n  o f f i c e ,  shop, loading 
dock, and prepara t ion  p l an t  a r e  
excluded. 

of mining i s  about t h e  same, but  t h e  conventional method of mining requires  a 
crew of 12 t o  1 4  men compared with an average crew of 7 t o  9 men f o r  continu- 
ous mining. Product iv i ty  of operations i n  conventional mining i s ,  the re fo re ,  
genera l ly  lower than t h a t  of s imi la r  operations using continuous mining. 

I n  general ,  t h e  output capacity of an operat ion could be increased 
by an increase  i n  number of machine s h i f t s  worked per day, by adding more pro- 
duction u n i t s ,  o r  by replac ing low-capacity equipment with higher capacity 
equipment. I n  underground mining, because t h e  productive capacity of a mining 
u n i t  i s  l imi ted  t o  about 800 tons per s h i f t ,  any s u b s t a n t i a l  increase  i n  mine 
output r equ i res  add i t iona l  mining un i t s .  When t h e  number of s h i f t s  a u n i t  
i s  worked averages l e s s  than 2 per day, t h e  production, bu t  not necessar i ly  
t h e  product iv i ty ,  could be increased by increas ing t h e  number of s h i f t s  a u n i t  
i s  worked, However, only t h r e e  8-hour s h i f t s  can be operated i n  a day, which 
puts  a l i m i t  on t h e  gain i n  output.  Any s u b s t a n t i a l  increase  i n  output capac- 
i t y  of an operat ion,  the re fo re ,  necess i t a t es  add i t iona l  un i t s .  I n  general ,  
with t h e  increase  i n  number of u n i t s  i n  an operat ion t h e  number of men employed 
on t h e  machines a l s o  increases  ( 7  t o  9 men f o r  a continuous miner u n i t  and 12  
t o  14 men f o r  a conventional mining u n i t ) .  However, supervisory, maintenance, 
and other  required  personnel do not necessar i ly  increase  i n  proport ion t o  t h e  
number of u n i t s  added. Therefore, t h e r e  i s  a gain i n  product iv i ty  with an in- 
crease i n  s i z e  of operat ion or  l e v e l  of output. 

Figure 2 shows t h e  number of men required t o  mine 100,000 tons of 
coal  annually a t  d i f f e r e n t  l e v e l s  of mine output, Up t o  a point ,  an increase  
i n  l e v e l  of output br ings  a decrease i n  t h e  number of add i t iona l  men required,  
but  once an output l e v e l  of 2 o r  3 mi l l ion  tons per  year i s  a t t a i n e d  t h i s  r a t e  
of decrease seems t o  l e v e l  o f f .  To operate a mine with a capacity of more than 
3 mil l ion  tons per  year ,  t h e  number of add i t iona l  men required s t a r t s  t o  in- 
crease somewhat i n  proport ion t o  t h e  number of mining u n i t s  added. Therefore, 
very l i t t l e  gain i n  product iv i ty  can be r e a l i z e d  from designing an operat ion 
with a capacity of more than 3 mi l l ion  tons pe r  year.  



TABLE 2-UNDERGROUND MINE CAPACITY, CAPITAL INVESTMENT, AND PRODUCTIVITY 
OF COAL MINES 

Mine s i z e  by annual  output  
( m i l l i o n  tons  ) 

Economic f a c t o r s  1.06 2.04 3.18 4 99 

Estimated c a p i t a l  investment $21,850,700 $ 35,705,900 

Estimated c o a l  rese rves  requ i red  f o r  53,000,000 102,000,000 
a 25-year mine opera t ion  a t  5% 
recovery r a t e  ( i n  tons  

Operating c o s t  p e r  year  $ 7,793,000 $ 13,830,000 

Capi ta l  investment per  t o n  of production $20.62 $17.47 

Operating c o s t  per  t o n  of production $ 7.35 $ 6.77 

D i r e c t  investment p e r  mining un i t*  $ 1,210,766 $ 1,@+9,354 

Produc t iv i ty  i n  tons  p e r  man-day (based 15.86 21.82 
on t o t a l  men employed) 

Source: U.S. Bureau of Mines Information Ci rcu la r  8632 ( 1974 ) . 
* Continuous miner. 

Though t h e r e  i s  a  gain i n  product iv i ty  with s i z e  of operat ion,  a  
l a rge  operat ion requires  a l a r g e  c a p i t a l  investment and vas t  coal  reserves 
( t a b l e  2 ) .  The shortage of c a p i t a l ,  t h e  coal  reserves ava i l ab le ,  and t h e  mar- 
ke t  f o r  coal  have prevented severa l  companies from designing l a r g e  operations. 
I n  I l l i n o i s  the  a v a i l a b i l i t y  of l a r g e  blocks of t h i c k  coal ,  r e l a t i v e l y  good 
market p o t e n t i a l ,  and t h e  s t rong f i n a n c i a l  pos i t ion  of mining companies have 
favored t h e  development of l a r g e  mines. The number of mines with average an- 
nual  productions between 1.5 t o  3.0 mi l l ion  tons of coal  has increased from 
4 i n  1964 t o  1 1 i n  1973 ( f i g .  3 ) .  I n  t h e  same period,  t h e  number of mines 
with an average annual production of l e s s  than 1.5 mi l l ion  tons has decreased 
from 4 1 i n  1964 t o  12  i n  1972. The l a w e  s i z e  of I l l i n o i s  underground mines 
i s  one of t h e  fac to r s  t h a t  makes them more productive than underground coa l  
mines operated i n  o ther  s t a t e s  ( f i g .  4). I l l i n o i s ,  Indiana, and western Ken- 
tucky, a l l  i n  t h e  I l l i n o i s  Basin, have somewhat s imi la r  geologic conditions 
and l ead  the  o ther  s t a t e s  i n  productivi ty.  

