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PREFACE 

This volume is the second of two Collaborative Papers which 
contain the technical papers presented at an IIASA Seminar under 
the generic title 'Coal: Issues for the Eighties' which was held 
in Szczyrk, Poland in November 1979. The seminar was jointly 
organized by IIASA and the Polish institutes collaborating in 
this study. The papers are here reproduced for the convenience 
of those attending the seminar and for reference by those involved 
in this continuing industry study. The first volume contains 
those papers concerning the organization, management and computer, 
and planning for planning issues, CP-80-23. 

The primary objective of the seminar was to identify and 
define specific studies to be conducted as part of the Coal: 
Issues for the Eighties program. Seminar participants discussed 
papers on several coal related environmental issues, including 
papers on integration of regional environmental goals into coal 
production and utilization strategies, management of air pollut- 
ant effects resulting from coal use, strip mining impacts on 
ground water resources, environmental aspects of advanced coal 
utilization technologies, comprehensive coal/environment planning 
approaches in selected countries, and problems of environmental 
protection in the coal mining industry. 

The topics "Evaluation of advanced coal utilization and con- 
version technologies, with an emphasis on environmental aspects 
and technology costs", and "Analyses of transboundary air pollu- 
tion issues related to future coal developments" were subsequently 
recommended by seminar participants for further collaborative 
study at IIASA. These recommendations were based on the fact that 
joint efforts between IIASA and collaborating institutions on 
these two topics are interrelated, and thus would best be under- 
taken jointly. 
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COAL--ISSUES FOR THE EIGHTIES 

J a n  S t a c h o w i c z  
R o l f e  Toml in son  

GENERAL INTRODUCTION 

The p a p e r s  se t  o u t  i n  t h e s e  two C o l l a b o r a t i v e  P a p e r s  were 
p r e s e n t e d  a t  a n  IIASA S e m i n a r  f o r  I n d u s t r y  S t u d i e s ,  name ly ,  
"Coa l :  I s s u e s  f o r  t h e  E i g h t i e s " ,  wh ich  w a s  h e l d  i n  S z c z y r k ,  
P o l a n d ,  i n  November 1 9 7 9 .  The s e m i n a r  w a s ,  o n  t h i s  o c c a s i o n ,  
j o i n t l y  o r g a n i z e d  by IIASA a n d  t h e  P o l i s h  i n s t i t u t e s  c o l l a b o r a -  
t i n g  i n  t h i s  s t u d y  w i t h  IIASA, i . e . ,  I n s t i t u t e  f o r  O r g a n i z a t i o n  
a n d  Management P r o b l e m s  o f  t h e  P o l i s h  Academy o f  S c i e n c e s ,  
Bytom a n d  t h e  Compute r  C e n t e r  o f  t h e  Min ing  I n d u s t r y  i n  K a t o w i c e .  

I t  may b e  w o r t h  s a y i n g  someth i : ;g  a b o u t  t h e  g e n e r a l  c o n c e p t  
l y i n g  b e h i n d  t h e  IIASA I n d u s t r y  S t u d i e s ,  p a r t i c u l a r l y  " C o a l :  
I s s u e s  f o r  t h e  E i g h t i e s . "  The  p u r p o s e  o f  t h e s e  I n d u s t r y  S t u d i e s  
was t o b r i n g  t o g e t h e r  s p e c i a l i s t s ,  b o t h  m a n a g e r s  a n d  a n a l y s t s ,  
f rom d i f f e r e n t  c o u n t r i e s  t o  i d e n t i f y  t h e  ma in  i s s u e s  wh ich  
t h e  i n d u s t r y  f a c e s  o v e r  t h e  n e x t  t e n  y e a r s ,  t o  i d e n t i f y  t h e  way 
and  a p p r o a c h  i n  w h i c h  s y s t e m s  a n a l y s i s  c a n  a s s i s t  i n  m a j o r  
p o l i c y  a n d  d e c i s i o n s  a n d  t o  e n g a g e  i n  a c o l l a b o r a t e  p r o g r a m  o f  
i n f o r m a t i o n  e x c h a n g e  a n d  r e s e a r c h .  

The c o a l  m i n i n g  i n d u s t r y  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  
s u c h  a  c o m p r e h e n s i v e  s t u d y  b e c a u s e  it i s  a c r i t i c a l  e n e r g y  i n d u s -  
t r y  f a c e d  w i t h  e x p e c t a t i o n s  o f  g r e a t l y  i n c r e a s e d  demand b e f o r e  
t h e  e n d  o f  t h e  c e n t u r y ,  a n d  w i t h  t h e  n e e d  t o  make m a j o r  i n v e s t -  
ment  t o  d e c i s i o n s  a t  a t i m e  when e x i s t i n g  c a p a c i t y  i s  n o t  f u l l y  
u t i l i z e d .  M a r k e t s  i n  t h e  f u t u r e  may b e  v e r y  d i f f e r e n t l y  l o c a -  
t e d  f rom t h e  p r e s e n t ,  a n d  t h e  t r a n s p o r t  s i t u a t i o n  n e e d s  t o  b e  
r e a s s e s s e d .  The f u t u r e  u s e  o f  t h e  p r o d u c t  i s  u n c e r t a i n - - i t  
m i g h t  b e  n e e d e d  f o r  e l e c t r i c i t y  g e n e r a t i o n ,  g a s i f i c a t i o n ,  
l i q u e f a c t i o n  o r  o t h e r  e n d  u s e s .  The  p r o d u c t i o n  t e c h n o l o g y  i s  
u n d e r g o i n g  c h a n q c ,  a n d  t h e  i m p a c t  o f  t h e  c o m p u t e r  is  o n l y  j u s t  
b e g i n n i n g .  A t  t h e  same t i m e ,  c o n c e r n  a b o u t  p o l l u t i o n  o f  e a r t h ,  



water and air is growing--leading to major regulatory controls 
of various kinds. It is an industry in transition, and most 
of these critical issues are appropriate subjects for systems 
analysis. 

Moreover, the coal mining industry has developed over a 
long period of time under a variety of conditions, and has a 
good record of international collaboration. This gives a good 
basis for comparative studies that can be used to provide 
results of general applicability. Two recent meetings, the 
10th World Mining Congress in Istanbul in 1977 and the UNO 
Coal Seminar in Katowice, Poland in 1979, have confirmed the 
potential return from developing international scientific 
cooperation in the scope of coal mining. Systems analysis 
has, as we have said, a major part to play in tackling the 
problems of coal mining development. "Coal: Issues for the 
Eighties" is intended to contribute towards these, and the 
Szczyrk seminar was a step in this process: 

The main purposes of the seminar were: 

-- to present papers on those topics identified at 
the Inaugural Task Force meeting held at IIASA 
in March 1979; - - to facilitate the exchange of experience, results, 
methods, etc.; -- to establish a plan for the future. 

The seminar was attended by participants from Austria, CSSR, 
FRG, Hungary, Italy, United Kingdom, USSR, USA and Poland. 
Eighteen presentations were made by participants from six 
countries and three by IIASA participants. Most of the pre- 
sentations concentrated on the main seminar topics, i.e., 

-- management, organization and the computer; 
-- planning for planning; 
- - environmental issues. 

Some of the presentations, however, were devoted to more general 
problems in the coal mining industry. Four papers were wholly 
devoted to the question of "planning for planning" and two 
presentations covered this topic in part. Taken together they 
provided an overview of OR and systems applications in mine 
pla,nning as well as presenting a good deal of useful experiences 
on the use of computers in support for planning in the coal 
mining industry. 

The next group of papers was concerned with "management, 
organization, and computers" in coal mining. The presentations 
and discussions on this subject focused on two main aspects: 

-- general problems of organization and management in 
the coal mining industry, and - - the exchange of results and experience on the use 
of computers for management. 

Three papers dealt entirely with this area and two partially. 



The third group of papers dealt with "environmental issues" 
such as management of air pollution with regard to effects from 
coal use, groundwater depletion and other effects from coal 
extraction, and other effects from coal utilization technologies 
and comprehensive coal/environment planning approaches in 
selected countries. 

All the papers presented here are as qiven at the seminar, 
without editing. The purpose is to make them readily available 
to those who took part in the meeting and to their colleagues. 
Many will appear in a modified form in the literature. A report 
on the conference as a whole is available as an IIASA working 
paper WP-80-140. 

The seminar was successful in two respects. Firstly, it 
had provided the opportunity for the exchange of experience 
and an insight into different methodological approaches to 
problems, that could not have been obtained in any other way. 
No other meeting currently catered for this need. Secondly, 
it had made it possible to identify the direction that future 
collaborative studies might take. Such studies need not in 
fact be narrowly related to the coal industry but could concern, 
for example, the role of coal mining in global industrial 
development. The work was also relevant to many other IIASA 
studies, e.g., related to management under uncertainty, computer/ 
management interactions, innovation, etc. 

We would like to take this opportunity of thankinq the 
Institute for Organization and Management Problems of the Polish 
Academy of Sciences in Bytom and the Computer Center of the 
Mining Industry for their efforts to ensure good work conditions 
for this meeting and for their hospitality. It was another 
example of successful international cooperation. 

Jan Stachowicz 
Institute for Organization and 
Management Problems of the 
Polish Academy of Sciences, 
Bytom 

Rolfe Tomlinson 
Area Chairman 
Management and Technology Area 
I IASA 
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PREFACE 

This paper summarizes a  proposed approach fo r  incorporat-  
i ng  more f u l l y  s p e c i f i c  reg iona l  environmental goals  i n t o  a  
coal-based energy planning process.  The primary purpose of the  
paper i s  t o  provide a  framework fo r  d iscuss ion of environmental - - 

i s sues  a t  t h e  IIASA Coal: I s sues  For The E igh t ies  Program 
Planning k?orkshop i n  Katowice, Poland, November 5 - 2 ,  1 9 1 9 .  

The ove ra l l  ob j ec t i ve s  of t h e  IIASA Coal: I s sues  For The 
E igh t ies  program i s  t o  b r ing  together  represen ta t ives  of enerqy 
and environmental pol icy  makers and t h e  coa l  indust ry  from many 
coun t r i es ;  t o  i d e n t i f y  key i s sues  which t he se  groups w i l l  
j o i n t l y  face over t h e  next 10-20 years ;  t o  i d e n t i f y  t he  ways i n  
which systems ana ly s i s  can a s s i s t  i n  t h e  major pol icy and in-  
ventment decis ions ;  and t o  engage i n  a  co l l abora t ive  program of 
information exchange and research.  I I A S A f s  r o l e  i s  e s s e n t i a l l y  
ca ta ly t ic . .  I t  i s  IIASA's t a sk  t o  i d e n t i f y  needs and seek t o  
c r e a t e  t he  condi t ions  i n  which they can be s a t i s f i e d  through 
co l l abora t ive  research.  Its unique i n t e r n a t i o n a l  -- but non- 
governmental -- pos i t ion  i n  t h e  systems ana ly s i s  f i e l d ,  and t he  
f a c t  t h a t  it works i n  many f i e l d s  of r e l a t e d  concern (Energy, 
Resources, Environment, Manpower and Health, Mdagement, Tech- 
nology, e t c . )  makes it an i d e a l  base fo r  a  c r ea t i ve  exchange of 
information, methods and ideas.  The co l l abora t ive  na tu re  of 
t h i s  program i s  seen t o  be fundamental t o  i t s s u c c e s s  i n  providing 
improved information and methodologies f o r  those  involved i n  
pol icy  decis ions .  

