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PREFACE 

W e  w i l l  conduct  i n v e s t i g a t i o n s  on problems connec ted  
w i t h  t h e  d e s i g n  o f  o r g a n i z a t i o n s  i n  t h e  mining i n d u s t r y .  T h i s  
work c o u l d  be t r e a t e d  a s  a  c a s e  s t u d y  f o r  IIASA's program, Coal  - 
I s s u e s  f o r  t h e  E i g h t i e s .  But w e  must  g e t  o t h e r  c o u n t r i e s  t o  
d e a l  w i t h  s i m i l a r  s t u d i e s  a s  w e l l .  I t  would be  v e r y  f r u i t f u l  
i f  t h e s e  s t u d i e s  were developed on t h e  b a s i s  o f  common methods 
t h a t  c o u l d  be worked o u t  d u r i n g  o u r  c o o p e r a t i o n  i n  t h i s  f i e l d  
a t  IIASA. I t  i s  hoped t h a t  t h i s  c o o p e r a t i o n  w i l l  g i v e  a  common 
base  f o r  answer ing q u e s t i o n s  d i r e c t l y  connec ted  w i t h  Coal - 
I s s u e s  f o r  t h e  E i g h t i e s .  

I n  t h i s  p a p e r ,  w e  w i l l  d e s c r i b e  o u r  i n t e r e s t  i n  working on 
t h e s e  problems w i t h i n  IIASA's program. 
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SELECTED PROBLEMS AND RESEARCH m T H O D S  
OF THE POLISH M I N I N G  INDUSTRY RELEVANT 
TO THE I I A S A  COAL STUDY 

J. Stachowicz,  W .  Zakomy, and 
J. Bendkowski 

INTRODUCTION 

P a r t i c u l a r  impor tance  i s  g iven  t o  mining r e s e a r c h  and d e s i g n  
i n  t h e  P o l i s h  economy. A s  a  r e s u l t ,  t h e  M i n i s t r y  o f  Mining was 
e s p e c i a l l y  i n t e r e s t e d  i n  IIASA's r e s e a r c h  d e a l i n g  w i t h  t h e  prob- 
l e m s  of  world c o a l  mining development.  W e  exp re s sed  o u r  i n t e r e s t  
i n  t h e  IIASA work by h e l p i n g  t h e  Management and Technology Area 
(MMT) w i t h  d e c i s i o n s  concern ing  t h e  d e s i g n  and purpose  o f  t h e  
proposed r e s e a r c h .  

Because it was impor t an t  t h a t  M r .  R .  Tomlinson be  f a m i l i a r  
w i t h  t h e  P o l i s h  mining i n d u s t r y ,  w e  schedu led  working mee t ings  
f o r  him wi th  l e a d e r s  o f  a l l  l e v e l s  o f  management, i n c l u d i n g  t h e  
Min i s t r y .  T h i s  paper  i s  gea r ed  toward M r .  Tomlinson 's  p a r t i c u l a r  
i n t e r e s t s :  r e s e a r c h  on  management sys tems and compu te r i z a t i on .  

Mining s p e c i a l i s t s  th roughout  t h e  wor ld  r e c o g n i z e  t h e  ach ieve-  
ments made by t h e  P o l i s y  mining i n d u s t r y .  P a r t i c u l a r l y  n o t a b l e  
a r e  t h e  c o n t r i b u t i o n s  o f  t h e  P o l i s h  School  o f  Designing,  a s  it 
has  come t o  be known, i n  t h e  a r e a  o f  mine de s ign .  Other  impor t an t  
advances have been made i n  work s a f e t y ,  r heo logy ,  p r e v e n t i o n  o f  
rock b u r s t ,  and e s p e c i a l l y  i n  t h e  development o f  a  t e c h n i q u e  t o  
e x t r a c t  c o a l  from t h e  s u p p o r t  p i l l a r s  t h a t  l i e  benea th  hous ing  
developments and towns ( abou t  50 p e r c e n t  o f  P o l a n d ' s  c o a l  i s  cu r -  
r e n t l y  o b t a i n e d  from t h e s e  p i l l a r s ) .  However, f u r t h e r  r e s e a r c h  
i n  s e v e r a l  a r e a s  w i l l  be  r e q u i r e d  t o  a s s u r e  t h e  p lanned develop-  
ment o f  o u r  mining i n d u s t r y .  S p e c i f i c a l l y ,  t h i s  i n v o l v e s  re- 
s e a r c h  on t e c h n o l o g i c a l  and o r g a n i z a t i o n a l  p r o g r e s s ,  a d a p t i n g  t o  
t h e  v a r i e d  g e o l o g i c a l  c o n d i t i o n s  encounte red  i n  mining,  and t h e  
economics o f  d e p o s i t  e x p l o i t a t i o n  u s i n g  improved t e c h n o l o g i e s .  



The r e s e a r c h  and development (RGD) program o f  t h e  P o l i s h  
Mining I n d u s t r y  f o r  t h e  y e a r s  1976 t o  1985 can be d i v i d e d  i n t o  
s i x  b a s i c  groups:  

( 1 )  F o r e c a s t i n g  t h e  growth o f  t h e  mining i n d u s t r y  i n  t h e  
n e x t  25 y e a r s  i n  l i g h t  o f  bo th  t h e  i n c r e a s i n g  c o s t  o f  
c o a l  e x t r a c t i o n  and i n c r e a s e d  energy needs.  

(2 ) Development o f  g u i d e l i n e s  f o r  worker s a f e t y .  

( 3 )  Research i n t o  improved mining technology.  

( 4 )  Research i n t o  t h e  problems o f  c o a l  u t i l i z a t i o n .  

( 5 )  Environmental  p r o t e c t i o n ,  p a r t i c u l a r l y  i n  connec t ion  
w i t h  mine was te  m a t e r i a l s ,  secondary m i n e r a l s ,  and mine 
wate r .  

( 6 )  Research d e a l i n g  w i t h  management o r g a n i z a t i o n  and mining 
economics. 

Seve ra l  o f  t h e s e  problems r e l a t e  d i r e c t l y  t o  t o p i c s  covered  i n  
t h e  MMT c o a l  s tudy .  T h i s  s t u d y  recommends t h e  use  o f  an  i n t e -  
g r a t e d ,  sys tems a n a l y s i s  approach t o  p r epa re  f o r  t h e  problems 
which w i l l  a r i s e  due t o  i n c r e a s e d  c o a l  demand. Based on o u r  p re -  
v i o u s  f i n d i n g s ,  p a r t i c u l a r l y  from r e s e a r c h  on t h e  more u t i l i t a r -  
i a n  problems i n  c o a l  mining,  w e  f u l l y  suppo r t  t h i s  view. 

OVERVIEW OF THE POLISH M I N I N G  INDUSTRY 

P o l a n d ' s  mining i n d u s t r y  i s  comprised o f  65 mines and employs 
about  380 thousand people .  The mines  can  be  grouped i n t o  seven 
"unions" ,  o r  areas. Six o f  t h e s e  un ions ,  each  c o n t a i n i n g  t e n  
mines,  a r e  l o c a t e d  i n  t h e  Lower S i l e s i a n  Coal  Basin.  