I n  f igure  5, t h e  output of underground mines i n  I l l i n o i s  i n  1973 i s  
co r re la ted  with t h e i r  respect ive  p roduc t iv i t i e s .  A s  would be expected, t h e r e  
i s  a p o s i t i v e  cor re la t ion  between mine output and product iv i ty ,  The mines 
t h a t  a re  located  i n  areas where roof and f l o o r  conditions a r e  genera l ly  good 
and t h e  operations t h a t  a re  l e s s  than 5 years o ld  achieve higher product iv i ty  
than o ~ e r a t i o n s  of a  s i m i l a r  s i z e  * 

t h a t  have average t o  poor roof or  40 - Production less than 1.5 
f l o o r  conditions or  a re  older. One million tons of coal 

--- Production from 1.5 to 3 
operat ion producing over 4 mil l ion 30 million tons of coal 
tons per year ( i d e n t i f i e d  as mine 1 *g 
i n  f igure  5 )  does not follow t h e  
genera l  t rend.  f2 

P 
The s i z e  o r  capacity of an op- 

e ra t ion ,  the re fo re ,  has a d e f i n i t e  
o..% o--o-   lo-'-^‘- 0*' 

influence on mine productivi ty.  How- -- 
ever,  t h e  r e a l  gain i n  product iv i ty  
an operat ion might r e a l i z e  i s  af-  

I I I 

1964 66 68 70 72 1974 
Year 

fec ted  t o  a considerable extent  by Fig. 3 - Trend toward larger  mines i n  Illi- 
t h e  n a t u r a l  conditions under which nois ( ~ l l i n o i s  Dept. Mines and 
t h e  operat ion i s  performed. Minerals, 1973 1. 
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v. thickness of seam mined (ft)  
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Fig. 4 - Comparison of underground mines i n  I l l i n o i s  with those i n  other s t a t e s ,  on the 
bas is  of mine s i z e ,  seam thickness, and productivity (U.S. Bureau of Mines 
1972 d a t a ) .  

Age of Operation 

The age of a  mine a f f e c t s  i t s  product iv i ty  i n  severa l  ways. As 
mining proceeds, t h e  d is tance  coal  must be hauled and men t ranspor ted  t o  and 
from t h e  operat ing face  genera l ly  increases.  Moreover, t h e  mine area  t h a t  
must be maintained increases ,  and unless o ld  o r  obsolete equipment i s  replaced 
equipment ef f ic iency a l s o  decreases. I n  general ,  the re fo re ,  with increase  i n  
age t h e  product iv i ty  of an operat ion normally declines.  

I n  I l l i n o i s ,  a s  i n  o ther  p laces ,  t h e  age of a c t i v e  mines va r ies  
widely. According t o  t h e  I l l i n o i s  Department of Mines and Minerals Annual 
Report f o r  1970, t h e  age of mines i n  1970 ranged from a few months t o  more 
than 33 years*. 

The inf luence  of age on mine product iv i ty  i s  apparent i n  f i g u r e  6. 
For mines l e s s  than 7 years o ld ,  regardless  of production l e v e l ,  t h e r e  i s  a 
gain i n  product iv i ty  with age, but  f o r  mines over 10 years o ld  t h e  reverse  i s  
t rue .  Figure 6 a l s o  shows t h a t  operations producing over 2 mi l l ion  tons of 
coal  per  year  a r e  a l l  l e s s  than 20 years old,  A l l  operations over 29 years 
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Fig. 5 - Output vs. productivi ty ' in  under- 
ground mines. 

o ld  record lower production capac- 
i t y ,  l e s s  than l m i l l i o n  tons per 
year. 

The genera l  increase  i n  produc- 
t i v i t y  with age f o r  mines up t o  7 
years o ld  i s  understandable when t h e  
product iv i ty  of c e r t a i n  ind iv idua l  
mines i s  analyzed. I n  f igure  7 t h e  

- - -- 

* More recent data ( 1973 )  were avai lab le ,  but 
s ince no new underground mine began opera- 
t i o n  i n  the l a s t  3  years ,  the l a t e r  data were 
not considered adequate f o r  t h i s  analysis .  
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Fig.  6  - Age vs. p roduc t iv i ty  of under- 
ground mines. 
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Fig. 7 - Trends i n  p roduc t iv i ty  of ind iv id-  
u a l  mines ( I l l i n o i s  Dept. of Mines 
and Minerals da ta ,  1960- 1973 ) . 
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t e r i a l  r e j e c t ed  during coa l  prepara- 
t i o n  (U.S. Bureau of Mines, 1970). 
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product iv i ty  achieved by individual  
mines during t h e i r  i n i t i a l  years of 
operat ion i s  p lo t t ed .  A sharp r i s e  
i n  product iv i ty  i s  noted during t h e  
f i r s t  2 years of operation. Produc- 
t i v i t y  remains high f o r  5 t o  6 
years ,  a f t e r  which it s t a r t s  t o  de- 
c l ine .  A s teady decl ine  i n  produc- 
t i v i t y  f o r  mines 25 and 23 i s  p a r t l y  
due t o  the  poor roof conditions en- 
countered as mining progressed. Mine 
25 was eventually shut  down i n  1972, 
repor tedly  because of poor roof ,  The 
r e l a t i v e l y  high product iv i ty  during 
t h e  i n i t i a l  5 t o  7 years of opera- 
t i o n  ( f i g .  7 )  r e f l e c t s  t h e  general  
mining p r i n c i p l e  of f i r s t  mining t h e  
areas e a s i e s t  t o  reach t o  ge t  a  
quick r e t u r n  on t h e  c a p i t a l  invest-  
ment. 
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Quality of F ina l  Product Shipped 

Product iv i ty  reported by t h e  
U.S. Bureau of Mines i s  based on t h e  
amount of coal  shipped and not on 
t h e  amount of raw coa l  produced. The 
average product iv i ty  of operat ions 
producing raw coal ,  the re fo re ,  gen- 
e r a l l y  i s  higher than t h a t  of opera- 
t i o n s  of s i m i l a r  s i z e  t h a t  produce 
clean coal.  This i s  obviously an- 
o ther  f a c t o r  responsible f o r  varia-  - 
b i l i t y  of mine product iv i ty .  