I n  con junction with t he  considerat ion of environn~ental  
i s sues ,  add i t i ona l  program components a r e  focusing on the  devel- 
opment and app l ica t ion  of procedures f o r  planning, organiza t ion ,  
management, and in t roduct ion  of innovative technology i n  t h e  
coa l  ex t r ac t i on  indust ry .  Those study components a r e  not  
d i r e c t l y  addressed i n  t h i s  paper. 



ABSTRACT 

This paper presents a framework for incorporating more 
fully specific regional environmental goals into a coal-based 
energy planning process. The framework utilizes the developed 
theory of multiattribute decision analysis to structure the 
problem of attaining a preferred balance between interrelated 
coal use and environmental goals. The decision analysis method 
of "satisficinsn is proposed as an approach for focusing on a 
major regional environmental issue in view of other constraints 
on coal use target levels, cost, technology, and overall 
environmental planning. Included is a discussion of the 
mechanisms for involving decision makers, scientists and other 
specialists in the assessment process. The proposed framework 
is illustrated by a hypothetical application to the issue of 
limiting coal related acid rain and other air pollutant effects 
in the U..S.-Canadian border regions. 
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A FF!A,PLEWORK FOR INTEGRATING REGIONAL 
ENVIRONMENTAL GOALS INTO COAL PRODUCTION 
AND UTILIZATION STRATEGIES 

L.J. Habegger, L.J. Hoover, N.V. Vorontsov 

INTRODUCTION 

Recognition of the limitations of present energy use 
patterns that rely heavily on increasingly scare supplies of 
natural gas and oil has led to extensive assessments of the 
potential for the utilization of alternative more abundant 
energy resources. Coal has been identified in a number of 
studies and in several government policy statements as a resource 
that could provide an increasing proportion of energy require- 
ments for specific countries. Specific regulatory policies 
have been developed to stimulate substituting coal in the in- 
dustrial and utility sectors for dwindling supplies of natural 
gas. At the same time, significant increases in coal-related 
research and development efforts have occurred to provide the 
technological basis for increased coal use. Furthermore, policy 
analysts are evaluating the potential for a world coal market, 
including both raw coal and coal derived products, such as 
methanol. 

Parallel to the interest in increased coal use, coal re- 
lated environmental policies and standards have become more 
demanding in all phases of the coal fuel cycle. In addition to 
tighter standards on air quality emissions, surface water con- 
servation, and mining area reclamation, new environmental pro- 
grams for solid waste disposal, resource recovery, and ground- 
water conservation have been implemented or are being proposed. 
The full ramifications of these environmental programs to both 
the coal industry and the overall environment are unknown. 

From an industry standpoint, the uncertainties in the coal 
environmental policy framework make production and use decisions 
difficult. These environmental considerations are increasingly 



being recognized as having importance often equalling, or even 
exceeding, the importance of economic development considerations. 

From an environmental standpoint, changes in coal tech- 
nologies and utilization patterns that result from specific 
energy or environmental policies can have impacts or tradeoffs 
in all environmental areas. Technologies required for air 
emission control, for example, could have significant implica- 
tions for waste disposal problems. Alternatively, a regional 
siting pattern and coal technology mix that emphasizes water 
conservation in water shortage areas will also affect the level 
and distribution of atmospheric emissions and solid wastes 
generation. 

The first part of this paper provides an analytical struc- 
ture for dealing with a broad range of coal and environmental 
planning needs based on modern decision analysis methods. 
Typical planning constraints and attributes of desired solutions 
appropriate to program objectives are included. The second part 
of the paper illustrates the potential application of this 
methodology to a case study of alternate strategies for limiting 
acid rain effects of future coal use in the U.S.-Canadian border 
regions. 

A DECISION ANALYSIS FWIEWORX 

The generic procedure for national or regional coal-based 
energy planning, as illustrated in Figure 1, generally proceeds 
from projections of future coal demand based on economic analyses 
of total energy demand and consideration of alternate energy 
resources and technologies. The more detailed identification of 
viable coal strategies to achieve target supply levels typically 
takes into account additional regional factors, one of which is 
environmental impacts. Variations in coal use strategies which 
can have an impact on environmental impacts include alternatives 
in siting patterns, final energy form (e.g., synthetic oil or 
gas vs. electricity), end use (e.g., industrial vs. residential 
applications), coal characteristics (e.g., high vs. low sulfur), 
coal extraction technologies (e.g., deep vs. surface mines), and 
environmental control technologies. Each of these alternatives 
may present specific environmental advantages, for example, 
reducedwater impacts, but often with a resultant trade-off of 
higher economic cost or increased impacts in other environmental 
areas such as waste disposal and land use. 

The overall objective of the environmental component of the 
IIASA study is to develop and test procedures for obtaining an 
"acceptable" balance between coal use strategies an2 environ- 
mental goals. Conflicts between coal-related environmental 
impacts and environmental goals may force changes in the 
economic and resource based projection of future coal demands. 
However, the proposed study approach will at least initially 
focus on approaches for coal/environmental planning for fixed 
regional coal demand projections. This serves the purpose of 
limiting the initial program objectives but, as will be shown 
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l a t e r ,  t h e s e  r e s u l t s  can be c o n s i s t e n t l y  l i nked  through a  
h i e r a r c h i c a l  framework t o  t h e  broader  ~ r o b l e m  of environmental  
goal  impact on f u t u r e  c o a l  demand p r o j e c t i o n s .  

The b a s i c  problem o f  s e l e c t i n g  a  c o a l  use s t r a t e g y  t h a t  
achieves  an accep tab le  ba lance  between va r ious  environmental  
impacts,  c o s t s  and o t h e r  f a c t o r s  a s  s t a t e d  above can be set i n  
a  m u l t i - a t t r i b u t e  d e c i s i o n  a n a l y s i s  formulat ion a s  fol lows:  

Define: 

E :  Se t  o f  p o s s i b l e  c o a l  use  s t r a t e g i e s  

P o s s i b l e  s t r a t e g i e s  product ing t a r g e t  c o a l  use  
l e v e l ,  and meeting o t h e r  hard ( technology)  
c o n s t r a i n t s  

Q~ 

= f ( E p ) :  P o s s i b l e  consequences of  c o a l  use  s t r a t e g y  op t ions ,  
f o r  example, 

Qp = range of water  use 
water  p o l l u t i o n  Ietc. i 

Problem: 

Find t h e  s t r a t e g y  X E Ep t h a t  has  a  set of  consequences Qo t h a t  
a r e  minimum a c c o r d h g  t o  t h e  d e c i s i o n  makers' p re fe rences .  

Some b a s i c  f e a t u r e s  of t h i s  problem formulat ion and i t s  
s o l u t i o n  a r e  g r a p h i c a l l y  i l l u s t r a t e d  i n  Figure  2 f o r  t h e  c a s e  
where two c o a l  s t r a t e g y  consequences, c o s t  of energy produced 
and s u l f a t e  ( S O 4 )  a i r  p o l l u t i o n  l e v e l s  a r e  cons idered .  With 
t h i s  s i m p l i f i e d  problem, it i s  e a s i l y  seen t h a t  t h e  p r e f e r r e d  
s t r a t e g y  i s  one wi th  consequences somewhere on t h e  boundary 
i n d i c a t e d  wi th  a  s o l i d  l i n e .  For a l l  s t r a t e g i e s  wi th  con- 
sequences on t h i s  l i n e  ( r e f e r r e d  t o  a s  Pareto-opt imal  s o l u t i o n s )  
a  decrease  i n  s u l f a t e  l e v e l  can on ly  be achieved by an i n c r e a s e  
i n  c o s t ,  and v i c e  ve r sa .  

To o b t a i n  a  unique s o l u t i o n ,  t h e  a n a l y s t  may s p e c i f y  a l l  
consequences i n  equ iva len t  u n i t s ,  f o r  example monetary va lue  of 
environmental  parameters such a s  inc reased  a i r  p o l l u t a n t  l e v e l s .  
This  approach i s  s e v e r e l y  l i m i t e d  by c u r r e n t  i n a b i l i t y  t o  
adequately  p l ace  a  monetary va lue  on environmental  q u a l i t y .  
A l t e r n a t i v e l y ,  a  unique s o l u t i o n  i s  obta ined  through knowledge 
of  decision-makers '  p r e f e r r e n c e s ,  o r  u t i l i t y  f u n c t i o n ,  t h a t  i n  
e f f e c t  weight t h e  r e l a t i v e  importance placed by those  persons on 
each consequence. 
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Figure 2. Typical cost and SO4 level tradeoffs 
for coal use strategies. Points on 
heavy line are Pareto-optimal. 

The use of utility functions has been well developed theo- 
retically, including procedures for extracting decision-maker 
relative preferrences, or utility functions, and ap~lication of 
statistical approaches to take into account uncertainty and 
risks. Reviews of these approaches can be found in the litera- 
ture. (See for example, references 1,2,3). 

Although the theory of multi-attribute decision analysis 
is well-developed, its practical application often encounters 
considerable difficulties. These problems of applications 
typically relate to the following type of issues encountered in 
obtaining decision-maker relative preferences; 

- Time required of decision-makers - Decision-makers' inconsistency over time - Modeling difficulties in portraying impacts and tradeoffs 
of primary concern - Decision-makers tend to think in terms of independent 
"acceptable" goals for each consequence. 

These pragmatic problems of application have led researchers 
to seek alternate approaches. One such approach, the method of 
' l ~ ~ ~ ~ e ~ ~ i ~ e  concessions," initially requires only a ranking of 
consequence priority. [4] This ranking, which is in general 
easier to determine than a quantitative weighting, is conceptually 



compatible with the approach comonly use by environmental 
regulatory agencies when focusing on the real or perceived 
central environmental issues in a region. 

To illustrate the method of successive concessions, assume 
a consequence ranking: 

Q = SO4 level 

Water use 

Step 1 

0 Find the strategy with minimum SO4 level = q1 (Scalar 
Optimization) 

Find the strategy with minimum cost q;, given the constraint 

0 
91 2 q1 + A (Concession on SO 4 level) 

Step 3 

Find the strategy with minimum water use qO, given the constraints 3 

< qy + Aq2 (Concession on cost) 92 - 

An illustration of the first two steps is given in Figure 3. 
This approach generally requires an iterative procedure to obtain 
an acceptable solution. 