S ince  t h e  Second World War, c o a l  o u t p u t  i n  Poland h a s  r i s e n  
s t e a d i l y .  From 1970 t o  1977, p roduc t i on  h a s  i n c r e a s e d  from 140 
m i l l i o n  t o n s  t o  186 m i l l i o n  t o n s ,  w i t h  an ave rage  annua l  i n c r e -  
ment o f  6.6 m i l l i o n  t o n s .  More and more mines have a d a i l y  o u t -  
p u t  exceeding 35 thousand t o n s .  S e v e r a l  f a c t o r s  c o n t r i b u t e  t o  
t h i s  s t e a d y  i n c r e a s e  i n  p roduc t ion .  F i r s t  o f  a l l ,  o l d e r  mines ,  
and even some o f  t h e  newer ones ,  a r e  i n  t h e  p r o c e s s  o f  be ing  re- 
novated.  The r e o r g a n i z a t i o n  o f  t h e  o l d e r  mines i n t o  l a r g e r ,  more 
e f f i c i e n t  p roduc t i on  h a s  a l s o  produced f a v o r a b l e  r e s u l t s .  F i n a l -  
l y ,  by i n c r e a s i n g  mechan iza t ion  i n  t h e  mining p r o c e s s ,  w e  have 
been a b l e  t o  i n c r e a s e  t h e  o u t p u t  o f  a  s i n g l e  f a c e  cons ide rab ly .  
For example, between 1970 and 1977 t h e  average  d a i l y  o u t p u t  from 
a  longwal l  f a c e  w i t h  cav ing  i n c r e a s e d  from 600 t o  1000 t o n s  p e r  
day;  t h e  o u t p u t  from a s i n g l e  p roduc t i on  l e v e l  r o s e  from 2300 t o  
4000 t o n s  a day d u r i n g  t h i s  same p e r i o d .  Nine ty- f ive  p e r c e n t  o f  
t h e  mining p roduc t i on  p r o c e s s  a long  f a c e s ,  p a r t i c u l a r l y  longwal l  
f a c e s ,  can be mechanized. Today 60 p e r c e n t  o f  Po l and ' s  c o a l  o u t -  
p u t  comes from f a c e s  w i t h  mechanized s u p p o r t ,  w i t h  t h e  number o f  
mechanized f a c e s  i n c r e a s i n g  r a p i d l y .  

A s  Po l and ' s  c o a l  p roduc t i on  i n c r e a s e d ,  and t h e  e a s i l y -  
a c c e s s i b l e  c o a l  mined, it became neces sa ry  t o  excava t e  under i n -  
c r e a s i n g l y  d i f f i c u l t  mining c o n d i t i o n s .  The un favo rab l e  mining 



and g e o l o g i c a l  c o n d i t i o n s ,  and t h e  i n c r e a s e d  r i s k  i n v o l v e d ,  are 
r e f l e c t e d  i n  t h e s e  s t a t i s t i c s  f o r  t h e  p e r i o d  between 1970 and 
1977: 

-- The a v e r a g e  e x c a v a t i o n  d e p t h  i n c r e a s e d  from 413 t o  491 
meters; 

-- Output  from d e p t h s  g r e a t e r  t h a n . 7 0 0  m e t e r s  r o s e  from 
3.7 p e r c e n t  t o  15.8 p e r c e n t ;  

-- Output  from g a s s y  seams i n c r e a s e d  from 40.7 p e r c e n t  t o  
48.9 p e r c e n t ;  

-- Output  from mines  where t h e  danger  o f  r o c k  b u r s t  e x i s t s  
r o s e  from 38.8 p e r c e n t  t o  51.8 p e r c e n t ;  and  

-- Output  from s u p p o r t  p i l l a r s  i n c r e a s e d  from 40.6 p e r c e n t  
t o  54.9 p e r c e n t .  

F o r e c a s t s  o f  c o a l  p r o d u c t i o n  f o r  t h e  1 9 8 0 ' s  p r e d i c t  even 
f u r t h e r  i n c r e a s e s  i n  o u t p u t ,  a l t h o u g h  a c o r r e s p o n d i n g  i n c r e a s e  
i n  employment w i l l  be l i m i t e d .  I n  1980, Poland s h o u l d  produce  
210 m i l l i o n  t o n s  o f  c o a l ;  240 m i l l i o n  t o n s  i s  p r e d i c t e d  f o r  1985. 
I t  i s  a n t i c i p a t e d  t h a t  i n c r e a s i n g l y  d i f f i c u l t - t o - r e a c h  c o a l  w i l l  
have t o  be mined t o  a c h i e v e  t h i s  i n c r e a s e ,  w i t h  t h e  accompanying 
problems o f  a i r - c o n d i t i o n i n g ,  rock  b u r s t ,  e tc .  

The P o l i s h  c o a l  i n d u s t r y  r e c e i v e s  s u p p o r t  n o t  o n l y  from t h e  
s c i e n t i f i c  and r e s e a r c h  community, b u t  a l s o  from r e l a t e d  s e r v i c e  
i n d u s t r i e s .  For  example,  t h e  mining machinery  u n i o n ,  made up o f  
a b o u t  twenty  f a c t o r i e s ,  p roduces  t h e  modern mining equipment  es- 
s e n t i a l  f o r  i n c r e a s e d  c o a l  p r o d u c t i o n .  Inves tment  s t r a t e g i e s  
f o r  t h e  e n t i r e  c o a l  i n d u s t r y  are d e c i d e d  upon by s p e c i a l i z e d  
o r g a n i z a t i o n s  w i t h i n  t h e  mine c o n s t r u c t i o n  union and t h e  c o a l  
i n d u s t r y  c o n s t r u c t i o n  assembly union.  

Thus, t h e  c o a l  i n d u s t r y  i s  s u p p o r t e d  by an  i n t e g r a t e d  system 
o f  s p e c i a l i z e d  s u p p o r t  s e r v i c e s .  A s  a r e s u l t ,  t h e  f o l l o w i n g  
c e n t r a l i z e d  a c t i v i t i e s  are performed f o r  t h e  whole i n d u s t r y :  

-- c o a l  sales,  
-- mine t imber  s u p p l y ,  
-- e x p l o i t a t i o n  and su?ply  o f  s towing  sand t o  t h e  mines ,  
-- s u p p l y  o f  o t h e r  materials .  

The f o l l o w i n g  i n s t i t u t i o n s  c o n t r i b u t e  t o  r e s e a r c h  and d e s i g n  
f o r  t h e  P o l i s h  mining i n d u s t r y :  

-- The C e n t r a l  Mining I n s t i t u t e  ( G I G ) ;  

-- The Computer I n s t i t u t e  o f  t h e  Mining I n d u s t r y  ( C O I G ) ;  

-- The Chief  Mining S t u d i e s  and ~ e s i g n  O f f i c e  (.GBSiPG); 

-- The Research  and Design C e n t e r  f o r  M i n e r a l s  P r o c e s s i n g  
and U t i l i z a t i o n  (SEPARATOR) ; 

-- The C e n t r a l  D e s i g n i n g - - T e c h n o l o g i c a l  C e n t e r  f o r  t h e  
Mining Machinery I n d u s t r y ,  (ORTEM) ; 



-- The C e n t r a l  Designing--Const ruct ional  Cen t e r  f o r  Mining 
( KOMAG ) ; 

-- The Research C e n t e r  f o r  Mining C o n s t r u c t i o n s  (OBRPW);  

and 
-- The "BUDOKOP" Research Cen t e r .  T h i s  i n s t i t u t i o n  h e l p s  

s o l v e  problems connected  w i t h  t h e  d e s i g n  o f  new techno- 
l o q i e s ,  worker s a f e t y ,  and env i ronmenta l  p r o t e c t i o n .  

According t o  what w e  s a i d  b e f o r e ,  t h e  problems connected  
w i t h  o r g a n i z a t i o n a l  and management a s p e c t s  o f  t h e  mining i n d u s t r y  
a r e  o f  s p e c i a l  i n t e r e s t  t o  u s .  To accompl ish  t h e  r e s e a r c h  d e a l -  
i n g  w i th  management o r g a n i z a t i o n  and mining economics w e  would 
l i k e  t o  u t i l i z e  a methodolog ica l  p rocedure  f o r  a n a l y s e s  t h a t  h a s  
been proposed i n  a background pape r  f o r  t h e  Coal  Task Force Meet- 
i ng .  Th i s  i s  shown i n  F igu re  1 by means o f  s o l i d  l i n e s .  For  
t h i s  purpose  w e  p ropose  an a d d i t i o n a l  branch ( s i g n i f i e d  by dashed 
l i n e s  i n  F i g u r e  1 )  a s  a complement o f  t h i s  methodolog ica l  proce-  
d u r e .  

THE PURPOSE AND METHODS OF THE PROPOSED RESEARCH 
(See Attachment 1 ,  Proposed Research Top i c s )  

Topic 1--Systems Approach t o  Mining I n d u s t r y  Development 

Topic  1 d e a l s  w i t h  t h e  t h e o r e t i c a l  and methodolog ica l  a s p e c t s  
invo lved  i n  p l ann ing  t h e  development o f  t h e  mining i n d u s t r y .  A 
s p e c i a l  emphasis  w i l l  be p l aced  on t h e  sys tems  approach,  which 
i n t e g r a t e s  s c i e n t i f i c ,  t e c h n i c a l  and o r g a n i z a t i o n a l  development.  
Many of  t h e  assumpt ions  o f  t h i s  approach have been developed a t  
IIASA. 