I n  1970, about 70 percent of 
t h e  t o t a l  raw coal  produced i n  Illi- 
nois by underground mining was me- 
chanical ly cleaned. More recent  d a t a  
on coa l  preparat ion were not avail-  
ab le  f o r  analys is .  The percentage of 
mate r i a l  r e j e c t e d  a t  individual  
mines i n  t h e  process of preparing 
coal  t o  meet c e r t a i n  spec i f i ca t ions  
ranged from 5 percent t o  as  high as  
28 percent of t h e  t o t a l  coal  mined. 
A t  s evera l  mines only p a r t  of the .  
t o t a l  coa l  produced was cleaned and 
t h e  r e s t  was shipped i n  raw form t o  
u t i l i t y  p lants .  I n  o ther  operations 
p r a c t i c a l l y  a l l  t h e  coal  was cleaned 
before  it was shipped t o  customers. 



The percentage of mate r i a l  r e j e c t e d  a t  t h e  mine i s  cor re la ted  with 
mine product iv i ty  i n  f igure  8. The decl ine  i n  product iv i ty  with increase  i n  
degree of coal  preparat ion or  increase  i n  r e j e c t e d  mate r i a l  does not neces- 
s a r i l y  mean t h a t  an operat ion producing clean coal  i s  l e s s  e f f i c i e n t  than a 
s i m i l a r  operat ion producing raw coal ,  Rather, it r e f l e c t s  the  amount of time 
o r  man-hours spent i n  t h e  handling mate r i a l  t h a t  i s  eventually r e j e c t e d  a t  t h e  
p lan t  s i t e .  This i s  one of t h e  reasons s p e c i a l t y  coal ,  such as meta l lurgica l  
and industr ial-grade coal ,  i s  more expensive than u t i l i t y  coal  o r  raw coal.  

Effec t ive  Use of Equipment 

The ef f ic iency with which t h e  ava i l ab le  equipment a t  a  mine i s  u t i l -  
ized  a l s o  a f fec t s  mine productivi ty.  Almost every machine has a considerable 
"margin" over and above t h e  average production l eve l .  The higher l e v e l  could 
be a t t a ined  through e f f e c t i v e  use of avai lable  resources,  such as labor ,  power, 
and management. The g rea te r  the  proportion of production an operat ion derives 
from t h i s  margin t h e  higher t h e  gain i n  product iv i ty  w i l l  be. 

I n  1970, t h e  average amount of raw coal  produced per u n i t  per  s h i f t  
i n  I l l i n o i s  underground mines ranged from 200 t o  710 tons.  This v a r i a t i o n  
could be a t t r i b u t e d  p a r t l y  t o  d i f ferences  i n  na tu ra l  condit ions,  p a r t l y  t o  
t h e  age of t h e  equipment, and p a r t l y  t o  d i f ference  i n  types of machines and 
methods of mining. The v a r i a t i o n  a l s o  r e f l e c t s  t h e  d i f ference  i n  t h e  s k i l l  of 
t h e  machine operator  and the  a b i l i t y  of management t o  u t i l i z e  machine capacity. 
The product iv i ty  of mines during 1970 i s  corre la ted  with t h e  average output per  
u n i t  per  s h i f t  i n  f igure  9. A d e f i n i t e  gain i n  mine product iv i ty  i s  evident 
as  t h e  output pe r  u n i t  per  s h i f t  increases  t o  more than 450 tons of raw coal. 

I n  t h r e e  mining operations t h e  
mine product iv i ty  gain was substan- 
t i a l l y  higher than t h e  general  t rend 
( f i g .  9 ) .  A c lose r  look a t  t h e  da ta  
showed t h a t  these  t h r e e  mines were 
operated under t h e  same management, 
and during 1970 most of t h e  coal  was 
produced by using continuous mining 
machines. The n a t u r a l  conditions 
under which t h e  operations were per- 
formed were considerably b e t t e r  than 
those i n  t h e  o ther  mines p lo t ted .  
Figure 9 a l s o  shows t h a t  mines t h a t  
had an output per u n i t  per  s h i f t  
somewhat lower than average during 
1970, because of t h e  age of t h e  op- 
e r a t i o n  o r  poor mining condit ions,  
had ceased operat ion by 1973. 

STRIP M I N I N G  

I n  s t r i p  mining as i n  under- 
ground mining, numerous fac to r s  may 

e Mines active in 1973 
l o  a Mines closed by 19.3 2 
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Output of raw coal per unit per shift* 

"Number of shifts worked is  based on 
information provided by individual 
operators to the I l l inois Department 
of Mines and Minerals. 

Fig. 9 - Machine output and produc t iv i ty  of 
underground mine in  1970. Number 
of s h i f t s  worked is based on in for -  
mat ion provided by ind iv idua l  oper- 
a t o r s  t o  t he  I l l i n o i s  Department of 
Mines and Minerals. 



d i r e c t l y  o r  i n d i r e c t l y  influence an operat ion's  productivi ty.  Factors anal- 
yzed i n  t h i s  r epor t  include s t r i p p i n g  r a t i o ,  nature of overburden, method of 
mining, capacity f o r  which t h e  operat ion was designed, age of operat ion,  qual- 
i t y  of f i n a l  product shipped ( c o a l  p repara t ion) ,  and e f f i c i e n t  use of equip- 
ment and time. 