To apply the method of concessions at least some information 
is assumed available to make acceptable concessions. For example 
this information may include: 

- Cost of coal derived energy that is competitive with oil, 
gas, nuclear, etc. 

- Regional water availability and competing demands 
- Water quality standards - Cost/benefit analysis of environmental impacts 
- Information on unavoidable consequences from previous 
analysis 

As an alternate to the method of successive concessions, 
an approach under the generic title of "satisficing" makes use 
of this information to set acceptable levels for the lower 



COST 

SO, LEVEL 

Figure 3. Method of successive concessions with 
minimum cost given concession on 
optimal SO4 level. 

priority objectives, thereby converting th2se objectives into 
initial soft constraints that may be revised as lecessary in 
subsequent iterations.[5] 

To illustrate the method of satsificir-g, th. following 
approach would be utilized in the previo,ls example: 

Step 1 

Identify the priority consequence, say qL  = SO4 invel. 

Step 2 

Establish initial estimates of constraints for the remaining 
consequences 

q3 2 q; (water use) 

Step 3 

Determine minimum q0 (Scalar Optimization) 1 



Step 4 

DM decides "is the solution acceptable?", with the following 
possibilities. 

A )  Yes -- problem is solved 
B) No -- would like to reduce qlt SO4 level. Return to 

Step 2 with relaxed constraints selected by DM. 
For example, since qj, water use, is low priority 

q3 ' 4; + Aq3 

Return to Step 3 to find newominimum qO' 
C) No -- willing to increase ql to redud, say, q2, the 

second priority consequence. Set constraint 

Find minimum qz (Scalar Optimization) 

The first three steps of this approach are illustrated in 
Figure 4 for the 2-dimensional case of cost and sulfate (SO4) 
air pollution consequences. Again an iterative procedure is 
generally required to achieve an acceptable solution. 

COST 

SO, LEVEL 

Figure 4. Method of satisficing with minimum SO4 
level given constraint on maximum cost. 



Consideration of the above approaches leading to a deter- 
mination of "acceptable" solutions naturally leads to the question 
of the relation of these solutions to the "optimal" solution of 
the multiattribute decision analysis problem as originally 
formulated. A theoretical link to the optimization problem has 
in fact been established through the use of a hierarchical 
analysis as illustrated in Figure 5 . [ 6 ] .  If the scalar optimiza- 
tion as outlined above for the priority consequences is also 
performed separately for each of the other consequences, with or 
without constraints for the non-optimized consequences, the com- 
bination of these separate solutions using an appropriate 
weighting function produces the overall optimal solution. 
Furthermore, the hierarchical approach to finding the optimal 
solution can be extended to a still higher level to include 
determination of an optimal level of coal use relative to other 
energy forms. Although this relation has been theoretically 
demonstrated, its application is complicated by the requirement 
for determining a related Lagragian function. Thus, although 
obtaining the overall optimization may in practice not be easily 
achievable using these approaches, the theoretical compatibility 
of "acceptable" and "optimal" solutions lends further credibility 
to the use of "acceptablen solutions as proposed in this paper. 

An additional variation in approaches to achieving accept- 
able solutions, which is under development at IIASA and else- 
where, proceeds by initially identifying reference objectives 
(i.e., desired goals) for all of the consequences[7]. A solution 
is obtained by determining the set of Pareto optimal consequences 
that are "closest" to the reference objectives according to a 

MULTIATTRIBUTE 
DECISION 
PROBLEiY 

SCALAR 
OPTIMIZATION 
PROBLEM 

1 1  rain U = U{Q (X - ) ,QZ(xZ), - . . . ,Q~(Z~) I 
X i c ~  

I 1  
min Q ( 5 )   in a2(x2) . . . min Q~(X") 

. 
- - 

1 X aEi 2 - - X cE2 X ~ E E  - I?! 

Figure 5. Hierarchical multiattribute decision 
analysis based on constrained scalar 
optimization of individual attributes. 



defined norm. This resultant solution can be retroactively used 
to identify a utility function that would give the same solution 
if used in an optimization approach. 

The involvement of decision makers is a key element in each 
of the above approaches and thus warrants further consideration. 
Considerable research has been conducted into procedures for 
making this involvement effective (see for example references 
1,2,3), including psychologically oriented "soft-science" 
aspects related to human interactions. The discussion in this 
paper will be restricted to a summary of an apparently effective 
approach reported by C.S. Holling (ed.1 and based on a previous 
collaborative IIASA study to develop an adaptive approach to 
environmental impact assessment and management [ 8 ] .  From this 
study evolved recommendations for specific procedures for 
decision making based on a number of studies of renewable 
resource problems in different national settings: renewable 
resource management and disease control in Venezuela and 
Argentina; range and wildlife management in the United States; 
developmental and oceanographic problems in Europe; ecological 
process studies in the Soviet Union; renewable resource and pest 
management systems in Canada. Although these issues are not 
directly related to environmental problems associated with coal 
use, the successful development of effective approaches to 
decision making with a variety of environmental issues provides 
the impetus for the consideration of adopting these broadly 
defined techniques in the Coal: Issues for the Eighties program. 

A basic element of the proposed procedure is the convening 
of a series of workshops involving a core group of analysts and 
key specialists including policy makers, environment and resource 
managers, and scientists. The role of the specialists is to 
focus the analysis on the issues critical to decision making, 
to define viable strategy options, and to provide the analysts 
with an access to relavent input data. An important function 
at the initial workshop is the development of the basic structl~ze 
of the model to be used for assessing strategy options. Compared 
to the more familiar approach of having analysts independently 
develop the modeling tools, participation by decision makers and 
scientists ensures that the model output will produce results 
related to relavent decision issues and that state-of-the-art 
knowledge on dynamics of environmental impacts is included. 

The role of the core group is to coordinate workshop 
activities and to implement the defined assessment model for the 
iterative determination of optimal or acceptable strategies as 
described previously in this paper. Subsequent workshop sessions 
are convened to evaluate interim model results and prescribe 
further steps in considering additional alternatives, or possible 
modelling revisions as required to move toward an acceptable 
balance between tradeoffs. 
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A CASE STUDY EXAMPLE 

To illustrate the approaches proposed in the preceeding 
discussion for integrating regional environmental goals into 
coal production and utilization strategies, this section of 
the paper considers various aspects of an ongoing decision 
making process for limiting transboundary air pollutant effects 
related to coal utilization in the U.S. and Canada boundary 
regions. The decision making process in this example centers 
on the jointly announced intention of the U.S. and Canadian 
governments to develop a formal coopesative bilateral air quality 
agreement [ 9 ] .  

This recognized need to control transboundary air pollutants 
stems from various factors. A primary factor is recent data that 
shows that precipitation in these regions has become increasingly 
more acidic, as illustrated in Figure 6. This increase in acid 
precipitation is at least partially due to increases in sulfur 
and nitrogen air pollutant compounds [lo]. There is increasing 
concern that this acidic precipitation can have a profound 
impact on the prevalent natural aquatic and terrestrial ecosysten.s 
in parts of this region where geological conditions provide 
minimal buffering capacity [11,12,13]. In addition to impacts 
on natural ecosystems, these air pollutants can also have a 
deleterious effect on human health, visibility, building materials, 
and commercial forest and crop production. 

1975-76  
Regions affecred b y  acld rain 

Figure 6. Isopleths showing annual average pH 
of precipitation in eastern North 
America (adapted from ref. 10) - 



Limiting the levels of these air pollutants and their 
effects in this region involves a much larger geographic area 
since the residence time of certain nitrogen and sulfur com- 
pounds in the atmosphere may be several days during which they 
may be transported several hundreds to thousands of kilometers-- 
distances that are comparable to the extent of eastern North 
America. 

Although the relative impacts of individual air pollutant 
emission sources on this region is not directly available, an 
indication of their importance can be obtained by considering 
national emission data files. It has been estimated [14,15,16] 
that of the total 1975 SO2 anthropogenic emissions of 25.7 
million metric tons per year in the U.S., 81% result from 
utility and other combustion facilities. For Canada 32% of the 
total of 5.0 million metric tons per year of SO2 emissions is 
from combustion sources and 44% is from non-ferrous smelters. 
For 1975 NOy emissions, 52% of 22.2 million metric tons per year 
total emissions in the U.S. is from combustion sources, and 32% 
of 1.9 million metric tons per year total in Canada are from such 
sources. A significant percentage of NOx emissions - 45% in the 
U.S. and 63% in Canada - results from transportation emissions. 

The high percentage of sulfur and nitrogen emissions from 
combustion sources clearly indicates the important role that 
must be given to controlling both current and future sources of 
this type in strategies for limiting future acid precipitation 
in the U.S. and Canada. For sulfur emissions in particular, 
the involvement of strategy planning for future coal use, and 
possibly further controlling emissions on existing coal use, is 
critical. The necessity of considering coal strategy options 
in the environmental planning is given increased emphasis 
because of the current U.S. policy for increased reliance on 
coal as an energy source with as much as a doubling, or more, 
of U.S. coal production and use projected for the 1975-1990 
period [17 I .  

With this as background, the decision making or planning 
process for limiting U.S.-Canadian transboundary air pollutants 
in view of increased coal use can be discussed in relation to the 
proposed generalized framework described in the preceeding 
section. As of this writing this ongoing decision making process 
has not been explicitly structured to conform to the generalized 
framework described in this paper and the following discussion 
is not intended to be a critical review of the ongoing process 
which takes into account various unique controlling technical, 
institutional, and legal factors that are beyond the scope of 
this paper. Rather, the purpose of the following is to discuss 
from a broader perspective how components of the proposed frame- 
work could in general be effectively utilized in a realistic 
situation based on observations of an ongoing coal/environmental 
planning problem. 



Following the decision analysis methodology termed 
"satisficing" in the previous section the following components 
are required: 

- Organizing workshops involving a core analysis group and 
policy makers, scientists and other specialists 

- Defining coal utilization objectives 
- Definding coal strategy constraints for energy costs, 
siting, technology options, and environmental impacts 
other than transboundary air pollutants 

- Determining strategies for minimizing transboundary air 
pollutants in view of defined constraints - Iterations to obtain an "acceptable" balance of tradeoffs. 