S e c t i o n  1.1 d e a l s  w i t h  t h e  methodology o f  moderniz ing and 
d e s i g n i n g  management sys tems  i n  t h e  mining i n -  
d u s t r y .  

S e c t i o n  1 . 2  i n v o l v e s  a s t u d y  t o  de te rmine  t h e  r e l a t i o n s h i p  
between t h e  s i z e  o f  t h e  economic u n i t  and i t s  
p roduc t i on  e f f e c t i v e n e s s .  

Background and Purpose of t h e  Study 

The fo l l owing  c o n d i t i o n s  w i l l  shape  t h e  f u t u r e  development 
o f  t h e  mining i n d u s t r y :  

-- t h e  world economy w i l l  shape  c o a l  demand t r e n d s ;  

-- it w i l l  become n e c e s s a r y  t o  i n t e g r a t e  c o a l  e x p l o i t a t i o n  
and u t i l i z a t i o n  on a g l o b a l  s c a l e ;  

-- mining and g e o l o g i c a l  c o n d i t i o n s  w i l l  c o n t i n u e  t o  worsen; 

-- fewer peop le  w i l l  be w i l l i n g  t o  work i n  c o a l  mines ;  

-- t h e r e  w i l l  be i n c r e a s e d  compe t i t i on  from o t h e r  raw mate- 
r i a l s  ( f u e l s )  ; 
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-- l e g a l  r e s t r i c t i o n s  ( e . g . ,  r i g o r o u s  env i ronmenta l  p r o t e c -  
t i o n  r u l e s )  w i l l  c o n t i n u e  t o  i n f l u e n c e  mining develop-  
ment.  

Fu tu r e  management sys tems  i n  t h e  mining i n d u s t r y  w i l l  have 
t o  be des igned  w i t h  t h e s e  c o n d i t i o n s  i n  mind. T h e r e f o r e ,  a  set  
o f  g e n e r a l  p r i n c i p l e s  needs  t o  be developed t h a t  can  s e r v e  a s  a  
b a s i s  f o r  management d e s i g n .  These p r i n c i p l e s  shou ld  be s c i e n t i f -  
i c a l l y  proven,  y e t  p r a c t i c a l .  

S p e c i f i c a l l y ,  t h e  f o r m u l a t i o n  o f  t h e s e  p r i n c i p l e s  r e q u i r e s  
answers t o  s e v e r a l m o r e  d e t a i l e d ,  p r a c t i c a l  problems:  

-- How t o  d e s i g n  t h e  management sys tems  f o r  f u t u r e  p lanned 
mining b a s i n s ;  

-- How t o  modernize  e x i s t i n g  management sys tems ;  

-- How t o  c r e a t e  a  c l i m a t e  conducive  t o  e f f e c t i v e  computer 
u se  w i t h i n  t h e  mining i n d u s t r y ;  

-- How t o  improve t h e  decision-making p r o c e s s  i n  t h e  mining 
i n d u s t r y ,  based on p r a c t i c a l  f i n d i n g s  i n  o p e r a t i o n s  re- 
s e a r c h ,  psychology,  e tc .  

I t  shou ld  be  s t r e s s e d  t h a t  c o o p e r a t i v e  i n v e s t i g a t i o n s  and exchang- 
i n g  o f  e x p e r i e n c e s  a r e  needed f o r  s o l v i n g  t h e  above q u e s t i o n s  and 
a  b a s i s  f o r  t h i s  shou ld  be a  comparat ive  and p r o g n o s t i c  s t udy .  

Coal Mining i s  P a r t i c u l a r l y  Approp r i a t e  f o r  Both P r o g n o s t i c  
and R e t r o s p e c t i v e  Research.  The c o a l  mining i n d u s t r y  h a s  deve l -  
oped worldwide o v e r  a  l o n s  ~ e r i o d  o f  t i m e ,  under  a  v a r i e t y  o f  
c o n d i t i o n s .  Even mining technology is  n o t  uni form-- there-can be 
such a  g r e a t  g e o l o g i c a l  v a r i a b i l i t y  between b a s i n s ,  o r  even  w i t h i n  
one  b a s i n  o r  mine,  t h a t  d i f f e r e n t  mining t e c h n i q u e s  and t echno lo-  
g i e s  a r e  r e q u i r e d .  I n  a d d i t i o n ,  t h e  n a t u r e  o f  c o a l  mining v a r i e s  
by coun t ry ,  and even by c o a l  r e g i o n ,  s o  t h a t  c o a l  mining u n i t s  
f u n c t i o n  under q u i t e  d i f f e r e n t  c o n d i t i o n s .  For  example: 

-- There  i s  a  v a r i e d  f low o f  manpower i n t o  t h e  mining i n -  
dus  t r y .  

-- The s o c i a l  o r  c u l t u r a l  c o n t e x t  under which mines o p e r a t e  
a l s o  v a r i e s .  

-- There  a r e  d i f f e r e n t  l i n k s  between t h e  c o a l  i n d u s t r y  and 
o t h e r  s e c t o r s  o f  t h e  n a t i o n a l  economy. T h i s  r a i s e s  t h e  
p o s s i b i l i t y  o f  i ncompa t ib l e  equipment and m a t e r i a l s  
(and,  t h e r e f o r e ,  r e p a i r s ) ,  between sys tems.  

There  a r e  two o t h e r  c h a r a c t e r i s t i c s  o f  t h e  c o a l  i n d u s t r y  
t h a t  make it impor t an t  f o r  s t u d y :  

( 1 )  Mining o p e r a t i o n s  must  proceed i n  v a r i a b l e  and unknown 
rock  masses .  

( 2 )  The mining i n d u s t r y  p l a y s  a  c e n t r a l  r o l e  i n  t h e  o v e r a l l  
n a t i o n a l  economy. That  is :  



-- I t  i s  impor t an t  f o r  o t h e r  p r o c e s s i n g  i n d u s t r i e s ;  

-- S e t t l e m e n t s  can deve lop  t h a t  a r e  t o t a l l y  dependent  
on c o a l  mining.  

Because o f  t h e  complexi ty  o f  t h i s  i n d u s t r y  and t h e  g r e a t  
v a r i e t y  o f  c o n d i t i o n s  under which it f u n c t i o n s  (and a l l  t h e  f a c -  
t o r s  l i s t e d  a b o v e ) ,  t h e  u se  o f  sys tems a n a l y s i s  i s  p a r t i c u l a r l y  
a p p r o p r i a t e  f o r  t h i s  r e s e a r c h .  

Research Goals  

I n  t h e  c o u r s e  o f  r e s e a r c h  on t h i s  p r o p o s a l ,  we i n t e n d  t o  
complete t h e  fo l l owing  s t e p s :  

( 1 )  A compara t ive  a n a l y s i s  o f  d i f f e r e n t  management l e v e l s  
i n  c o a l  mining u n i t s  and o t h e r  economic u n i t s  working 
f o r  t h e  mining i n d u s t r y .  Th i s  a n a l y s i s  w i l l  employ a  
uniform r e s e a r c h  method, d i s c u s s e d  below. 

( 2 )  P r e d i c t i o n s  o f  o p t i m a l  o p e r a t i n g  s t a n d a r d s  f o r  c o a l  
mines based on a  c a t e g o r i z a t i o n  o f  t h e  mines i n t o  homo- 
geneous g roups .  

( 3 )  By s y n t h e s i z i n g  t h e  r e s u l t s  o f  s t e p s  (1 ) and ( 2 )  , w e  
can c o n t r i b u t e  t o  sys tems  s t u d i e s  r e l e v a n h  t o  t h e  f o l -  
lowing d i s c i p l e s  : 
-- o r g a n i z a t i o n  and economics o f  t h e  mining i n d u s t r y ,  
-- management o r g a n i z a t i o n ;  
-- d e s i g n i n g  i n t e g r a t e d  mining p l a n t s .  