St r ipping Ratio 

The most important s t e p  i n  a  s t r i p p i n g  operat ion i s  removal of t h e  
overburden t o  uncover t h e  coal.  The amount of overburden t h a t  must be removed 
t o  recover a  ton  of coal  va r ies  widely because of t h e  v a r i a t i o n  i n  topography 
and i n  t h e  thickness of t h e  coal  seam. The r a t i o  of t h e  nwnber of cubic yards 
of overburden removed per ton  of coal  recovered i s  ca l l ed  t h e  s t r i p p i n g  r a t i o .  
The s t r i p p i n g  r a t i o  may a l s o  be expressed as  t o t a l  thickness of overburden 
divided by t h e  thickness of t h e  coal  seam. 

I n  I l l i n o i s ,  i n  s p i t e  of the  genera l ly  l e v e l  regional  topography, 
t h e r e  i s  a  s i g n i f i c a n t  v a r i a t i o n  i n  s t r i p p i n g  r a t i o  from mine t o  mine as we l l  
as within a  s i n g l e  mine. I n  t h e  northern and northwestern p a r t s  of I l l i n o i s ,  
t h e  thickness of seams mined during 1970 ranged from 3 t o  5 f e e t ,  and t h e  s t r i p -  
ping r a t i o  averaged about 18:1. I n  southwestern I l l i n o i s ,  thickness of seams 
mined during 1970 ranged from 4.5 t o  6.5 f e e t ,  and t h e  s t r i p p i n g  r a t i o  averaged 
about 11:l. I n  Gal la t in  and Sal ine  Counties i n  southern I l l i n o i s ,  t h e  thick- 
ness of seams mined was 3.5 t o  4.5 f e e t ,  but  t h e  s t r i p p i n g  r a t i o  was almost 
t h e  same as t h a t  i n  southwestern I l l i n o i s .  

Becaus e  numerous nan-hours must 
be spent i n  removing and rehandling 
overburden, e spec ia l ly  where t h e  
s t r ipp ing  r a t i o  i s  high,  t h e  produc- 
t i v i t y  of t h e  operat ion general ly 
decreases as  t h e  s t r i p p i n g  r a t i o  in- 
creases. The t r u e  r e l a t i o n  between 
t h e  s t r i p p i n g  r a t i o  and mine produc- 
t i v i t y  i s  d i f f i c u l t  t o  determine be- 
cause of d i f ferences  i n  t h e  nature 
of s t r i p p i n g  equipment used, t h e  na- 
t u r e  of t h e  overburden, t h e  s i z e  of 
t h e  operat ion,  and t h e  amount and 
degree of preparat ion the  coa l  must 
undergo t o  be  s u i t a b l e  f o r  a  speci- 
f i c  market. I n  f igure  10 t h e  s t r i p -  
ping r a t i o s  of 22 operations i n  11- 
l i n o i s  a r e  cor re la ted  with t h e i r  
1970 product iv i ty .  ( ~ h e s e  s t r i p p i n g  
r a t i o s  do not t ake  i n t o  account t h e  
rehandling of overburden materi a 1  
t h a t  was necessary a t  some opera- 
t i o n s  because of l imi ted  space.) I n  
s p i t e  of somewhat poor cor re la t ion ,  
t h e  f i g u r e  shows a  general  decl ine  
i n  product iv i ty  as t h e  s t r i p p i n g  ra- 
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Fig. 10 - Str ipp ing  r a t i o  and mine produc- 
t i v i t y  of I l l i n o i s  mines i n  1970. 



TABLE 3-OUTPUT, RATIO OF OVERBURDEN TO NET COAL RECOVERED, 
AND PRODUCTIVITY OF ILLINOIS STRIP MINES 

- - 

Overburden 
Total output Average removed per 
of a l l  s t r i p  Average thickness net ton 

No. of mines output of seam of coal  
s t r i p  ( thousand per mine mined recovered Productivity 

Year mines tons ) ( tons 1 ( f t )  (ou yd ) (tons/man-day 

Source: U.S. Bureau of Mines. 

t i o  increases.  The increase  i n  s t r i p p i n g  r a t i o  i s  one of t h e  reasons t h e  av- 
erage product iv i ty  of I l l i n o i s  s t r i p  mines declined from a record high of 37.54 
tons per man-day i n  1965 t o  33.58 tons per man-day i n  1970 ( t a b l e  3 ) .  

Nature of Overburden 

The nature  of t h e  rock s t r a t a  overlying t h e  coal  a l s o  a f f e c t s  pro- 
d u c t i v i t y  of a s t r i p p i n g  operat ion,  I n  s t r i p  mining t h e  mate r i a l  overlying 
t h e  coal  i s  broadly c l a s s i f i e d  i n t o  two groups-consolidated (rock s t r a t a  such 
as limestone, sandstone, and sha le )  and unconsolidated (genera l ly  s o i l ,  clay,  
s i l t ,  and sand). The kind of rock s t r a t a  present  i n  the  overburden a f f e c t s  
t h e  performance of s t r i p p i n g  equipment and determines t h e  quant i ty  of explo- 
s i v e s ,  i f  any, needed t o  break up t h e  overburden. 