As a minimum the workshop should include representatives 
of energy and environmental planners from both the U.S. and 
Canada, preferrably from both national and state or province 
levels. The administrative level of persons to be involved is 
dependent on whether the output of this process is a final de- 
cision to be implemented or only recommendations to be provided 
to higher level authorities responsible for final decision making. 
But in either case the participants should be familiar with 
objectives and constraints of the final decisions to be made. 
The scientists' role is to transmit the best available information 
on the known and potential impacts of the air pollutants and the 
physical mechanisms of pollutant transport and available models. 
In the case of acid precipitation and its effects, significant 
gaps currently remain in this desired knowledge and thus the 
scientists role in this case, as with many issues involving 
environmental impacts, includes providing a clear indication of 
the limits of knowledge. In view of the available scienti.fic 
information and uncertainties the initial workshop sessions 
would be oriented toward defining air quality objectives, 
expected coal use levels, coal strategy alternatives and con- 
straints for achieving those levels, and outlining the basis 
for modeling strategy alternatives to assess tradeoffs. In the 
actual ongoing decision making process related to the U.S.- 
Canada transboundary air pollutants, various diverse groups of 
scientists and planners have in fact been convened to discuss 
these issues, albeit often with more limited objectives or some- 
what different strategies for achievizg decisions or recommend- 
ations for decisions that can be implemented. 

The proposed approach for coal/environmental planning 
assumes availability of projections for total regional coal 
utilization. For the U.S. and Canada these projections are 
available from studies by utilities, industry, and national and 
regional energy planners. Thus for this case study what is 
required is a consolidation of these studies into a single 
projection or range of projections. As required these pro- 
jections can be provided in detail which give limits on: coal 
availability of differenttypes, coal use by sectors of the 
economy, coal conversion technology, emission control technology, 
regional siting patterns, etc. In addition to physical and 
technology constraints, limitaticns on cost of coal-derived 



energy must be included so that coal remains competitive with 
other energy forms. 

Under the proposed approach the coal strategy options for 
limiting air pollution are to be constrained by a limitation in 
impacts-on other environmental media such as water, solid waste, 
and land use. As a minimum these limitations should be compati- 
ble with existing environmental protection regulations or plans. 

Having defined the constraints for the coal strategy options, 
the analysis proceeds by determining the minimum air quality 
impact achievable within the range of strategy options. Various 
air quality criteria may be used for determination of an optimal 
strategy given the constraints. The most straightforward 
criteria is minimizing total emissions. More refined criteria 
that make use of information on pollutant transport and impact 
mechanisms could be a minimization of cumulative human exposure 
in all regions, minimization of peak exposure, or a minimization 
of exposure in regions with sensitive ecosystems. 

In general, it can be expected that additional coal strategy 
options and constraints will need to be iteratively considered 
to obtain the desired "acceptable" balance between the minimized 
air quality impact and other associated environmental tradeoffs. 

A generalized mathematical formulation for the constrained 
air quality minimization problem is presented in the Appendix. 
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APPENDIX: CASE STUDY MODEL FORMULATION 

This appendix provides a conceptual mathematical formula- 
tion for a coal strategy optimization problem that minimizes 
air quality impact under various constraints. The basic variable 
is: 

'ii ... t : Level of coal-derived energy consumed where 

i: final energy form (electricity, synfuels) 
j: user (industry, residential, transportation) 
k: user location (region) 
1: coal conversion technology 
m: conversion siting 
n: coal source, classification 
o: coal preprocessing technology 
t: time 

Constraints* 

1. Total coal derived energy consumed in t h e  region 

2. Sector and region market potential for specific energy 
forms 

x 

X - - 
- Cxij ... t '  where the summation is over all subscripts a . .  .b 

except a...b 



3. Maximum cost for energy form that is competitive. 
Let Pij unit production cost for Xijaeat, ... t* then 

0 

X ij ... t = O f  for 'ij . . .t ' 'ijkt (competing energy 

price) 

4. Maximum transport distance for coal and final energy 
form. Transport distance limitations can be included 
as part of total production cost limitations in 3. 

5. Maximum quantities of coal and energy in final form 
that can be transported. 

6. Siting and technology limitations due to other environ- 
mental goals. In the most general linear form, 

-5 # whete C - is the impact transfer vector, and st is the 
maximum allowable impact in region i' at time t. 

7. Limits on availability of new technology 

8. Limits on regional coal extraction 

9. Coal import limits 

The solution requires a minimization of air quality impact 
(or other impact) which is expressed in the form (see 
constraint 6) 

The final "acceptable" solution may require a concession 
on air quality limits or other previously defined constraints. 
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1. Introduction 

I n  people's Poland the  mining industry playa an important r o l e  

i n  development of na t iona l  economy p a r t i c u l a r  p a r t  i n  t h i s  respect  

f a l l i n g  t o  the  hard coal  output increas ing dynamically. This in- 

crease i s  i l l u s t r a t e d  by fol lowing quotas of year ly  output; 

1950 - 78 mln tons  

1960 - 104 mln tons  

1970 - 140 mln tons  

1980 - over 200 aln tons. 

Actually about 98 $ of t o t a l  output i s  obtained from dries of 
from mines 

Upper S i l e s i a n  Coal Basin and only 2 $'/of Eower S i l e s i a n  Coal Ba- 

s in .  I n  next years  t ne  output w i l l  begin flowing a l so  from mines 

o f  Lublin Coal Basin. 

To ensure the g rea t e r  and grea t e r  output the  extension of 

ex i s t i ng  mines and const ruct ion of new ones i n  the  Upper S i l e s i a n  

I n d u s t r i a l  aegion is  necessary) perspective mining areas  foreseen 

f o r  l o c a l i z a t i o n  of new mines are: t he  Rybnik Coal Bzsin a rea  and 

the VistUa area. 

2. E f f ec t s  of mining work r e s u l t i n g  i n  transformation 

o f  environment 

The mining work both by underground a d  opencast methode causes 

changes and transformations of t h e  s t ruc tu re  of lands covered by 

mining a c t i v i t i e s  the  noxious e f f e c t s  of these  transformations 

manifesting themselves the re  i n  conditions of high concentrat ion 



of population and compact set t lement of lands, Typical e f f e c t s  o i  

mining a c t i v i t i e s  exer t ing a noxiow influence on the  l i v i n g  con- 

d i t i ons  are: 

- transformation of ea r th  surface  and des t ruc t ion  of f e r t i l e  

ea r th  l aye r  connected with i t  (opencast workings, heaps, col- 

l apse  s ink  holes e t c , ) ,  

- noxious disturbances of water conditions underground and on 

t h e  surface  (disappearance of water, fens ,  water po l lu t ion  

e t c , ) ,  

- r e s u l t  cnanges i n  n a t u r a l  environment [moult, degradation o f  

s o i l  f e r t i l i t y ) ,  

- air pol lu t ion  (burning heaps).  

Among typ ica l  negative e f f e c t s  of a c t i v i t i e s  of mining p l a n t s  

i s  a l so  numbered the  de te r io ra t ion  of t echnica l  condition and ut i -  

l i t y  degree of building and engineering objects ,  So, on the  one 

hand mining the  mineral raw mater ia l  resources renders  access ible  

and de l ive r s  t he  na t iona l  economy indispenaable raw mater ia ls  and 

on the  o ther  hand t h i s  mining provokes a number of negative e f f e c t s  

on the  surface,  Therefore a need a r i s e s  f o r  appropriate a c t i v i t i e s  

withint 

a, mining work, 

b. u t i l i z a t i o n  and building-up of t h e  surface ,  

c,  protect ion of the  e s s e n t i a l  man's i n t e r e s t s  through maximum 

environmentzl protection,  

The eff icacy of these a c t i v i t i e s  depends primarily on l o c a l  na- 

t u r a l ,  demographic and technica l  conditions and on the way a d  

degree of u t i l i z a t i o n  of mineral resources. 



3,  3eve lognent  of mining c o a l  seams o c c u r r i n g  i n  

s s f e t y  p i l l a r s  i n  Poland 

In  t h e  post-war pe r iod  and e s p e c i a l l y  i n  t h e  l a8 t  two decades  

a l a r g e  s c a l e  mining work vdas developed i n  Eoland of c o a l  s e a s  

occu r r ing  i n  s a f e t y  p i l l a r s  of toivns and i n d u s t r i a l  p l a n t s ,  i n c l u -  

d ing  p i l l a r s  f o r  o b j e c t s  most s e n s i b l e  t o  ground movements, such as 

s t e e l  mills, coke p l a n t s ,  power s t a t i o n s .  The n e c e s s i t y  f o r  under- 

t a k i n g  mining work i n  s a f e t y  p i l l a r s  was d i c t a t e d  by d e c r e a s e  and 

a t  time by e x h a u s t i o n  of  r e s o u r c e s  o c c u r r i n g  under  n o t  b u i l t - u p  

lands. 

The a t t r a c t i v e n e s s  of mining c o a l  seams i n  s a f e t y  p i l l a r s  l i e s  

p r i m a r i l y  i n  i t s  h i g h  p r o f i t a b i l i t y .  The i n d u s t r i a l  r e s o u r c e s  of 

hard c o a l  i n  t h e  s a f e t y  p i l l a r s  of  p o l i s h  mines amount t o  more than 

5 m i l l i a r d  t o n s ,  The m a j o r i t y  o f  t h e s e  r e s o u r c e s  has been a l r e a d y  

developed which cons ide rab ly  i n c r e a s e s  t h e i r  v a l u e  f o r  n a t i o n a l  

econozny. T h e i r  e x t r a c t i o n  does  n o t  r e q u i r e  engagement of  major in -  

vestment o u t l a y s ,  
of 

The development of  mining , c o a l  d e p o s i t s  i n  s a f e t y  p i l l a r s  i s  

a consequence of the  permanent t e c h n i c a l  p r o g r e s s  i n  t h e  r ange  of 

technology of  d e p o s i t s  e x t r a c t i o n  and methods of  p r o t e c t i o n  of exis- 

t i n g  and newly e r e c t e d  b u i l d i n g s  on mining l anda ,  In t h e  pe r iod  

f rom 1950 t o  1975 one m i l l i a r d  t o n s  of c o a l  were e x t r a c t e d  f rom sa- 

f e t y  p i l l a r s ,  The p a r t  o f  c o a l  o u t p u t  f rom s a f e t y  p i l l a r s  i n  r e l a -  

t i o n  t o  t h e  t o t a l  p roduc t ion  i s  of about  40 $, 

On t n e  a r e a  of t h e  Upper S i l e s i a n  Coal Bas in  mining work i s  

performed under  almost a l l  towns i n c l u d i n g  c e n t r e  o f  Katowice and 

such i n d u s t r i a l  p l a n t s  as s t e e l  m i l l s  pokbj,  a o b r e k ,  Pe r run ,  power 

s t a t i o n  Szombierki  and Techn ica l  Equipment P l a n t  NLgoaaib, 



4. Uain d i r e c t i o n s  of a c t i v i t y  of t he  coal  mining industry 

i n  t he  range of environmental p ro tec t ion  

:,lain d i r e c t i o n s  of a c t i v i t y  of t h e  c o d  mining industry i n  the 

range of environmental protect ion include: 

- u t i l i z a t i o n  of wastes and l i qu ida t ion  of over-level waste 

dumps (heaps) ,  

- economia u t i l i z a t i o n  of water i n  coal  preparat ion p l an t s  (clo- 

sed cyc le s ) ,  

- desa l ina t ion  of mine water, 

- pro tec t ion  of bui ld ings  and ob jec t s  aga ins t  mining damage and 

e f f i c i e n t  removal of t h e  l a t t e r ,  

- l i q u i d a t i o n  of fens  and underfloodings of t h e  land caused by 

mining work, 

1 U t i l i z a t i o n  of wastes and l i q u i d a t i o n  of over-level waste dumps 

(heaps) 

Further dynamic inorease of hard coal  output fo recas t  f o r  fo l -  

lowing yea r s  w i l l  r equ i re  r e so lu t ion  of a number of e s s e n t i a l  and 

d i f f i c u l t  problem6 t o  which belongs i.a, t he  u t i l i e a t i o n  o f  s tone 

coming both from development work and coal  d ress ing  p lan ts ,  

The t o t a l  of waete s tone extracted from coa l  mines amounted i n  

1976 t o  about 44 mln m3, I t  i s  foreseen t h a t  t h e  r e l a t i v e  part  of 

stone i n  t he  output  of mines w i l l  no t  change, but i n  absolute  quan- 

t i t i e s  an inc rease  i s  foreseen of t h e  amount of t h e  extracted s tone 

i n  following yea r s  t o  about 48 mln m3 i n  1980 an? 56 mln m3 in 

1 990. 