P o i n t  number ( 3 )  shou ld  b e  exp l a ined  i n  more d e t a i l .  Given 
t h e  b a s i c  d i f f e r e n c e s  between c a p i t a l i s t i c  and s o c i a l i s t i c  eco- 
nomies, and t h e  v a r i e d  p h i l o s o p h i e s  and methodolog ies  t h a t  make 
up o r g a n i z a t i o n  and management t h e o r y ,  w e  c anno t  exwect t o  deve lop  
one d e f i n i t e  and compact t h e o r y  o f  o r g a n i z a t i o n .  However, o u r  
r e s e a r c h  can c o n t r i b u t e  t o  t h e  development o f  g e n e r a l  r u l e s  o f  
o r g a n i z a t i o n a l  development;  i . e . ,  t h e  c o n d i t i o n s  t h a t  de te rmine  
o r g a n i z a t i o n a l  development,  f u n c t i o n i n g ,  s i z e ,  e t c .  Very good 
examples o f  p r e v i o u s  r e s e a r c h  on  t h i s  t o p i c  i n c l u d e  work by 
T. Ko t a rb in sk i  (1969) and J . G .  M i l l e r  ( 1969) .  

O the r  work, by b o t h  P r o f e s s o r  D. Gwisz ian i  and t h e  members 
o f  o u r  r e s e a r c h  team, can  p rov ide  t h e  t h e o r e t i c a l  b a s i s  nece s sa ry  
f o r  deve lop ing  such g e n e r a l  p r i n c i p l e s .  T h i s  approach d i f f e r s  
from t h e  " s i t u a t i o n a l "  o r g a n i z a t i o n  t h e o r i e s .  There  a r e  many 
f e a t u r e s  of  mines ,  un ions ,  and r e l a t e d  e n t e r p r i s e s  t h a t  a r e  com- 
mon a c r o s s  c o u n t r i e s .  I t  i s  f o r  t h i s  r e a s o n  t h a t  w e  hope i n  t h e  
f u t u r e  t o  deve lop  a  l a r g e  se t  o f  i n t e g r a t e d  p r i n c i p l e s  and models 
f o r  d e s i g n i n g  and improving management sys tems .  T h i s  work w i l l  
a l s o  p rov ide  t h e  o p p o r t u n i t y  t o  compare f i n d i n g s  and exchange 
expe r i ence s .  



Research  Method 

The r e s e a r c h  w i l l  p roceed by r e v i e w i n g  t h e  r e s e a r c h  c u r r e n t l y  
be ing  done on mode l l ing  t h e  development  and f u n c t i o n i n g  o f  indus -  
t r i a l  o r g a n i z a t i o n s .  

More s p e c i f i c a l l y ,  t h i s  i n v o l v e s :  

( a )  A comparison o f  t h e  c u r r e n t  t h e o r i e s  d e s c r i b i n g  t h e  de-  
velopment  o f  management sys tems a t  t h e  e n t e r p r i s e  and 
union l e v e l .  

(b )  A s i m i l a r  comparison and e v a l u a t i o n  o f  management sys tems  
i n  t h e  c o a l  i n d u s t r y .  

Research  conducted  a t  IIASA p r o v i d e s  a  u s e f u l  framework f o r  
comparisons o f  t h i s  s o r t .  I n  a  r e c e n t  IIASA C o l l a b o r a t i v e  Paper ,  
Dobrov, McManus and S t r a s z a k  (1979) d e v e l o p  t h e  "S-IOT" p r i n c i 2 l e  
( S y s t e m s - ~ n t e g r a t e d  Organized Technology) . T h i s  c o n c e p t  p r o v i d e s  
a  c l e a r  m e t h o d o l o g i c a l  b a s e  f o r  a n a l y z i n g  t h e  dependenc ies  between 
o r g a n i z a t i o n  and management s c i e n c e ,  and,  on  a  more p r a c t i c a l  
l e v e l ,  t h e  l i n k s  between t e c h n i c a l  and economic s y s t e m s .  The 
a u t h o r s  i d e n t i f y  t h r e e  components o f  t e c h n o l o g i c a l  sys tems :  

( 1 )  Software--programs, a l g o r i t h m s ,  e t c .  

( 2 )  Hardware--computers; t e c h n i c a l  equipment .  

( 3 )  Orgware--a s e t  o f  o r g a n i z a t i o n a l  a r rangements  t h a t  u s e s  
human, i n s t i t u t i o n a l  and t e c h n i c a l  f a c t o r s  t o  
s u p p o r t  t h e  i n t e r a c t i o n  o f  t e c h n o l o g y  and ex- 
t e r n a l  sys tems .  On t h e  macro l e v e l ,  orgware  
encompasses economic and l e g a l  r e g u l a t i o n s  
( e . g . ,  p r i c e s ;  t a x  s y s t e m s ) ;  on t h e  o p e r a t i v e  
l e v e l ,  it i n c l u d e s  management p r o c e d u r e s ,  man- 
power t r a i n i n g ,  and t h e  o r g a n i z a t i o n a l  climate. 

The a u t h o r s  stress t h e  impor tance  o f  i n t e g r a t i n g  a l l  t h r e e  com- 
ponen t s  i n  t e c h n i c a l  sys tems ;  orgware  shou ld  be an  i n t e g r a l  p a r t  
of  t h e  sys tem,  n o t  e x t e r n a l  t o  it. S p e c i f i c a l l y ,  t h e  a u t h o r s  
e n v i s i o n  management sys tems  t h a t  would e n s u r e  t h e  f o l l o w i n g :  

-- P o s i t i v e  a t t i t u d e  o f  t h e  management s t a f f  toward innova-  
t i o n ;  

-- F u l l  u s e  o f  t h e  knowledge and s k i l l s  a v a i l a b l e  i n  t h e  
sys tem.  

The a u t h o r s  a l s o  f a v o r  g r e a t  f l e x i b i l i t y  i n  t h e  o r g a n i z a t i o n a l  
s t r u c t u r e  o f  management sys tems .  

I n  o u r  o p i n i o n ,  t h e  S-IOT c o n c e p t  r e q u i r e s  t h e o r e t i c a l  i m -  
provement.  I t  s h o u l d  be  more d e t a i l e d ;  t h a t  i s ,  t h e  b a s i c  c o m -  
p o n e n t s  o f  a  t e c h n o l o g i c a l  sys tem need t o  b e  f u r t h e r  d i f f e r e n t i -  
a t e d  i n t o  more p a r t i c u l a r  e l e m e n t s .  A l s o ,  "orgware"  shou ld  be 
more p r e c i s e l y  d e f i n e d  i n  t e r m s  o f  t h e  p r i n c i p l e s  t h a t  have a l -  
r eady  been developed i n  management o r g a n i z a t i o n  t h e o r y .  



The g e n e r a l  ph i losophy  o f  t h i s  approach a r i s e s  from t h e  e f -  
f e c t i v e  a c t i v i t y  o f  p r a x i o l o g i c a l  d i r e c t i v e s  ( K o t a r b i n s k i  1 9 6 9 ) .  

Data C o l l e c t i o n  

Data  needs  t o  be c o l l e c t e d  t h a t  w i l l  b e  used  t o  deve lop  nu- 
merous d e s c r i p t i v e  p a r a m e t e r s .  These p a r a m e t e r s  d e s c r i b e  v a r i o u s  
a s p e c t s  o f  t h e  economic u n i t s  w i t h i n  t h e  mining i n d u s t r y  (mines ,  
u n i o n s ) ,  such  a s  t h e  t e c h n o l o g i c a l  and o r g a n i z a t i o n a l  l e v e l  o f  
t h e  u n i t ,  t h e  mining t e c h n i q u e  i n v o l v e d ,  and t h e  i n t e r n a l  and 
e x t e r n a l  c o n d i t i o n s  under  which t h e  u n i t  o p e r a t e s .  These d a t a  
can be l a t e r  amended t h r o u g h  i n t e r v i e w s ,  q u e s t i o n n a i r e s ,  d i s c u s -  
s i o n s ,  etc.  

The e x a c t  n a t u r e  o f  t h e s e  d a t a  can be a d a p t e d  t o  fit t h e  
needs  and t h e  e x i s t i n g  s t a t i s t i c s  o f  d i f f e r e n t  c o u n t r i e s .  These 
measurements a r e  u s u a l l y  a g g r e g a t e d .  F u r t h e r  c h a r a c t e r i z a t i o n  
o f  t h e  mines  w i l l  r e q u i r e  supplementary  s t u d i e s  d e a l i n g  w i t h :  

-- E x t e r n a l  d i s t u r b a n c e s ,  and how t h e  sys tem r e a c t s  t o  them. 