The overburden of northern and 
northwestern I l l i n o i s  s t r i p  mines i s  
somewhat d i f f e r e n t  from t h a t  i n  t h e  
southern and southwestern p a r t s  of 
t h e  s t a t e ,  I n  t h e  l a t t e r  a rea  (per- 
r y  , Randolph, S t ,  C la i r  , Williamson, 
Sa l ine ,  and Ga l la t in  coun t ies ) ,  t h e  
overburden contains a considerable 
mount of limestone, which requires  
b l a s t i n g  before  it can be removed by 
s t r i p p i n g  shovel or  dragline.  I n  t h e  
northern and northwestern I l l i n o i s  
operations ( ~ n o x ,  Stark ,  Peoria,  
Fulton, and Kankakee counties)  , t h e  
unconsolidated overburden i s  th icker  
than t h a t  f a r t h e r  south and t h e  con- 
s o l ida ted  overburden i s  mostly sha le  
and sandstone, which requires  only a 
small  quant i ty  of explosives,  i f  
any, The quant i ty  of explosives used 

@ Operations in southern and 
southwestern l l l inoi s 

+ Operations in northern and 
northwestern l l linois 

Stripping ratio 

i s  cor re la ted  with s t r ipp ing  r a t i o  Fig. 11 - Correlation between quanti ty 
( f i g .  11). A p o s i t i v e  cor re la t ion  of explosives used and s t r i p -  
e x i s t s  i n  southern and southwestern ping r a t i o ,  1970 ( I l l i n o i s  
I l l i n o i s  between t h e  amount of ex- Dept. of Mines and Minerals, 
plosives used per  ton  of coal  pro- 1970). 



TABLE 4-RELATIONS BETWEEN STRIP MINE CAPACITY. CAPITAL INVESTMENT, AND PRODUCTIVITY 
Physical  parameters 

Capacity Average seam Average over- 
of th ickness  burden th ickness  S t r i p p i n g  C a p i t a l  investment ( $ )  Operating c o s t  ( $ )  Produc t iv i ty  

opera t ion  ( f t )  ( f t )  r a t i o  Investment Per t o n  Per year  Per t o n  (tons/man-day) 

1 m i l l i o n  tons 
p e r  year  

S ing le  seam 5.5 100 18.2:1 13,709,800 13.71 3,900p100 3.90 53.42 
operat  ion  

Two seam 10 100 10: 1 8,280,100 8.28 2,984,000 2.98 53.42 

opera t ion  

3 m i l l i o n  tons 
p e r  year  

S i n g l e  seam 5.5 100 18.2: 1 24,870,100 8.29 7,748,400 2.58 111.6 
opera t  ion  

Source: Based on U.S. Bureau of  Mines Information Ci rcu la r  8535 ( 1972). 

duced and t h e  s t r i p p i n g  r a t i o ,  Operations located  i n  t h e  northern and north- 
western p a r t s  of I l l i n o i s  required l i t t l e  o r  no explosive t o  break up t h e  
overburden b u t  general ly had a higher s t r ipp ing  r a t i o ,  ranging from 10 t o  30, 

The coal-bearing rocks of t h e  two regions a l s o  d i f f e r  i n  t h e  amount 
of extraneous mate r i a l  associa ted  with t h e  coal  seams. I n  t h e  north and north- 
western region,  t h e  Herrin (No. 6 )  and Spr ingf ie ld  (No. 5)  Coals contain white- 
top,  c l a s t i c  dikes,  and horsebacks, Simi lar  s t r u c t u r e s  a r e  r a r e l y  noted i n  
operations located  i n  t h e  southwestern p a r t  of the  s t a t e  ( ~ a m b e r ~ e r ,  1974). 
These extraneous mater ia ls  influence mine product iv i ty  i n  two ways. F i r s t ,  
they lower t h e  performance of s t r i p p i n g  equipment, e spec ia l ly  i n  areas where 
t h e  white-top blends i n t o  t h e  Herrin (NO. 6 )  Coal. Second, many man-hours a r e  
spent  i n  t h e  mining, handling, and removal of extraneous mater ia ls  t h a t  could 
have been devoted t o  producing coal ,  

The e f f e c t  t h a t  v a r i a t i o n  i n  t h e  nature  of overburden has on pro- 
d u c t i v i t y  becomes evident i n  comparing t h e  average product iv i ty  of s t r i p  mines 
from these  two regions of I l l i n o i s ,  Operations i n  northern and northwestern 
I l l i n o i s  t h a t  a r e  producing about 1 mi l l ion  tons of coa l  per  year had an av- 
erage product iv i ty  of 3 1 t o n s  per man-day i n  1970, while operat ions of s i m i l a r  
s i z e  i n  southern and southwestern I l l i n o i s  had an average product iv i ty  of 44 
tons per man-day. P a r t  of t h i s  v a r i a t i o n  i s  probably due t o  d i f ferences  i n  
thickness of seam mined and s t r i p p i n g  r a t i o ,  but  t h e  nature  of t h e  overburden 
and t h e  presence of extraneous mate r i a l  associa ted  with t h e  coal  contr ibute  
t o  the  low product iv i ty  of northern and northwestern I l l i n o i s  mines, 

Method of Mining 

The type of s t r i p p i n g  method used a l s o  a f f e c t s  product iv i ty ,  I n  
I l l i n o i s  t h e  methods now i n  use can be c l a s s i f i e d  i n t o  two groups-single- 
seam operations and two-seam or  multi-seam operat ions,  I n  1973, t h e  average 
product iv i ty  achieved i n  single-seam operat ions with annual output of 1 t o  2 
mil l ion tons was approximately 35 tons  per man-day, whereas i n  multi-seam 
operations t h e  product iv i ty  was a s  high as  90 tons  per man-day f o r  mines with 
annual mine production ranging between 3 and 5 mi l l ion  tons.  