The inc rease  of waste output from mines w i l l  a r i s e  aa consequen- 

ce of: 

- increase  of coal  output ,  

- execution of increas ing  amount of dead work and coal-dead 

work, 



- increase of mechanisation 09 coal ge t t ing  and loading, 

- exhaustion of coal. seams with low im?uri t ies  content, 

- increasing requirements r e l a t i ng  quali ty of coal being sold. 

4.1 -1. Wastes u t i l i z a t i o n  

To ensure environmental protection the mining department foresees  

with preference following d i rec t ions  of wastes u t i l i z a t i on ,  nanely 

for: 

- hydraulic stowage i n  mines, 

- pneumatic stowing and d i r ec t  location i n  mine, 

- processing f o r  aggregate e,g. by Haldex Plant,  

- engineering work and production of building materials ,  

- land l eve l l ing  ( cen t r a l  and mine dumping grounds). 

4.2. Liquidation and u t i l i z a t i on  of heaps 

On the premises of hard coal mines there are  104 over-level heape 

occupying an area of 860 ha with 157 mln m3 of capacity. 

Since many years  the mining department has undertaken energetic 

s t eps  towards stopping the increase of over-level heaps and a lso  

gradual  pull ing them doivn and using the  heap mater ia l  f o r  atowing, 

building and other useful purposea. A s  r e su l t  of t h i s  a c t i v i t y  only 

10 of wastes from current production is  dumped on heaps and a t  

the same time the number of mines dumping stones on over-level heaps 

diminishes systematically . The main direct ions of a c t i v i t y  i n  t h i s  

range are: 

- pulling down the heaps w i t h  assignment o f  material f o r  eco- 

nomic purposes 

- reclamation of heaps o r  t h e i r  a f fores ta t ion ,  

For r ea l i za t ion  of these tasks  a s p e c i a l i s t i c  Reclaiming Plant 

ia the  framework of the Stowing Materials Enterprise has been or- 



ganized by tne  mining department. On t r e  area of the  Upper S i les ian  

Coal  Basin yearly land reclamations a r e  following: 

- pull ing d o v n  ( l iqu ida t ion  of heaps, . , . , . about 40 ha 

- reclamation and af fores ta t ion  of heaps . about 50 ha 

Iidany heaps have been u t i l i z e d  as i n d u s t r i a l  grounds o f  mines, 

s e t t l i n g  ponds f o r  waahery ef f luents ,  spor t s  grounds and recreat ion 

grounds. 

A separate method o f  heap u t i l i a a t i o n  i s  t h e i r  reclamation and 

afforesta t ion.  The u t i l i z a t i o n  03 heaps through introduction on 

then of su i t ab le  vegetation requires  meticulous research and s tud ies  

in the way of adaptation of t r e e s  and bushes individual ly  t o  the  

kind and s t ruc tu re  of the  dumped heap material. Invest igat ions  in 

this  range a re  conducted i.a, by the  Establishment f o r  Environmen- 

tal Protection of  Indus t r i a l  Areas i n  Zabrze. 

5. Water economics i n  coal dressing p lan t s  

(closed water-slurry cycles), 

Coal cleaning i s  a t  the  present time generally aohieved i n  the 

water mediurn; the correct  solut ion of the water cycle technology 

as well a8 its equipment with highly e f f i c i e n t  machines and i n s t a l -  

l a t ions  i s  very much important and d i rec t ly  a f f e c t s  the  r e s u l t s  of 

operation o f  the  coal preparation plant. 

The considerations ofenvironmental protection require t h a t  the  

water-slurry cycle should be cloaed, Unt i l  qu i t e  l a t e l y ,  in s p i t e  

of using many complex appliances a f u l l  closing of the  water-slurry 

cycle has been impossible bocause of d i f f i c u l t i e s  with c lear ing 

and dewatering the suspensions from the l a s t  degrees o f  regenera- 

t ion  of c i r cu la t ing  water. 

A v i t a l  turn i n  solut ions  of the water-slurry cycle t o o k  place 

as soon a s  the production of new f locculants  was s t a r t e d  and in- 

troduced i n t o  i n d u s t r i a l  practice.  



New technologies o f  c los ing water-slurry cycles have been ap- 

plied b o t h  i n  ex is t ing  and newly designed dress ing plants,  The tech- 

nologiczl  solut ions  of  water closing have been based on machines 

equipment and f locculants  of home production. The i n d u s t r i a l  appli- 

cat ion of closed cycles technology i n  the coal preparation p lan ts  

brings the  na t iona l  econoqy considerable p r o f i t s  which i , a ,  f ind  

expression in:  

- l imi t ing  the f r e s h  water consumption which does not exceed 

3 0.1 nz of water per ton of cleaned coal,  

- improvement of coal qual i ty  parameters, 

- l i qu ida t ion  of open water contaminations by i n d u s t r i a l  wastes, 

Actually about 80 $ of coal preparation p lan ts  have got  closed 

water- elurry cycles, 

6, Desalination o f  mine water 

One of nub po ten t i a l  contaminationer of r i v e r e  in the  Upper 

S i l e s i an  Coal Basin i s  t h e i r  s a l i n i t y  hy a i n e  water, In  t h i s  con- 

nection in tense  work has been undertaken f o r  protect ion of s u p e r  

f i c i a l  water courees against excessive sa l in i ty .  

In t o t a l  about 900 000 m3/day are being pumped f r o m  mines o f  

the  Upper S i l e s i an  Coal Basin onto t h e  surface,  In  this amount sa- 

3 l i n e  water makee about 250 000 m /day w i t h  t o t a l  salt content of 

about 3300 t/dey, In the  Oder basin the mines pump about 110 000 

3 rn /day of  s a l i n e  water with a sa l t  content of about 2100 t/day, 

The pr inc ipa l  component of d r y  residue i s  sodium cnloride whioh 

predisposes i t  f o r  u t i l i z a t i o n  as chemical raw material. 

The s a l i n i t y  of underground water occurs a l so  i n  the region 

of Vis tula  baein, The construction of f u r t h e r  new mines i n  t h i s  

region depends i , a .  on the  solut ion o f  t he  problem of protect ion 

of Vis tula  r i v e r  and i ts  courses against  excessive s a l i n i t y ,  



To solve  this problem two methods have been developed; 

- u t i l i z a t i o n  method developed by the  Centra l  Mining I n s t i t u t e ,  

- hydrotechnical  method developed by t he  ;lain Office of Study 

and f in ing  Design of t h e  C o a l  Mining Industry,  

The u t i l i z a t i o n  method conois ts  in separation of t a b l e  salt and 

usable water from t h e  t o t a l  amount of ea l ine  mine water. T h ~ s  me- 

thod app l i e s  t o  strongly ea l t ed  mine water (more than 70 g/ l ) ,  

The pro to typ ica l  i n d u s t r i a l  p lan t  with processing capacity of 

2400 m3/d of br ine  of 100 g/l  o f  concentrntion has been started st 

the  mine ~ q b i d s k o .  The reeearch work i e  i n  progress.  The r e s u l t s  

of i t  w i l l  become a basis f o r  construction of f u r t h e r  p l an t s  of t h i s  

kind. 

The hydrotechnical method cons i s t s  in disposa l  from mines of sa- 

l i n e  water by epec ia l  uo l l ec to r s  t o  the  batching r e se rvo i r s  and 

then t o  t he  r iveraoder  o r  Vis tu la  i n  such a way as t o  keep i n  them 

permanently the  same salt concentrat ion in  t h e  admissible standard 

l imi ta .  For protect ion of the  Oder r i v e r  t h e  c o l l e c t o r  Olza and t h e  

batching r e s e r v o i r  on Oder r i v e r  w i l l  be constructed. For proteol  

t i on  of t h e  Vis tu la  r i v e r  preliminary work has been already s t a r t e d  

with e rec t ion  of batching r e s e r v o i r s  f o r  the  mines S i l e s i a ,  Brzesz- 

cze and Piaat .  

I n  oonaideration of the  present  a t a t e  of advancement of scien- 

t i f i c  and researoh work on t h e  u t i l i z a t i o n  method i t  i s  foreseen 

t h a t  hydrotechnical method w i l l  be used a t  l e a s t  as la te  as t i l l  

1990. I n  t h e  f u t u r e  a complex so lu t ion  is foreseen of r i v e r s  pro- 

t e c t i o n  agains t  s a l t i n g  by mine water by means of combination of 

the  u t i l i z a t i o n  and hydrotechnical methods, 



7. R e c l a i d n g  l a ~ d s  f o l l o ~ i n g  opencast ~ i n i n g  of stowing e m d  

In  the  Fol ish  h a d  coal  mining industry a l s o  hydraul ic  stowzge 

i s  used on a l a r g e  scz l e  f o r  f i l l i n g  mined out workinge, Yearly 

3 consup t ion  of stowing sand f o r  t h i s  purpose i s  of about 36 m l n  m . 
The stowing sand i s  mined by opencast method, In  consequence of 

t h i s  mining a c t i v i t y  waste l ands  a r i s e  in  form of sand workings 

not u t i l i z e d  f o r  the  time being. Alao on land8 adjoining t h e  open 

p i t  changes a r e  taking place i n  water condit ions a f f ec t ing  negati- 

vely husbandry and fo re s t ry  . 
Recovery of lands following opencast mining, i , e ,  so ca l led  

reclaiming a c t i v i t y  cons ia t s  of two p r inc ipa l  s tages;  

- t echnica l  reclamation, 

- proper management ( f o r e s t r y ,  husbandry, water r e se rvo i r s ) .  