-- The o r g a n i z a t i o n a l  m i l i e u  i n  t h e  mine. T h i s  s p e c i f i c a l l y  
c o n c e r n s  how dec i s ion-makers  r e a c t  t o  d i f f e r e n t  s i t u a -  
t i o n s .  

-- I n t e r n a l  d i s t u r b a n c e s .  

-- I n f o r m a t i o n  d i s s e m i n a t i o n .  

-- The decis ion-making p r o c e s s ,  e s p e c i a l l y  r e g a r d i n g  t h e  
l e v e l  a t  which d e c i s i o n s  a r e  made. 

-- O r g a n i z a t i o n a l  s t r u c t u r e .  

-- D i s f u n c t i o n .  

W e  have r e c e n t l y  completed p i l o t  s t u d i e s  i n  Poland t h a t  
d e a l t  w i t h  s e v e r a l  o f  t h e s e  t o p i c s .  The s t u d i e s  w e r e  d e s i g n e d  
t o  g e n e r a t e  s u f f i c i e n t  d a t a  f o r  f u r t h e r  r e s e a r c h ,  and w e r e  con- 
d u c t e d  i n  two u n i o n s  w i t h  s e v e r a l  mines ,  and  i n  o t h e r  economic 
u n i t s  r e l a t e d  t o  t h e  mining i n d u s t r y .  Data w e r e  g a t h e r e d  from 
s t a n d a r d i z e d  i n t e r v i e w s  and q u e s t i o n n a i r e s  s e n t  t o  d e c i s i o n -  
makers i n  a l l  l e v e l s  o f  management. The q u e s t i o n s  concerned:  

-- The p r o d u c t i o n  p r o c e s s ,  t h e  decis ion-making p r o c e s s ,  
and t h e  i n f o r m a t i o n  d i s s e m i n a t i o n  p r o c e s s  a t  b o t h  t h e  
mine and union l e v e l s .  

-- The l i n k a g e s  c o n n e c t i n g  t h e s e  p r o c e s s e s .  

-- The t y p e s  o f  i n f o r m a t i o n  used i n  t h e  decis ion-making 
p r o c e s s .  

-- The f u n c t i o n  o f  t h e  computer sys tem and a n  e v a l u a t i o n  
o f  t h e  i n f o r m a t i o n  s t o r e d  t h e r e .  

T h i s  y e a r  w e  w i l l  expand t h i s  r e s e a r c h  by s t u d y i n g  t h e  o r g a n i z a -  
t i o n a l  c l i m a t e  i n  t h e  mining sys tem,  and by i n v e s t i g a t i n g  sys tem 
d i s t u r b a n c e s  from b o t h  i n t e r n a l  and e x t e r n a l  s o u r c e s  and methods 
t o  e l i m i n a t e  t h e s e  d i s t u r b a n c e s .  T h i r t y  mines  w i l l  be  i n c l u d e d  
i n  t h i s  s t u d y .  



Data A n a l y s i s  

There  a r e  two s t e p s  t o  t h e  a n a l y s i s :  

( 1 )  S o r t i n g  a c t i v e  mines i n t o  homogeneous groups .  

( 2 )  Formula t ing  "development measures"  f o r  t h e  i n d i v i d u a l  
mines w i t h i n  each  group.  

W e  w i l l  u s e  two mathemat ica l  methods t o  c a t e g o r i z e  t h e  mines:  
t h e  Wroclaw taxonomy method and  t h e  random v a r i a b l e  mult idimen- 
s i o n a l  g roup ing  method. 

W e  have a l r e a d y  conducted  a p i l o t  s t u d y  (Kozyra 1976) u s i n g  
d a t a  c o l l e c t e d  from e v e r y  mine i n  our  mining i n d u s t r y .  The mines 
have been d e s c r i b e d  by means o f  t h e  f o l l o w i n g  pa ramete r s :  

c a p i t a l  i n v e s t m e n t  a s  a  whole ( i n  thousands  z l o t y s ) ,  
t h e  annua l  o u t p u t  ( i n  t o n s ) ,  
p r o d u c t i v i t y  o f  l a b o u r  (kg; working d a y ) ,  
a v e r a g e  t e m p e r a t u r e  i n  t h e  f a c e s  ( i n  " c )  , 
a v e r a g e  seam i n c l i n a t i o n  ( i n  d e g r e e s )  , 
a v e r a g e  f a c e  t h i c k n e s s  ( i n  meters) ,  
ave rage  l e n g t h  o f  t h e  working f a c e  ( i n  meters), 
w a t e r  i n f l o w  t o  t h e  mine (m3 ; min) , 
a v e r a g e  mining d e p t h  ( i n  m e t e r s ) ,  
a v e r a g e  d a i l y  s h o r t  w a l l  advance (meter; working d a y ) ,  
a v e r a g e  d a i l y  f a c e  advance  w i t h  the h y d r a u l i c  f i l l i n g  
( m e t e r ;  d a y )  , 
average  d a i l y  advance  o f  t h e  l o n g w a l l  w i t h  c a v i n g  ( m e t e r ;  
day , 
p r o p o r t i o n a l  o u t p u t  from mechanized l o n g w a l l  f a c e s  ( i n  p e r -  
c e n t )  , 
s h i f t s  ( t h e  number o f  s h i f t s  p e r  d a y ) ,  
t i m e  o f  working i n  t h e  f a c e  (minu tes )  , 
l a b o u r  c o s t s  ( z l o t y ;  t o n s )  , 
m a t e r i a l  c o s t s  ( z l o t y ;  t o n s )  , 
a m o r t i z a t i o n  c h a r g e s  ( z l o t y ;  t o n s )  , 
c o s t s  o f  ene rgy  ( z l o t y ;  t o n s ) ,  
p r e p a r a t o r y  work i n t e n s i t y  (meter; 1000 t o n s ) ,  
a v e r a g e  d a i l y  advance o f  t h e  r o c k  gangways ( m e t e r ;  d a y ) ,  
a v e r a g e  d a i l y  advance  o f  rock--coal  gangways (meters; d a y ) ,  
a v e r a g e  d a i l y  advance  of  t h e  c o a l  gangways (meters; d a y ) ,  
employment i n  t h e  i n d u s t r i a l  group--workers ( t h e  number o f  
p e r s o n s )  , 
employment i n  t h e  i n d u s t r i a l  group--engineers ,  t e c h n i c i a n s  
( t h e  number o f  p e r s o n s )  , 
employment i n  t h e  i n d u s t r i a l  g r o u p - - a d m i n i s t r a t i o n  s t a f f  
( t h e  number o f  p e r s o n s )  , 
employment i n  n o n - i n d u s t r i a l  group ( t h e  number o f  p e r s o n s )  , 
a b s e n t e e i s m  o f  workers  i n  t h e  i n d u s t r i a l  group ( i n  p e r c e n t ) ,  
d e g r e e  o f  works by t h e  j o b  ( i n  p e r c e n t )  ; 
a v e r a g e  wage ( z l o t y ;  y e a r )  , 
v a l u e  o f  g r o s s  f i y e d  a s s e t s  ( thousand  z l o t y s ) .  



Thi s  s o r t i n g  was performed on t h e  b a s i s  o f  two f a c t o r s :  t h e  
" t - e c h n i q u e - o r q a n i z a t i o n "  and t h e  "min ing-geo log ica l "  f e a t u r e s  o f  
cach mine. Such a  s o r t i n g  h e l p s  de te rmine  t h e  mutual  s i m i l a r i t y  
o f  mines,  keeping i n  mind t h e  r e s t r i c t i o n s  r e s u l t i n g  from t h e  
s t a t i s t i c a l  a s sumpt ions  made. 

One o t h e r  a l g o r i t h m ,  t h e  "random v a r i a b l e  mu l t i d imens iona l "  
method, was used i n  t h i s  p i l o t  s t udy .  T h i s  p r o v i d e s  a  means f o r  
grouping t h e  mines i n t o  r e l a t e d  subgroups ,  and even f o r  j o i n i n g  
t h e s e  subgroups i n t o  homogeneous c a t e g o r i e s .  I t  a l s o  e n a b l e s  
t h e  measurement of  r e l a t i v e  d i s t a n c e  on a  g iven  s c a l e .  