The high product iv i ty  achieved by multi-seam operat ions could be a t -  
t r i b u t e d  t o  low s t r i p p i n g  r a t i o  ( t a b l e  4) and t o  t h e  a v a i l a b i l i t y  of more coal.  
I n  multi-seam operat ions t h e  amount of coa l  ava i l ab le  per  square mi le  averages 



11,530,000 tons ,  while i n  single-  
seam operations it ranges from 
3,456,000 t o  6,912,000 tons per 
square mile, The l a r g e  amounts of 
coal  ava i l ab le  i n  areas  where more 
than one seam i s  present  permit t h e  
planning of large-s c a l e  operat ions 
(output  per yea r )  t h a t ,  because of 
t h e  economy of sca le ,  improve mine 
product iv i ty ,  Even i n  small  multi- 
seam operations more coal  per  square 
mile can be mined, reducing t h e  per 
ton  c a p i t a l  investment and operat ing 
cos t s  ( t a b l e  4 ) ,  

The economic advantages of 
multi-seam operations a r e  t h e  main 
reason multi-seam operations i n  11- 
l i n o i s  have increased from t h r e e  i n  
1964 t o  seven i n  1974. Production 
from multi-seam operations increased 
from 2,822,552 tons i n  1964 t o  
12,134,814 tons i n  1973. Although 
multi-seam operat ions provide def i -  
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Fig. 12 - Relative gains made with l a rge r  
equipment ( a f t e r  Weimer and 
Weimer , 1973 1. 

n i t e  b e n e f i t s ,  t h e  areas where they could be ca r r i ed  out i n  I l l i n o i s  a r e  ,unfor- 
tuna te ly  l imi ted .  

I n  addi t ion  t o  s t r i p p i n g  r a t i o ,  nature of overburden, and multi-seam 
mining, n a t u r a l  conditions t h a t  influence product iv i ty  include t h e  quant i ty  of 
water present ,  t h e  slope of t h e  p i t ,  and t h e  presence of unusually p l a s t i c  un- 
derclay i n  t h e  p i t .  Because information about these  conditions was l imi ted ,  
t h e i r  influence on product iv i ty  was not considered i n  t h i s  paper. 

Capacity of Operation 

I n  s t r i p  mining t h e  capacity of t h e  mining equipment depends t o  a 
l a r g e  extent  upon t h e  s i z e  of t h e  operat ion,  i n  terms of output per  year. 
The number of men required t o  operate large-capacity equipment, such as  s t r i p -  
ping shovels or dragl ines ,  i s  much t h e  same as  t h e  number needed t o  operate 
small-capacity equipment, For t h a t  reason a d e f i n i t e  gain i n  product iv i ty  
occurs with t h e  increase  i n  capacity of equipment used. The reduction i n  
cos t  of l abor ,  maintenance, r epa i r s  and suppl ies ,  and power t h a t  accompany 
t h e  increase  i n  bucket and dipper capacity ( f i g .  12)  were demonstrated by 
Weimer and Weimer (1973). 

The annual output achieved i n  1973 by I l l i n o i s  s t r i p  mines, accord- 
ing  t o  t h e  I l l i n o i s  Department of Mines and Minerals (1973), ranged from l e s s  
than 50,000 tons t o  4,673,688 tons.  I n  f igure  1 3  t h e  l e v e l  of output of Illi- 
nois operat ions i s  corre la ted  with productivi ty.  The f i g u r e  shows a p o s i t i v e  
cor re la t ion  between mine output and productivi ty.  The high product iv i ty  l e v e l  
f o r  mines 1 and 2 indicated  i n  f igure  1 3  was b a s i c a l l y  due t o  t h e  designed 



capacity of t h e  operat ion and t o  a 
lower s t r i p p i n g  r a t i o  achieved be- 
cause these  operations a r e  multi- 
seam operations. 

I n  f i g u r e  14 t h e  number of men 
required t o  mine 100,000 tons of 
coa l  per  year i s  cor re la ted  with 
d i f f e r e n t  l e v e l s  of mine output, Up 
t o  a po in t ,  an increase  i n  l e v e l  of 
output br ings  a decrease i n  t h e  num- 
bers  of add i t iona l  men required,  bu t  
once an output l e v e l  of 1 ,5  mi l l ion  
tons per year i s  a t t a i n e d  t h e  r a t e  
of decrease l e v e l s  o f f ,  Since i n  
s t r i p  mining, unl ike  underground 
mining, t h e  smaller  capacity equip- 
ment could be replaced by l a r g e r  ca- 
paci ty  equipment a gain i n  produc- 

b i 2 5 i i 
Annual output (million tons) 

t i v i t y  could s t i l l  be r e a l i z e d  by Fig.  13 - Annual output and produc t iv i ty  of 
increas ing t h e  s i z e  of t h e  operat ion I l l i n o i s  s t r i p  mines i n  1973. 
t o  over 2 mi l l ion  tons per year,  

Age of Operation 

As i s  t r u e  i n  underground mining, t h e  age of a s t r i p p i n g  operat ion 
adversely a f f e c t s  i t s  productivi ty.  The p r i n c i p a l  reason f o r  t h e  decl ine  i n  
product iv i ty  i s  t h e  increase  i n  s t r i p p i n g  r a t i o  t h a t  general ly occurs, es- 
pec ia l ly  where coal  seams a r e  inc l ined  o r  t h e  t e r r a i n  i s  somewhat rugged. I n  
addi t ion ,  t h e  haulage dis tance  from t h e  working face  t o  t h e  loading f a c i l i t y  
general ly lengthens as  mining goes on, which necess i t a t es  expenditure of man- 
hours t h a t  could otherwise be productive. 