To the  range of reclaiining work belong: 

- shaping the  r e l i e f  according t o  requirements of the ea tab l i s -  

hed management d i r ec t ion ,  

- regula t ion  of hydrological  conditions, 

- reproduction of s o i l  condit ions appropr ia te  f o r  vegetat ion,  

- in t roduct ion of f l o r a  of pioneer na ture  and technico-biolo- 

g i c a l  l i n i n g  of s lopee t o  ensure t h e i r  s t a b i l i t y ,  

- construct ion of indispensable network of access  roads, 

Shaping the  r e l i e f  belongs as  a r u l e  t o  t h e  most labour-con- 

suming and expensive procedures, I t  r e s u l t s  from t h e  f a c t  t h a t  tech- 

n i c a l  condit ions and ground p o s s i b i l i t i e s  r e s t r a i n e d  a8 a r u l e  

d i c t a t e  t h e  methods and technologies of dumping grounds erect ion,  

The reproduction of s o i l  condit ions i s  a t t a ined  through su i ta -  

h l e  f e r t i l i z a t i o n  and n e u t r a l i z a t i o n  of tox ic  lands,  These opera- 

t i o n s  a r e  preceded by de t a i l ed  f i e l d  and laboratory  t e s t 8  of physi- 

cal and chemical p roper t ies  of reclaimed grounds, as on a l l  d m  



ping grounds there i s  great  var ia t ion  of l i t ho log i ca l  const i tut ion 

of s o i l s  both i n  ve r t i c a l  and horizontal  section,  

It r e s u l t s  from l i tho log ica l  s t ruc ture  of overburden, The afore- 

-said t e s t s  are carried out by s c i e n t i f i c  and research s t a t ions  of 

the Polish ~cademy o f  Sciences and of Academy of Mining and Metal- 

lurgy i n  ~ a k b w  co-operating with the industry, In  consequence of 

theme t e s t s  the  mining p lants  obtain detai led guidelines concerning 

the method, kind and quan t i t i e s  of f e r t i l i z e r s  and neut ra l izere  t o  

be used, 

The perforasace of measures connected with mineral f e r t i l i z a -  

t ion  and neut ra l iza t ion  is  followed by the introduction of vegeta- 

t ion  of pioneer and p a r t l y  of final nature as biological  l i n ing  

of top areas and the whole elope system. The l i n ing  is  made out 

of grasay herbaceous, shrubby and a rbo re soa t  plants. 

The obeervationa made proved tha t  i n  many cases f u l l  l in ing  

can be resigned without prejudice fo r  i t s  pr inc ipa l  function which 

with sometimes very short  (spring-autunm) seeding periods gives 

moreover t hGposs ib i l i t y  of more systematic and d i r ec t  erosion pre- 

vention i n  the reclaiming work cycle. 

The reclamation of opencast mined sand workings consis ts  i n  

a f fores ta t ion  of mined out lands and i n  building of water reser-  

voirs. The Enterprise f o r  Stowing Materials adopted the method pa- 

tented i n  Poland of  f e r t i l i z i n g  barren sandy lands with bentonite 

silts and more precisely with so called eorbent f e r t i l i z e r s  pro- 

duced on the  bas is  of the l a t t e r .  By introducing them on lands 

being reclaimed anaxessential increase of sorp t iv i ty  and water ca- 

pacity of sandy lands has been at ta ined,  

A t  the same time implementation to  the reclaiming pract ice  of 

r e s u l t s  of t e s t s  and s c i e n t i f i c  experiments allowed the  reclaiming 

costs  t o  be reduced considerably, on the average from 120 000 zZ/ha 

t o  about 60 000 &/ha. 



1 A favourable consequence of reclamation by a f f o r e s t a t i o n  i s  

building p lan ta t ions  composed mainly of deciduous sgecies r e s i s -  

t a n t  t o  e f f e c t s  of gases, dus t s  and smokes emitted by the industry 

t o  the  atmosphere, 

Hence the  fundamental condit ion of growing economic value and 

extraproductive function of t h e  f o r e s t  i s  not  only the  increase  of 

a f fores ted  area but a l so  i t s .  p a r a l l e l  ac t ion  i n  t h e  way of r a d i c a l  

l imi ta t ion  o f  dust  and smoke emission t o  atmosphere. Apart from 

a f f o r e s t a t i o n  equivalent fun'ctione i n  environmental protect ion are 

accomplirshed on the  areas of i n d u s t r i a l  and urban cent res  by ap- 

p ropr ia te  forma of dispersed tree-plantiqg. 

The sand workings a r e  u t i l i z e d  a l s o  f o r  bu i ld ing  water reser-  

voirs .  Considering the -wa te r  d e f i c i t  incessan t ly  deepening on the  

sca l e  of t he  whole country, wbiah according t o  estimate8 w i l l  at- 

t a i n  1.5 mld m3 i n  1980 and even 5 mld d in 1990, bui lding o f  

multi-role water r e se rvo i r e  was s t a r t e d  on the  sand workings t o  

be u t i l i z e d  f o r  fol lowing purpoeest 

- r ec rea t ion  of i nhab i t an t s  of l a r g e  urban cent res ,  

- r e t e n t i o n  of water t o  keep optimum water flow i n  ex te rna l  

rece ivers ,  

- water in take  f o r  municipal, farming and i n d u s t r i a l  needs, 

M example of such so lu t ions  a r e  water r e s e r v o i r s  b u i l t  l a t e l y ,  

namely : 

- ChechZo-Nakko with an a r e a  of 85 ha 

- Phawniowice with an area of 245 ha 

- ~okonbg I1 with an a r e a  of 206 ha 

- Dzjebkowice with an a rea  of 463 ha. 

I n  consequence of reclaiming a c t i v i t y  of l ands  mined out f o r  

stowing sand following areas have been recovered; 



- f o r  fo res t ry  about 1500 ha 

- f o r  water economics about 1300 ha. 

In  subsequent years about 200 ha a year of sand workings i s  

foreseen on toe average f o r  reclaiming. 

8. Effect  of mining work on the change of water conditions 

A s  a r e s u l t  of mining work a change of hydrogeological condi- 

tions i s  taking place manifesting i t s e l f  by d i r e c t  and i n d i r e c t  

drainage, lowering o r  r i a i n g  of underground water surface,  change 

of hydraulic grad ien ts  i n  aquiferous layers ,  change of declines i n  

surf ace water courses, 

In  coneequence of  mining work being car r ied  on, t he  mines pump 

out great  q u a n t i t i e s  of water thue exhausting s t a t i c  reserves  of 

underground water. This water i s  many a t i n e  drained off outside 

the  basin 'area. The whole complex of overburden rocks together 

with the  surface provokes when lowering a ohange of the  ex i s t ing  

water condit ions not only within the subsidence trough but a l so  

outside i t s  range. 

When considering the  area of the  Upper S i l e s i a n  Coal Basin 

two pr inc ipa l  types of geological  s t ruc tu re  can be distinguished. 

In  the  geological  s t ruc tu re  of the  f i r s t  type waterproof for-  

mations a r e  missing i n  overburden of carboniferous which could 

i s o l a t e  surface and underground waters from Carboniferous s t r a t a  

drained d i r e c t l y  by mining excavations. 

I n  the  geological  s t ruc tu re  of the  second t y p e  there  is  i n  

overburden of Carboniferous one o r  more impermeable l aye r s  isola-  

t i n g  surface and shallow underground waters from aquiferous hori- 

zons i n  Carboniferous measures. 



In the  first hydrogeological system w e  have t o  do with the  phe- 

nomenon of a i r e c t  drainage which i s  characterized by considerable 

I expansion. Lowering of t he  p r i m a r y  water surface can be here seen, 

drying of f a r m  wells,  reduction o f  underground in t ake  y ie ld ,  drying 

of farming and f o r e s t  lands,  water i n f i l t r a t i o n  from surface cour- 

ses and reservoirs .  I n  majority of cases, however, a complete ae- 

watering of e t r a t a  doee not  take place a s  simultaneously with drai-  

nage goes on t h e i r  supply through i q f i l t r a t i o n  of p rec ip i t a t ions  or 

water courees and surface reservoirs .  A l so  heterogeneity of geolo- 

g i c a l  s t r u c t u r e  - occurrence of  l enses  of l imi ted  permeability - 
- contributee t o  the  reduction of negative drainage e f fec t s ,  

Dewatering of l a a d s  owing t o  drainage e f f e c t  takes place on lar- 

ge areas of eas te rn  and northern pa r t  of the  Upper S i l e s i an  Coal 

Barin i n  the  region of Jaworzno, Siersza ,  ~hraanbw, wakowice, Byton, 

Olkuoz, Katowice, Hurcki and Mikokbw. 

In the second hydrogeological system the  occurrence of permanent 

i s o l a t i n g  s t r a t a  decidedly prevents the  drainage process of aqui- 

ferous horizons occurring i n  overburden of eorboniferoua measures. 

In  t h i s  caee there  i a  a phenomenon of i n d i r e a t  drainage consis t ing 

i n  elow t r i c k l i n g  of water f rom higher aquiferous horizons t o  car- 

boniferoua measares being drained off  d i r e c t l y  by mining excava- 

tions. On areas of surface subsidence caused by minbg work the  

surface of underground water i s  r i s ing ,  I n  the  case of formation 

of troughs without outflow the  subsidence w i l l  ocasion an outflow 

of underground water and i n  consequence underflooding of land aria 

formation o f  fens,  These phenomena occur i n  western and southern 

pa r t  of the  Upper S i l e s i an  Coal Basin and pa r t i cu la r ly  i n  the  re- 

gion of mines BrZesZCZe and S i l e s i a  (Soka and Biakka r i v e r s ) ,  i n  

the region of  mines Makoszowy, ~ o b n i c a ,  SzczygZowice, I h u r b w ,  C l i -  



wice (bas in  of Kkodnica r i v e r )  and i n  t he  region of t he  Rybnik Coal 

Basin, Further  mining w i l l  br ing about t h e  increase  of ex i s t i ng  

troughs without outflow and formation of f u r t h e r  ones i n  the  region 

of mines Chwakowice, Marcel, Jankowice and i n  the  region of mines 

Jas t rzqbie ,  Moszczenica, Pan i fes t  Lipcowy, Swierklany. T h i s  problem 

becomes presently extremely important with regard to  the  dimensions 

of t he  phenomenon, The value of laud suboidence owing t o  mining 

work w i l l  reach up t o  10 m and i n  places  more and t he  area of un- 

derfloodinga and fena - i f  no hydrotechnical  measures were u n d e r  

t d e n  - caneover a considerable p a r t  of t h e  mining region, 

The lowering8 of land sur face  e n t a i l  at the  sane time changes 

of i n c l i n e s  of surface  water couraes, The decreaae of i n c l i n e  c a u e a  

a l so  t h e  reduct ion of speed, flow and increase  of thickness of wa- 

t e r  l ayes .  in the  couree, while t he  increase  of i n c l i n e  - the  growth . 

of underground erosion and drainage of aquiferous layer.  