The second s t e p  i n  t h e  a n a l y s i s  i n v o l v e s  t h e  fo rmu la t i on  of 
a  "development measure" f o r  i n d i v i d u a l  mines w i t h i n  t h e  homoge- 
neous group.  T h i s  deg ree  o f  mine development can  be determined 
i n  t h e  fo l l owing  manner. For  each  mine c l u s t e r :  

-- A . h y p o t h e t i c a l  a b s t r a c t  mine i s  drawn up u s i n g  t h e  ex- 
treme v a l u e s  f o r  s p e c i f i c  d i a g n o s t i c  f e a t u r e s .  

-- The d e v i a t i o n  o f  an i n d i v i d u a l  mine from t h i s  hypo the t -  
i c a l  mine can t h e n  be c a l c u l a t e d .  

-- I n d i v i d u a l  mines a r e  s o r t e d  i n t o  g roups  based on decreas -  
i n g  v a l u e  o f  t h e  development index .  

Determining t h e  Development Trends  o f  Each Homogeneous Group 

There a r e  f o u r  s t e p s  i n  t h i s  p a r t  of  t h e  s t udy :  

( 1 )  W e  w i l l  f o rmu la t e  a  "development p r e d i c t i o n "  measure 
f o r  e ach  homogeneous g roup ,  a p p l i c a b l e  t o  each mine 
w i t h i n  t h a t  group.  

The f e a t u r e s  o f  t h i s  p r e d i c t o r  would be de te rmined  u s i n g  
v a r i o u s  economet r i c  and h e u r i s t i c  methods. I t  w i l l  be 
made up of  a n  adequa te  number o f  v a r i e d  components t o  
r e f l e c t  t h e  impor tance  o f  sys tem i n t e g r a t i o n  i n  mining 
development (i . e. , t h e  S-IOT concep t )  . 

( 2 )  Using t h e  G.  Nadler  concep t  and morpholog ica l  methods, 
w e  w i l l  deve lop  " i n d i r e c t "  development measurements be- 
tween t h e  ana lyzed  mine and i t s  p r e d i c t e d  d e g r e e  o f  
development.  

( 3 )  Develop a  method o f  d a t a  c o l l e c t i o n  t h a t  w i l l  a c c u r a t e l y  
r e f l e c t  t h e s e  i n d i r e c t  measures ,  and can a c t  a s  a  l i n k  
between t h e  p r e s e n t  s t a t e  and t h e  p r e d i c t e d  development 
f o r  each  mine. 

( 4 )  Tabu l a t i on  and a n a l y s i s  o f  t h e  c o l l e c t e d  d a t a .  

I n  o u r  o p i n i o n  t h e  proposed s t udy  h a s  o t h e r  advantages--  
t a k i n g  i n t o  accoun t  IIASA's p o s s i b i l i t i e s  and c i r cums t ances .  
Namely, t hey  can app ly  t h e  WELMM d a t a  bank and deve lop  it t o  o r -  
g a n i z a t i o n a l  a s p e c t s  o f  t h e  c o l l i e r i e s ,  n e x t  t h e y  cou ld  g i v e  
p o s s i b i l i t i e s  f o r  a p p l y i n g  t h e  Energy P r o j e c t  r e s u l t s  f o r  o u r  
needs.  



Synthes i s  of  t h e  R e s u l t s ;  Conclusions 

In  t h e  course  o f  o u r  r e s e a r c h ,  w e  expec t  t o  complete i n d i s -  
pensable  s t u d i e s  r e l a t i n g  t o  s e c t i o n s  1  .1 and 1.2 o f  o u r  proposed 
o u t l i n e  (Attachment 1  ) : 

Subsect ion 1.1 . l :  

"Studying t h e  u se  o f  modern o r g a n i z a t i o n a l  s t r u c t u r e  
under c o a l  mining c o n d i t i o n s . "  W e  a r e  c u r r e n t l y  working 
on s e v e r a l  p r o j e c t s  t h a t  compare t h o s e  o r g a n i z a t i o n a l  
s t r u c t u r e s  t h a t  func t ion  p rope r ly  w i th  t h o s e  t h a t  do 
no t .  I n  a d d i t i o n ,  w e  a r e  s tudying  v a r i o u s  o r g a n i z a t i o n a l  
approaches t h a t  can be widely used i n  t h e  mining indus- 
t r y  (e. g . ,  d i f f e r e n t  t ypes  o f  work team s t r u c t u r e s )  . 

Subsec t ions  1.1.2,  1.1.3, 1.1.4 a r e :  
-- Research on implementing new uses  f o r  computerized 

d a t a  base  management and r e t r i e v a l  systems.  
-- A s s e s s  t h e  advantages  o f  u s ing  l a r g e  d a t a  bases  f o r  

p lanning  purposes  i n  t h e  mining i n d u s t r y .  
-- Determining what changes i n  planning and organiza-  

t i o n a l  p roces ses  would r e s u l t  from computer iza t ion .  

Computerized management systems f o r  p roduc t ion ,  investment ,  
and a u x i l i a r y  and s e r v i c e  a c t i v i t i e s  have a l r e a d y  been developed 
and implemented i n  t h e  Min i s t ry  o f  Mining. They p l ay  an important  
r o l e  i n  improving management methods i n  t h e  mining i n d u s t r y .  Com- 
p u t e r i z a t i o n  pe rmi t s  g r e a t  improvements i n  r eco rd  keeping,  evalu-  
a t i n g  c u r r e n t  o p e r a t i n g  e f f e c t i v e n e s s ,  and op t imiz ing  economic 
s t r a t e g i e s .  The p r i n c i p l e  o f  computer iza t ion  has  been accep ted  
a t  a l l  decision-making l e v e l s  (according t o  accep ted  p r i o r i t i e s )  
and has been in t roduced  i n t o  a l l  t y p e s  o f  mining a c t i v i t i e s .  

Based on p a s t  r e s e a r c h ,  t h e  Management Computerization Model 
has been developed. T h i s  model i l l u s t r a t e s  s p e c i f i c  ways t h a t  
management may use  computer systems.  

The model is  comprised o f  t h r e e  groups o f  "ana- ly t ica l -  
account ing"  systems,  and t h r e e  groups o f  "planning" systems.  
Each group p l ays  a  c l e a r l y  de f ined  r o l e  i n  t h e  management p rocess .  

The "ana ly t i ca l - accoun t ing"  systems a i d  i n  record  keeping 
and a l s o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  c u r r e n t  o p e r a t i o n s .  The 
t h r e e  groups a r e :  

( 1 )  Systems r e l a t e d  t o  t h e  comprehensive e v a l u a t i o n  o f  min- 
i ng  technique  and technology encompass a l l  t h e  mines and 
investment  " p a r t n e r s "  i n  t h e  mining i n d u s t r y .  These 
systems handle  t h e  a n a l y s i s  and e v a l u a t i o n  o f  economic 
e f f e c t i v e n e s s  o f  t h e  produc t ion  and investment  p roces ses ,  
g iven t h e  method, technology and t h e  o p e r a t i n g  c o n d i t i o n s  
involved.  A comparative a n a l y s i s  i s  a l s o  involved.  



( 2 )  Bas i c  a n a l y t i c a l - a c c o u n t i n g  sys tems  h e l p  modernize t h e  
e n t i r e  r e c o r d  keep ing ,  r e c o r d i n g ,  and accoun t i ng  p roces -  
s e s .  T h i s  a i d s  i n  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  o f  i n -  
d i v i d u a l  mines and  mine- re la ted  e n t e r p r i s e s  ( e . g . ,  re- 
p a i r  p l a n t s ,  t r a n s p o r t a t i o n ,  fo rward ing  e n t e r p r i s e s ,  
e t c . ) .  I t  a l s o  d e c r e a s e s  time-consuming a d m i n i s t r a t i v e  
work and s h o r t e n s  t h e  t ime  i nvo lved  i n  a ccoun t i ng  and 
a n a l y s i s .  I n  a d d i t i o n ,  t h e s e  sys tems  can  h e l p  de t e rmine  
t h e  d i r e c t i o n  t h a t  p lanned mining a c t i v i t i e s  w i l l  t a k e .  