0 Strip mlne 

Fig. 14 - Workers needed t o  produce each 
100,000 tons of coa l  from Illi- 
nois  s t r i p  mines, exclusive of 
o f f i c e ,  shop, Ioading dock, and 
prepara t ion  p l an t  workers. 
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Four s t r i p p i n g  operations f o r  
which t h e r e  had been no s i g n i f i c a n t  
change i n  mining equipment, i n  p i t  
loca t ion ,  o r  i n  ownership were se- 
l e c t e d  f o r  analys is  of influence of 
age on mine productivi ty.  The t rends  
i n  product iv i ty  of these  mines dur- 
ing  t h e i r  i n i t i a l  1 5  years of opera- 
t i o n  a r e  p l o t t e d  i n  f i g u r e  7. Pro- 
duc t iv i ty  of t h e  operat ions i s  high 
during t h e  i n i t i a l  5 t o  7 years when 
mining i s  primari ly concentrated i n  
areas with a low s t r i p p i n g  r a t i o  and 
equipment i s  new. However, once such 
areas  a r e  mined out and t h e  amount 
of time spent on equipment r epa i r s  
and i n  hauling coal  increased dis-  
tances ,  t h e  product iv i ty  of t h e  op- 
e ra t ions  declines,  
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Quality of F ina l  Product 

The q u a l i t y  of t h e  f i n a l  prod- 
u c t ,  l i k e  t h a t  of t h e  coal  produced 
by underground mining, influences 
t h e  repor t ed  productivi ty of an op- 
e ra t ion ,  According t o  t h e  U.S. Bur- 
eau of Mines, i n  1970 over 33 m i l -  
l i o n  tons ,  o r  about 86 percent of 
a l l  I l l i n o i s  s t r i p  mined coal ,  was 
mechanically cleaned. The extent  of 
coal  prepara t ion a t  each operat ion 
var ied ,  depending upon t h e  amount of 
extraneous mate r i a l  present  with t h e  
raw coa l  and on t h e  p a r t i c u l a r  use 
f o r  which t h e  coal  was prepared, I n  
general ,  a t  mines where a substan- 
t i a l  amount of coa l  was prepared t o  
meet t h e  i n d u s t r i a l  coal  market, o r  
where clay dikes o r  white-top were 
mined along with coal ,  t h e  amount of 
r e j e c t  ranged from 15 t o  40 percent. 
I n  operat ions t h a t  shipped coal  p r i -  
marily t o  u t i l i t y  companies and 
which produced coal  r e l a t i v e l y  f r e e  
from extraneous mate r i a l s ,  t h e  a- 
mount of r e j e c t  was only 7 t o  15 
per cent .  

. O \ 
1970 Production 
(million tons) 

Over 4 

2-3 
1-2 

x Less than 1 

5 10 5 20 25 30 40 50 

Mined material rejected (%) 

Fig. 15 - S t r i p  mine productivi ty i n  r e l a -  
t i o n  t o  the percentage of material  
rejected i n  1970. 

I n  f igure  15 t h e  percentage of mate r i a l  r e j ec ted  a t  severa l  opera- 
t i o n s  i s  cor re la ted  with mine productivi ty.  The r e s u l t s  obtained from t h i s  
co r re la t ion  a r e  not  s a t i s f a c t o r y ,  b u t ,  i n  general ,  t h e  da ta  seem t o  ind ica te  
a decl ine  i n  product iv i ty  as  r e j e c t  ma te r i a l  increases ,  The s i z e  of opera- 
t i o n  seems t o  have no cor re la t ion  with t h e  amount of mate r i a l  re jec ted .  Al -  
though t h e  l e v e l  of r e j e c t  ma te r i a l  seems t o  a f f e c t  productivi ty,  it does not 
necessar i ly  mean t h a t  operations repor t ing lower r a t i o s  of r e j e c t  t o  clean 
coal  a r e  more productive i n  terms of tons per man-day than operations report-  
ing  higher r a t i o s .  

E f f i c i e n t  Use of Equipment and Time 

The e f f i c iency  with which an operat ion uses i t s  avai lable  equipment 
influences productivi ty,  To i l l u s t r a t e  t h i s  influence t h e  following approach 
was used. F i r s t ,  t h e  t o t a l  production of a mine, as  reported t o  t h e  I l l i n o i s  
Department of Mines and Minerals, was converted i n t o  output per  day, based on 
t h e  nwnber of days t h e  mine operated during t h e  year. This l e v e l  of produc- 
t i o n  was then compared with t h e  designed capacity of the  operat ion,  according 
t o  t h e  f i g u r e s  given i n  t h e  Keystone Coal Industry Manual (1970 and 1973). The 
percentage of t h e  t o t a l  designed capacity used i n  a p a r t i c u l a r  year was then 
compared with t h e  product iv i ty  l e v e l  achieved f o r  t h a t  year. I n  t a b l e  5, da ta  
f o r  17  s t r i p  mines are  compared.. The da ta  show t h a t  t h e  decl ine  i n  e f f e c t i v e  
use of planned capacity general ly a f f e c t s  t h e  product iv i ty  of t h e  operation. 
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TABLE 5-PROPORTION O F  D E S I G N E D  CAPACITY USED AND I T S  E F F E C T  ON 

Mine 
code 

PRODUCTIVITY O F  ILL: 

1970 
Rated Actual Capacity 

capacity* productiont used9 Productivityx* 
, tons/day ) ( av tons/day ) % ( tons/man-day ) 

l O I S  S T R I P  MINES 

1973 
Rated Actual Capacity 

capacity* productiont used' Productivity** 
( tons/day) ( av tons/day ) ($ ) ( tons/man-day ) 

t I l l i n o i s  Department of Mines and Minerals,  Annual Report (1971, 1974). 
+ For some mines capaci ty  used i s  high because some of t he  coal  was shipped without being processed 

i n  a prepara t ion  p lant .  
** U.S. Bureau of Mines Safe ty  Analysis Center. 

+ Comparison of an operat ion's  produc- 
B t i v i t y  with i t s  capacity ( t a b l e  5 )  

a l s o  shows t h a t  l a r g e  operations 
genera l ly  achieve higher productiv- 
i t y  than smaller  ones, provided 
equipment i s  e f f i c i e n t l y  u t i l i z e d .  