To counteract  these  negative e f f e c t s  regula t ion  of coursea i s  

accomplished. These measurea a r e  most of ten ca r r i ed  aout together  

with drainage of f  of adjoining lands. The c o s t s  of these operat ions 

are very high, so f o r  ins tance t h e  regula t ion of Kkodnica r i v e r  

and drainage of lands  adjoining t o  i t  at the  l eng th  of about 15 km 

is  t o l d  t o  amount more than 1 m i l l i a r d  zzotys. 

9, Surface pro tec t ion  agains t  mining damages 

Occurrence o f  mh ing  damagee i s  connected inseparablg with m i -  

ning work and manifests i t s e l f  ae surface  deformations, damages 

t o  ob jec t s  and equipment and excessive dryingsor f loodings of land, 

Counteracting t h e  afore-said e f f e c t s  of mining a c t i v i t y  to- 

wards t h e i r  maximum l i m i t a t i o n  i s  a t t a ined  by using primari ly struc-  

t u r a l  prophylaxis cons i s t ing  i n  adaptat ion of e x i s t i n g  and desig- 

ned ob jec t s  and equipment on the surface  t o  rece ive  t h e  defined 



aining e f f e c t s ,  Pa ra l l e l l y  o r  i n  m u t a l  connection mining proshy- 

l a x i s  i s  used consis t ing i .a ,  i n  f i l l i n g  excavations with sand and 

barren rock and i n  appropr ia te  choice of mining f r o n t s  (so ca l l ed  

co-ordinated mining) , 

Every gear  the mining department expends considerable sums l o r  

prophylact ic  p ro tec t ion  of ob jec t s  and equipment and f o r  removal 

of damages caused by mining work. 

On t he  b a s i s  of t he  analysis of sums spent  on removal of m i -  

n ing damages considerable i nc rease  of out lays  has  been ascer ta ined 

on: 

- removal of damgee i n  ob jec t s  and r a i l w a y  rou tes ,  

- regula t ion  of r i v e r s  and water courses, 

- renovation of roads and s t r e e t s ,  

- s u b s t i t u t e  bui ld ing engineering. 

This t rend towards increase  of outlays f o r  removal of mining 

damages w i l l  be .kept up i n  subsequent years,  Tota l  expenditure and 

overhead& pe r  1 - t o n  of output  in the period till 2000 are foreseen 

in  following amounts (according p r i ce s  from 1975)t  - 

1980: 3200 mln 23: and 16.0 zk/t o f  overhead8 

1990: 5200 mln zk and 20.0 zk/t of overheads 

2000; 7500 mln ak and 25.0 zZ/t of overheads. 

Pa r t i cu l a r ly  high increase  of out lays  f o r  mining damages w i l l  

f a l l  to: 

- regula t ion  of  r i v e r s  a n d  water courses and draining off Pens 

about 2 0  y6 of t o t a l  outlaya f o r  mining damages removal, 

- s u b s t i t u t e  bui ld ing engineering about 40 $ of t o t a l  out lays  

f o r  damages removal, 

The considerable i nc rease  of out lays  f o r  s u b s t i t u t e  housing 

bui lding r e s u l t s  from conducting mining work under l a r g e  urban 



agglomerations (about 30 $ of coal resources occur i n  safety p i l -  

lars), The exis t ing  development of town'of the Upper Si les ian Coal  

Basin i s  not adapted f o r  receiving mining ef fec ta ,  Considerable 

wear  of buildings ( t h e i r  age of more than 50 years )  and the  l o w  

standard of equipment do not j u s t i f j  technical  and economic use- 

fulnesa of performing i n  such objects  protections (building prophy- 

laxis) o r  r epa i r s  of d-ed buildings, 

10, Recapitulation 

It r e s u l t s  from the presented survey of problems o f  environmen- 

tal protection on lands connected with coal extract ion,  particu- 

l a r l y  om the area of the Upper S i l e a i m  C o a l  Basin (more than 9 8  $ 

o f  coa l  production is obtained from this basin) where on a r e l a t i -  

vely small azea apa r t  from the eoal mining industry a r e  located 

the heavy, bemica l ,  machine-building induetr ies  and where develop 

townr with compact aettlenaent and dense population t ha t  the solu- 

t ion  of a number of problems connected with environmental protec- 

t ion of man against  e f feots  o f  coal mining a c t i v i t i e s  were a  t r ue  

and la rge  success, 

Pa consequence o f  mining work conducted under towns and indus- 

t r i a l  plants  considerable resources of coal were recovered which 

enabled the l i f e  time of mines with exhausted resources t o  be pro- 

longed without engaging considerable investment outlays which would 

be necessary f o r  construction of new mines, The achievements i n  

the range of environmental protect ion a re  r e su l t  of the common ac- 

t i v i t y  of the science and prac t ice  o f  looking i n to  these problems 

by the  mining department and a l so  are e f fec t  of posi t ive a t t i t ude  

towards these plans of municipal and provincial of f ices ,  

The development and study of problems of environmental protec- 

t ion  w i l l  allow fu r the r  mining of coal i n  the region of Upper and 



Lower S i l e s i a  and even improvement o f  ecological conditions of the 

region, 

To ensure execution of a c t i v i t i e s  i n  the w a y  of  environmental 

protection the mining department develops the Establishment f o r  

Reclamation and Hydrotechnica a t  the Enterprise of Stowing Eate- 

r i a l s  of the Coal BLining Industry and creates a reclainring depart- 

ment a t  the mine Borynia which afterwards w i l l  be transformed i n t o  

self-dependent Enterprise f o r  Land R e c l ~ t i o n  and Environmental 

Protection f o r  the whole Rybnik Coal Basin. 

The Polish science in the close comeotion w i t h  miniag prac t ice  

pe r s i s t s  f o r  many years t o  endeavour a t  f inding optimum solut ions 

enabling; maxinun recovery of coal reaourees from safety p i l l a r s  

with sinrultaneous assurance o f  correct  development and protection 

of envirsmaen t , 

The s c i e n t i f i o  and research work is conducted by many high 

school8 and scientific i n s t i t u t e s  and first of a l l  by the  Polish 

Betidemy of Sciences, Establishment of Bdining Mechanics i n  KrakBw, 

Acadeqy of Mining and Netallurgy , Silesian Polytechnic I n s t i t u t e  

asad Central Mining I n s t i t u t e ,  

An important insp i r ing  r o l e  i n  this range i s  accom~lished by 

the permanent interdepart-ental Committee of Surface protection 

act ing at the Central Inapectorate of Minee, 

Considering the f a c t  of continuing fu r the r  intenee coal mining 

and also t h a t  this  mining work w i l l  be conducted i n  more and more 

complex and difficult conditions of coal deposition it i s  t o  be 

e ta ted t ha t  the mining science and pract ice  w i l l  be confronted 

with a number of new and e s sen t i a l  problems ca l l ing  f o r  urgent 

solution, 

In the l a s t  several  years  a par t icu lar  importance ha8 been gi- 

ven to  the subs t i tu te  building aiming not only a t  l o s s  prevention 



of housing substance due t o  niining damages but t o  the e s s e n t i a l  

contr ibut ion t o  the  increaee  of number of dwellings and the  impro -  

vement o f  bui ld ing standard on mining lands, 

In  a l l  investment proceedings of mining lands  an extremely im-  

portant  r o l e  i n  t h e  range of cor rec t  u t i l i z a t i o n  of mining lands  

f d l s  t o  town and country planning* f o r  in i t s  a c t i v i t y  i t  should 

taka i n t o  account on a broad b a s i s  the  i n t e r e s t s  of all surface  

users complying, however, with t h e  p r inc ip l e  of r a t i o n a l  and ma- 

rimllm ex t r aa t ion  of mineral and of environmental protect ion,  well ,  

of the  preferenoe of mining i n t e r e s t s  in  t he  region of occurrence 

of mineral depos i t s  assuming permanent improvement of p r i n c i p l e s  

of nining land8 proteet ion,  I t  r e q u i r e s  hp roveaen t  of methode of 

-ordination of town and country planning w i t h  xuining design and 

a d . o s o  co-opexstion and col laborat ion of mining p l a n t s  with sur- 

f ace  users  a t  every s tage  of l ay ing  out  u t i l i z a t i o n  plans, To t h i s  

end t h e  p r i n c i p l e s  of making up forecasts of mining e f f e c t s  f o r  

long-range planning purposes w i l l  be improved as well  as methods 

of qua l i fy ing  lands  f o r  town and country planning from t h e  view- 

point o f  environmental protect ion,  

Construction of mines i n  the new Lublin C o a l  B a s i n  with d i f -  

f e r e n t  from Upper S i l e s i a n  Basin geological  and hydrogeological 

condit ions r equ i r e s  undertakiag f o r  t h i a  region inves t iga t ions  on 

a broad b a s i s  i n  t he  way of surface  and environmental protect ion.  

Among many problems of environmental p ro tec t ion  ln the Lublin 

Coal Basin one of  more e s s e n t i a l  i s  the d e f i n i t i o n  of p r inc ip l e s  

of modification of n a t u r a l  environment r e s u l t i n g  from changes of 

surface morphology and of water condit ions occasioned by the  de- 

eigned mining work, The inves t iga t ions  on t h i s  f i e l d  w i l l  be con- 

ducted i n  f u l l  range i n  order  t o  ea t ab l i sh  the  course of changes 

c a u e d  by mining work s ince  the  i n i t i a l  moment of inf luence of 

mining on the  environment, 



In order  t o  counterac t  t he  e f f e c t s  of mining a c t i v i t y  and pre- 

vent the  degradat ion  of n a t u r a l  environment r e s ea r ch  work w i l l  be 

continued on f u l l  u t i l i z a t i o n  of mining wastes and on l i q u i d a t i o n  

o r  u t i l i z a t i o n  of heaps, 

I n t e n s i f i e d  w i l l  be study on u t i l i z a t i o n  of l ands  fol lowing 

stowing sand mining and of pos t - i ndus t r i a l  l a n d s  as w e l l  2s on ef- 

f i c a c i t y  of f o r e s t  and water rec lamat ion  of l ands ,  so important  

f o r  mining r eg ions  wi th  denee w p u l a t i o n ,  

For developnent of t h e  mining indus t ry  b t h e  Upper S i l e s i a n  

C o d  Basin and f o r  p r o t e c t i o n  of water of the Oder and V i s t u l a  ri- 

vers extremely important  becomes the s o l u t i o n  of t h e  problem of 

Ill;ireu water deea l i na t i on ,  S tud i e s  a r e  developed on u t i l i z a t i o n  me-  

thod of  mine w a t e r  d e s a l i n a t i o n  and resea rch  work aiming a t  deve- 

lopment of economic methods of d e s a l i n a t i o n  of weakly minera l i sed  

mine w a t  e r ,  

Common a c t i o n  of t h e  coa l  mining i adus t rg  w i th  t h e  su r face  

u se r s  and t h e  units of reaea rch  background w i l l  go t o  make a guaran- 

t e e  of c o r r e c t  assurance  of environmental p r o t e c t i o n  and modifica-. 