Dea l ing  w i t h  such  b a s i c  f i n a n c i a l  a s p e c t s  o f  mining a s  
m a t e r i a l s  management and wages, t h e s e  sys tems  hand le  t h e  
most mundane and y e t  t h e  most impor t an t  a ccoun t i ng  a c t i v -  
i t i e s  i n  mining and r e l a t e d  i n d u s t r i e s .  

( 3 )  A group of  s p e c i a l  sys tems d e a l s  w i t h  t h e  e v a l u a t i o n  o f  
bo th  t h e  c e n t r a l i z e d  s e r v i c e  u n i t s  t h a t  s u p p o r t  t h e  min- 
i n g  i n d u s t r y  ( e . g . ,  t h e  Coal  S a l e s  Board) and a l s o  f o r  
s c i e n t i f i c  RGD suppo r t .  These " s p e c i a l  sys tems"  com- 
p u t e r i z e  a l l  f u n c t i o n s  t h a t  a r e  unique t o  t h e  s u p p o r t  
u n i t s ;  t h e i r  main purpose  i s  t o  e v a l u a t e  t h e  e f f e c t i v e -  
n e s s  o f  a  g iven  s u p p o r t  u n i t  f o r  t h e  e n t i r e  mining i n -  
d u s t r y .  

The Management Computer iza t ion  Model a l s o  c o n t a i n s  t h r e e  
groups  o f  p l ann ing  sys tems .  They a r e  de s igned  t o  f o r e c a s t  t h e  
e f f e c t i v e n e s s  o f  p lanned a c t i v i t i e s  and t o  select o p t i m a l  p l ann ing  
s t r a t e g i e s :  

( 1 )  P roduc t i on  and inves tment  p l ann ing  sys tems  o b t a i n  d a t a  
p r i m a r i l y  from Comprehensive E v a l u a t i o n  Systems (Group 
number (1 )  above ) .  Using mathemat ica l  methods, t h e y  
s eek  t o  o p t i m i z e  t h e  e f f e c t i v e n e s s  o f  one  and f i ve -yea r  
p r o d u c t i o n  p l a n s ,  and a l s o  p l a n  o u t  i nves tmen t  s t r a t e -  
g i e s  f o r  t h e  e n t i r e  mining i n d u s t r y .  These sys tems d e a l  
w i t h  problems t h a t  have t h e  g r e a t e s t  i n f l u e n c e  on over -  
a l l  management e f f e c t i v e n e s s  f o r  t h e  mining i n d u s t r y  a s  
a  whole. 

( 2 )  P lann ing  sys tems  f o r  a u x i l i a r y  a c t i v i t i e s  perform t a s k s  
s i m i l a r  t o  t h e  f i r s t  group,  b u t  on a  s m a l l e r  s c a l e .  
These sys tems  h e l p  deve lop  long- term inves tmen t  strate- 
g i e s  and p roduc t i on  p l a n s  f o r  t h e  c o a l  mines a s  w e l l  a s  
sho r t - t e rm  o p e r a t i v e  p l ann ing  f o r  un ions  and mining- 
r e l a t e d  e n t e r p r i s e s  ( e . g . ,  c o n s t r u c t i o n ) .  

( 3 )  Plann ing  sys tems f o r  s e r v i c e  a c t i v i t i e s  compute r ize  t h e  
p l ann ing  p r o c e s s  f o r  t h o s e  a c t i v i t i e s  t h a t  a r e  c o n t r o l l e d ,  
a s  a  r u l e ,  by t h e  c e n t r a l i z e d  u n i t s  o f  t h e  mining indus -  
t r y  (.coal s a l e s ,  mine t imber s u p p l y ) .  The main purpose  
o f  t h e s e  sys tems i s  t o  c l o s e  t h e  decis ion-making c y c l e  
w i t h i n  t h e  s e r v i c e  i n d u s t r i e s .  

The t h r e e  " a n a l y t i c a l - a c c o u n t i n g "  g roups  employ a  t o t a l  o f  
twenty subsys tems;  t h e  t h r e e  "p l ann ing"  g roups  u se  f i f t e e n  sub- 
sys tems.  



A t  t h e  p r e s e n t  t i m e  (end of 19781, a l l  c o a l  mines a r e  ser- 
v i ced  by t h e  i n t e g r a t e d  a n a l y t i c a l - a c c o u n t i n g  sys tems.  The b a s i c  
p lann ing  sys tems have been p repared  f o r  g e n e r a l  u s e .  

I n  l i g h t  o f  t h e  c u r r e n t  s t a t e  t o  compu te r i z a t i on  i n  t h e  
P o l i s h  mining i n d u s t r y ,  r e s e a r c h  on implementing c o n t r o l  sys tems 
i n  mine management and on t h e  p o s s i b i l i t y  o f  c o n s t r u c t i n g  a  
l a r g e ,  i n t e g r a t e d ,  d a t a  b a s e ,  i s  v e r y  impor t an t  and p a r t i c u l a r l y  
r e l e v a n t  f o r  p l a n n i n g  purposes .  Also  impor t an t  is t h e  develop-  
ment o f  a  computer system employing minicomputers  and micro- 
p roce s so r s .  

By f u r t h e r i n g  c u r r e n t  r e s e a r c h  and f o l l o w i n g  up on  t h e  p re -  
s e n t  t r e n d s  toward compu te r i z a t i on ,  t h e  P o l i s h  mining i n d u s t r y  
can p o s s e s s  a  f u l l y  computer ized management system. A s  a  r e s u l t ,  
t h e  i n d u s t r y  w i l l  become a  more compact and r e s i l i e n t  economic 
body, c h a r a c t e r i z e d  by maximum e f f i c i e n c y  and management e f f e c t i v e -  
ne s s .  

W e  e x p e c t  t o  do r e s e a r c h  concern ing  t h e  development o f  com- 
p u t e r  systems w i t h i n  t h i s  IIASA s tudy .  A s  a l r e a d y  ment ioned,  it 
would be a d v i s a b l e  t o  conduct  t h i s  r e s e a r c h  a c c o r d i n g  t o  a  un i -  
form method. W e  s u g g e s t  t h a t  a n  a p p r o p r i a t e  method would be t h e  
r e s e a r c h  c y c l e  p r e s e n t e d  i n  t h i s  paper .  

W e  a l s o  i n t e n d  t o  s t u d y  t h e  r e l a t i o n s h i p  between t h e  s i z e  
o f  t h e  economic u n i t  ( e . g . ,  a  mine,  o r  un ion)  and i ts p roduc t i on  
e f f e c t i v e n e s s .  T h i s  c an  be done by expanding t h e  d a t a  a n a l y s i s  
t o  i n c l u d e  a paramete r  d e s c r i b i n g  sys tem s i z e .  The e x a c t  d e f i n i -  
t i o n  o f  such a  c a t e g o r y  must be a c c u r a t e  from t h e  v i ewpo in t  o f  
sys tems a n a l y s i s .  

W e  r e cogn i ze  t h a t  t h e  q u e s t i o n  o f  o p t i m a l  mine s i z e  i s  pe r -  
t i n e n t  t o  dec i s ion-makers .  W e  w i l l  t r y  t o  p r e s e n t  t h e  i n i t i a l  
r e s u l t s  o f  o u r  work o n  t h i s  t o p i c  a t  t h e  IIASA con fe r ence  i n  June .  
W e  expec t  t h a t  t h e  r e s u l t s  o b t a i n e d  from t h e  s u c c e s s i v e  s t a g e s  o f  
work w i l l  y i e l d  u s e f u l  and p r a c t i c a l  p o l i c y  recommendations and 
w i l l  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  o r g a n i z a t i o n  and management 
t heo ry .  

Topic 2--Factors  S t i m u l a t i n g  Depos i t  E x p l o i t a t i o n  

O r g a n i z a t i o n a l  and t e c h n o l o g i c a l  f a c t o r s  s t i m u l a t i n g  d e p o s i t  
e x p l o i t a t i o n .  S p e c i f i c a l l y ,  t h i s  i n v o l v e s :  

S e c t i o n  2.1 t h e  u s e  o f  sys tems methods t o  deve lop  economic 
i n d i c e s  t h a t  measure t h e  p r o f i t a b i l i t y  o f  ex- 
p l o i t i n g  raw m a t e r i a l s .  