A 1-2 
Less than 1 

160 I50 200 250 300 350 400 

Considering t h a t  t h e  number of 
s h i f t s  a  mine a c t i v e l y  operates in- 
fluences use of equipment, t h i s  use 

I of time should a l s o  have some e f f e c t  
A A 0 2  ' 

>A' A 
on mine product iv i ty .  To determine 

A 0 
0 whether t h e  v a r i a t i o n  i n  number of 

'A 

e/'  

s h i f t s  worked had any influence on 
mine product iv i ty ,  t h e  number of 8- 

/: 
hour s h i f t s  worked a t  individual  
s t r i p  mines i n  I l l i n o i s  i n  1973 was 
ca lcu la ted  as  follows : . 1973 Production . (million tons) Man-hours + number 

a Over 4 of working men x 1/8 
+ 3-4 
o 2-3 and was cor re la ted  with t h e  mine 

Number of shifts worked 

Fig. 16 - Produc t iv i ty  i n  r e l a t i o n  t o  num- 
ber  of s h i f t s  worked i n  I l l i n o i s  
s t r i p  mines i n  1973. 

product iv i ty  i n  1973 ( f i g .  16) .  The 
r e s u l t s  show a  d e f i n i t e  cor re la t ion ,  
ind ica t ing  t h a t  an increase  i n  num- 
b e r  of s h i f t s  improves t h e  produc- 
t i v i t y  of an operat ion.  The rea- 
sons why t h e r e  i s  a  v a r i a t i o n  i n  
number o f  s h i f t s  worked could be at-  
t r i b u t e d  t o  various f a c t o r s ,  includ- 



ing  the  s i z e  of t h e  market avai lable  t o  a mine, labor  problems a t  t h e  mine, 
a v a i l a b i l i t y  of mine ca r s ,  management philosophy, and equipment l imi ta t ions .  

CONCLUSI ONS 

From t h e  cor re la t ions  made of t h e  various f a c t o r s  t h a t  a r e  respon- 
s i b l e  f o r  the  wide range of product iv i ty  i n  I l l i n o i s  coal  mines, severa l  con- 
clusions regarding mine product iv i ty  can be drawn, 

( 1 )  I n  underground mining, a  d e f i n i t e  gain occurs i n  product iv i ty  
with an increase  i n  thickness of t h e  seam mined, However, t h i s  gain i n  pro- 
duc t iv i ty  l e v e l s  off  when t h e  coal  reaches about 72 inches. 

( 2 )  The product iv i ty  l e v e l  a  mine could achieve i s  s u b s t a n t i a l l y  
influenced by t h e  nature of t h e  roof and f l o o r  i n  t h e  mine, Depending upon 
t h e  extent  of bad roof i n  a mine, a  l o s s  of between 10 and 35 percent could 
occur i n  product iv i ty  i n  a yea r ' s  time. 

( 3 )  For underground mines, a  pos i t ive  cor re la t ion  e x i s t s  between 
t h e  a c t u a l  mine output and productivi ty.  The gain i n  product iv i ty  a t t r i b u t -  
able  t o  l e v e l  of output seems t o  l e v e l  of f  when mine output reaches 2 t o  3 
mi l l ion  tons per  year,  

(4) The cor re la t ion  between underground mine product iv i ty  and age 
of operat ion proved negative. Therefore, a decrease i n  product iv i ty  with age 
should genera l ly  be  expected, e spec ia l ly  a f t e r  t h e  i n i t i a l  5 t o  7 years of 
operation. 

( 5 )  I n  s t r i p  mining, t h e  r a t i o  of overburden t o  seam thickness 
( s t r i p p i n g  r a t i o )  has a negative cor re la t ion  with mine productivi ty.  A t  many 
I l l i n o i s  s t r i p  operat ions t h e  s t r i p p i n g  r a t i o  increases as t h e  mining opera- 
t i o n  proceeds. Because of t h i s  t r end  t h e  product iv i ty  of s t r i p  mines general ly 
decl ines  with age. 

( 6 )  The nature of overburden overlying t h e  coa l  seams i n  I l l i n o i s  
va r ies  widely from one region t o  another and i n  t u r n  a f f e c t s  mine productivi ty.  

( 7 )  I n  s t r i p  mining operat ions a p o s i t i v e  cor re la t ion  e x i s t s  between 
productive capacity of t h e  operat ion and i t s  productivi ty.  Unlike product iv i ty  
of underground mines, however, t h e  product iv i ty  of s t r i p  mines continues t o  in-  
crease  with t h e  increase  i n  l e v e l  of output ,  a t  l e a s t  up t o  a l e v e l  of 6 mi l l ion  
tons per  year ,  I n  general ,  t h e  gain i n  product iv i ty  r e a l i z e d  per  u n i t  of in- 
crease i n  output i s  somewhat higher i n  s t r i p  mining than i n  underground mining, 

( 8 )  I n  both underground and s t r i p  mining, t h e  degree of preparat ion 
coa l  receives  before  it i s  shipped t o  consumers has a negative cor re la t ion  with 
mine product iv i ty ,  Because t h e  prepara t ion t h a t  coal  receives  a r t i f i c i a l l y  re- 
duces operat ion product iv i ty ,  a  high pqoductivi ty l e v e l  achieved by a mine 
shipping raw coa l  does not necessar i ly  mean t h a t  the '  operat ion i s  more produc- 
t i v e  than operat ions of s i m i l a r  s i z e  t h a t  s h i p  coal  of me ta l lu rg ica l  o r  indus- 
t r i a l  grade, 



( 9 )  The eff ic iency with which avai lable  equipment and time a r e  used 
a l s o  influences mine productivi ty.  I n  underground mining, any increase  i n  out- 
put over 450 tons of coal  per  mining u n i t  per  s h i f t  adds t o  mine productivi ty.  
I n  s t r i p  mining t h e  extent  t o  which t h e  operat ion's  planned capacity i s  used 
has a s u b s t a n t i a l  e f f e c t  on mine product iv i ty ,  
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