I t  i s  e s s e n t i a l  t o  deve lop  p rope r  i n d i c e s  t o  de t e rmine  t h e  
e f f e c t i v e n e s s  o f  raw m a t e r i a l s  e x p l o i t a t i o n .  These i n d i c e s  can  
t h e n  be used t o  deve lop  g u i d e l i n e s  f o r  t h e  n a t i o n a l ,  o b j e c t i v e  
u se  o f  raw m a t e r i a l s  on a  g l o b a l  s c a l e .  



The common n a t u r e  o f  t h i s  problem i s  r e f l e c t e d  i n  t h e  f e a -  
t u r e s  o f  raw m a t e r i a l s  management a t  t h e  p r e s e n t :  

-- The i r r a t i o n a l  o u t p u t  and i r r a t i o n a l  u s e  o f  raw m a t e r i -  
a l s  t h a t  a r e  i n  n o t i c e a b l y  s h o r t  s u p p l y .  

-- Lack o f  a common a d m i n i s t r a t i v e  sys tem,  and l a c k  o f  eco- 
nomic and e n g i n e e r i n g  i n c e n t i v e s  f o r  c r e a t i n g  a  r a t i o n a l e  
f o r  e x c a v a t i o n ,  p r o c e s s i n g  and u s e  o f  raw m a t e r i a l s  on 
a  g l o b a l  s c a l e .  

F o r e c a s t s  o f  raw m a t e r i a l s  s h o r t a g e s ,  p a r t i c u l a r l y  o f  f o s s i l  
f u e l s ,  r e f l e c t  t h e  economic p r o f i t a b i l i t y  o f  d e p o s i t  e x p l o i t a t i o n .  

The r e s u l t s  o f  s e v e r a l  s t u d i e s ,  such a s  t h o s e  conducted  by 
t h e  P o l i s h  Academy o f  S c i e n c e  E n e r g e t i c  Committee and IIASA, and 
f i n d i n g s  p r e s e n t e d  a t  t h e  E n e r g e t i c s  World Conference  i n  Is tamboul  
(September 1 9 7 1 ) ,  a l l  f o r e c a s t  t h e  f o l l o w i n g :  

-- a  g e n e r a l  s h o r t a g e  o f  f u e l s  i s  e x p e c t e d  i n  t h e  1 9 9 0 ' s ;  
-- s e v e r a l  crises w i l l  o c c u r  i n  t h e  development  o f  t h e  

economy. 

T h i s  j u s t i f i e s  t h e  need t o  u n d e r t a k e  r e s e a r c h  i n  t h e  fo l low-  
i n g  a r e a s :  

(1 ) V e r i f y i n g  t h e  a c c u r a c y  o f  e x i s t i n g  methods f o r  measur- 
i n g  e x p l o i t a t i o n  e f f e c t i v e n e s s  and " f i r s t  d r i v i n g "  de- 
p o s i t  d e s c r i p t o r s .  

( 2 )  Formula t ing  o b j e c t i v e ,  g e n e r a l ,  and compara t ive  i n d i c e s  
o f  t h i s  e f f e c t i v e n e s s .  

( 3 )  Develop and j u s t i f y  a n  impor tance  h i e r a r c h y  f o r  t h e s e  
i n d i c e s .  

A d d i t i o n a l  m o t i v a t i o n s  f o r  r e s e a r c h  i n c l u d e :  

-- Need t o  u s e  a  sys tems a n a l y s i s  approach  t o  c a l c u l a t e  
t h e  e f f e c t i v e n e s s  o f  raw m a t e r i a l s  e x p l o i t a t i o n .  

-- E x i s t i n g  methods o f  e s t i m a t i n g  t h e  e f f e c t i v e n e s s  o f  de-  
p o s i t  e x p l o i t a t i o n  d o  n o t  t a k e  i n t o  a c c o u n t  s o - c a l l e d  
l l e c ~ l o g i c a l  c o s t s " .  

-- The p r e s e n t  c r i t e r i a  used t o  d e t e r m i n e  d e p o s i t  e x p l o i t a -  
t i o n  p r o f i t a b i l i t y ,  w h i l e  t h e y  v a r y  by c o u n t r y ,  a r e  
g e n e r a l l y  t o o  l i b e r a l  f o r  r a t i o n a l  d e p o s i t  economics. 

Research Goals  

The g o a l s  o f  t h i s  r e s e a r c h  a r e a :  

( 1 )  L i s t i n g  t h e  v a r i o u s  methods c i t e d  i n  d i f f e r e n t  p u b l i c a -  
t i o n s  t h a t  a r e  used t o  d e t e r m i n e :  
-- Economic e v a l u a t i o n  o f  m i n e r a l  raw m a t e r i a l s  re- 

s o u r c e s  ; 



-- The va lue  o f  t h e  u s e f u l  mine ra l s  i n  a  d e p o s i t ;  

-- Geologica l  and economic c r i t e r i a  used t o  balance r e -  
source ;  

-- Evalua t ion  o f  ways t o  measure d e p o s i t  l o s s  i n  a l l  
a s p e c t s  o f  mining: des ign ,  f i r s t  d r i v e ,  and e x p l o i t a -  
t i o n  of  t h e  d e p o s i t .  

( 2 1  Comparing t h e s e  methods according t o  a  uniform method. 

( 3 )  Developing g e n e r a l  g u i d e l i n e s  f o r  measuring d e p o s i t  pro- 
f i t a b i l i t y .  That i s ,  we in t end  t o  develop gene ra l  p r i n -  
c i p l e s  t h a t  should  a c t  a s  i n c e n t i v e s  f o r  t h e  r a t i o n a l  
e x p l o i t a t i o n  and u t i l i z a t i o n  of  d e p o s i t s ;  t h e s e  p r i n c i p l e s  
should be a p p l i c a b l e  t o  a l l  c o u n t r i e s ,  r e g a r d l e s s  o f  t h e  
economic system involved.  

I n  o r d e r  t o  ach ieve  t h e s e  g o a l s ,  it is  necessary  t o  develop 
a  uniform comparative methods based on systems a n a l y s i s .  
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ATTACHMENT 1  

M A I N  TOPICS OF INTEREST TO POLISH INSTITUTES 

1 .  The t h e o r e t i c a l  and methodolog ica l  a s p e c t s  o f  programming 
t h e  mining i n d u s t r y  development w i th  p a r t i c u l a r  stress on 
t h e  p r o g r e s s  and a d a p t a t i o n  o f  t h e  sys tems approach t o  
which s t a t e m e n t s  have been developed a t  IIASA. 

1.1 Methodological  a s p e c t s  o f  modern iza t ion  and d e s i g n i n g  t h e  
t h e  management systems i n  t h e  mining i n d u s t r y .  

1.1.1 Recogni t ion o f  t h e  p o s s i b i l i t y  o f  u s i n g ,  i n  c o a l  mining 
c o n d i t i o n s ,  modern o r g a n i  a t i o n a l  s t r u c t u r e  s o l u t i o n s .  

1.1.2 Research i n  t h e  scope o f  new s o l u t i o n s  i n  c r e a t i n g  com- 
p u t e r  systems based on d a t a  ba se s .  

1 .1 .3  Eva lua t i on  o f  advan tages  ga ined  by u s i n g  l a r g e  d a t a  ba se s  
i n  t h e  mining i n d u s t r y  f o r  p lann ing  purposes .  

1.1.4 Def in ing  t h e  t endenc i e s  o f  change i n  o r g a n i z a t i o n a l  pro-  
c e s s e s  and p l ann ing  o f  computer t e c h n i c a l  development. 

1.2 In te rdependence  s t udy  concern ing  t h e  s i z e  o f  t h e  economic 
u n i t  and i t s  p roduc t i on  e f f e c t i v e n e s s .  

2 .  Organ iza t ion  and t e c h n o l o g i c a l  f a c t o r s  s t i m u l a t i n g  t h e  
d e p o s i t  e x p l o i t a t i o n  p r o f i t a b i l i t y .  