t i o n  on l a n d s  covered by mining of coal  depos i t s ,  
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ENVIRONMENTAL ASSESSMENTS OF ALTERNATIVE 
ENERGY STRATEGIES I N  THE U N I T E D  STATES 

S.W. Ba l lou  
A.M. Katz 

INTRODUCTION 

Energy p l ann ing  i n  t h e  U.S. h a s  changed r a d i c a l l y  ove r  t h e  
p a s t  decade.  Two o f  t h e  major  i n f l u e n c e s  c o n t r i b u t i n g  t o  t h i s  
change w e r e  t h e  1973 o i l  embargo and subsequen t  d i s r u p t i o n  o f  o i l  
f lows i n t o  t h e  U.S., and t h e  i n c r e a s e d  p u b l i c  env i ronmenta l  con- 
s c i o u s n e s s  t h a t  occu r r ed  i n  t h e  l a t e  s i x t i e s .  These two i n f l u e n c e s  
have r e s u l t e d  i n  an  i n c r e a s e d  l e v e l  of a c t i v i t y  i n  t h e  e v a l u a t i o n  
of  bo th  c o n v e n t i o n a l  and non-convent ional  energy  t e c h n o l o g i e s ,  
e s p e c i a l l y  f o r  t h e i r  env i ronmenta l ,  s o c i a l ,  and economic acce~3ta -  
b i l i t y .  The i n c r e a s e d  env i ronmenta l  awareness o f  t h e  p u b l i c  and,  
conse<uen t l y ,  of  e l e c t e d  o f f i c i a l s  ha s  r e s u l t e d  i n  t h e  promulgat ion  
of many env i ronmenta l  r e g u l a t i o n s .  I n  a d d i t i o n ,  t h e  stress p l aced  
on t h e  American economy due t o  o i l  s h o r t f a l l s  h a s  r e s u l t e d  i n  t h e  
i n c r e a s e d  i n t e r e s t  by t h e  U.S. Department of  Energy (DOE) t o  deve lop  
new s o u r c e s  of  energy  r e s o u r c e s  and/or  improved e f f i c i e n c i e s  o f  
c o n v e n t i o n a l  t e c h n o l o g i e s .  Because of  t h e  env i ronmenta l  r e g u l a t o r y  
c o n s t r a i n t s  imposed on new techno logy  development,  long-term energy  
p l ann ing  by DOE r e q u i r e s  a thorough a n a l y s i s  o f  t h e s e  energy  t ech-  
n o l o g i e s  w i t h  r e s p e c t  co  t h e  e n v i r o n n e n t a l ,  h e a l t h ,  s o c i a l  an? 
economic i m p l i c a t i o n s .  Unl ike  t h e  s i t e - s p e c i f  c env i ronmenta l  
i ~ q a c t  s t a t e m e n t s  t h a t  a r e  r e q u i r e d  under IIEFA' o r  s i m i l a r  
s t a te -p romulga ted  l e g i s l a t i o n ,  t h e  emphasis  of t h e  DOE assessment  
is  r e g i o n a l .  The focus  is  u s u a l l y  on t e n  m u l t i - s t a t e  r e g i o n s  de s ig -  
n a t e d  by t h e  Environmenta l  P r o t e c t i o n  Agency (EPA) ( F i g u r e  1) .  The 
r e g i o n a l  approach is based on t h e  premise  t h a t  s i g n i f i c a n t  r e g i o n a l  
d i f f e r e n c e s  e x i s t  r e g a r d i n g  t h e  env i ronmenta l ,  i n s t i t u t i o n a l ,  s o c i a l ,  
and p u b l i c  a c c e p t a b i l i t y  o f  d i f f e r e n t  energy  t e c h n o l o g i e s .  These 
a s se s smen t s  a r e  n o t  s i t e  s p e c i f i c  ( i . e . ,  p r o j e c t e d  energy  f a c i l i t y  
s i t i n g  i s  n o t  s p e c i f i e d  o r  it i s  s p e c i f i e d  a t  o n l y  a coun ty  l e v e l )  
because  t h e  t empora l  r ange  o f  s s c e n a r i o  r2ay ex t end  f r o x  1375 t o  
2000, and,  t h e r e f o r e ,  go w e l l  beyond s p e c i f i c  u t i l i t y  o r  industrial 
development p lann ing .  



F i g u r e  1. F e d e r a l  EPA r e g i o n s  and 
d e s i g n a t e d  Na t i ona l  Labor- 
a t o r y  r e s p o n s i b i l i t i e s .  

I n c r e a s e d  c o a l  p roduc t i on  and u s e  i n  t h e  U.S. i s  expec t ed  
under most s c e n a r i o s .  C o n s t r a i n t s  t o  c o a l  u s e ,  however, a r e  
s e v e r e  because  of t h e  d i f f e r e n t  k i n d s  of  env i ronmenta l  r e g u l a t i o n s  
t h a t  have been imposed on i n d u s t r i e s  and u t i l i t i e s .  Th i s  paper  
w i l l  d e s c r i b e  some of  t h e s e  r e g u l a t i o n s  and t h e i r  e f f e c t s  on c o a l  
use  i n  t h e  U.S. by u s i n g  t h e  r e s u l t s  of a  r e c e n t  a ssessment  o f  t h e  
P r o j e c t  Independence E v a l u a t i o n  System (PIES) Mid-Mid Range 
Scena r io .  The impac t s  i n  F e d e r a l  Region V a r e  ana lyzed  i n  t h i s  
paper  because  of  t h e  r e g i o n ' s  h i g h  l e v e l  of c o a l  p roduc t i on  and 
consumption. The complete  a n a l y s i s  o f  Region V h a s  been pub l i shed  
by Ba l l ou  e t  a l .  (1979a) .  

PROGRALY DESCRIPTION 

The Regional  I s s u e s  I d e h t i f i c a t i o n  and Assessment ( R I I A )  
program is  an e v a l u a t i o n  of t h e  r e g i o n a l  impac t s  of f u t u r e  energy 
development.  These s t u d i e s  a r e  conducted f o r  t h e  Department of 
Energy. The impac t s  d e s c r i b e d  i n  t h i s  paper  f o r  1990 a r e  based 
on a  n a t i o n a l  energy  p r o j e c t i o n  ( s c e n a r i o )  t h a t  assumes medium 
energy  demand and f u e l  supp ly  th rough  1990, b u t  does  n o t  i nco r -  
p o r a t e  t h e  p o l i c i e s  o f  t h e  1978 Na t i ona l  Energy A c t .  The s c e n a r i o  
i s  one of  s i x  p o s s i b l e  ene rgy  f u t u r e s  produced by t h e  Energy I n f o r -  
mation Admin i s t r a t i on  o f  t h e  Department of  Energy f o r  t h e  Depart-  
men t ' s  1977 Annual Repor t  t o  Congress.  

The R I I A  s t u d y  p l a n  u s e s  t h e  p r e d i c t e d  f u e l  mixes d e r i v e d  
from t h e  PIES s c e n a r i o  a s  a  s t a r t i n g  p o i n t  f o r  i t s  a n a l y s i s .  
County l e v e l  p a t t e r n s  f o r  u t i l i t y ,  i n d u s t r y  and mining a c t i v i t i e s  
f o r  1990 w e r e  t h e n  developed from t h e  f e d e r a l  r e g i o n  t o t a l s .  
Energy s o u r c e s  add re s sed  w e r e  c o a l ,  n u c l e a r ,  o i l ,  o i l  s h a l e ,  g a s ,  
geo thermal ,  h y d r o e l e c t r i c ,  and s o l a r .  



Six  of t h e  n a t i o n a l  l a b o r a t o r i e s ,  Argonne (ASL), Brookhaven 
(BNL) , Lawrence Berkeley (LBL) , Los Alamos (LASL) , Oak RiCge 
( O k V L ) ,  and P a c i f i c  Northwest (PNL), undertook major respons i -  
b i l i t i e s  t o  ana lyze  t h e  impact of t h e s e  county- leve l  p a t t e r n s  
of u t i l i t y ,  i n d u s t r y ,  and mining a c t i v i t i e s  on t h e  a i r ,  wa te r ,  
and land  r e sou rces  of t h e  count ry  and on t h e  socioeconomic and 
h e a l t h  and s a f e t y  a s p e c t s  of t h e  n a t i o n ' s  we l f a re .  Each labor -  
a t o r y  had s p e c i f i c  r e q i o n a l  r e s p o n s i b i l i t i e s  f o r  conduct ing t h e  
environmental  assessment  (F igure  1) . 

P r o j e c t e d  t o t a l  energy produc t ion  and consumption by 1 9 9 0  
f o r  t h e  U.S. was about  80 and 109 Quads r e s 2 e c t i v e l y .  I n  Region 
V ,  a  36% i n c r e a s e  i n  c o a l - f i r e d  e l e c t r i c a l  c a p a c i t y  was p r o j e c t e d  
f o r  1990 (Table  1) .  

Table  1. P r o j e c t e d  E l e c t r i c a l  Generat ing Capac i ty ,  Coal 
E x t r a c t i o n ,  and I n d u s t r i a l  Fue l  Use - Region V 

-- 

Energy Source 

E l e c t r i c a l  Generat ing Capac i ty  
(103 MW) 

Coal 
O i l  
Gas 
Nuclear 
Combined Cycle 
Hydro 
S o l a r  
Geothermal 
Other 

T o t a l  

Coal Produc t ion  ( l o 6  t o n s )  

Deep Mines 
Su r face  Mines 

T o t a l  

I n d u s t r i a l  Fue l  Use ( 1 0 1 2  Btu) 

Coal 
O i l  
Gas 

T o t a l  



Oak Ridge Na t iona l  Laboratory  a s s igned  t h e  p r o j e c t e d  i n c r e a s e s  
t o  p a r t i c u l a r  c o u n t i e s  acco rd ing  t o  economic ( a c c e s s i b i l i t y  t o  
r a i l  and Sarge  t r a n s p o r t ,  n e a r e s t  sou rce  o f  c o a l ,  e tc . )  and s i t e  
( popu la t i on  d e n s i t y ,  g e o l o g i c a l  c o n d i t i o n s ,  w a t e r  a v a i l a b i l i t y ,  
e t c . )  c o n s i d e r a t i o n s .  I nc r ea sed  s i t e d  c a p a c i t y  f o r  Region V 
showed major e lec t r i c  i n c r e a s e s  i n  c o u n t i e s  i n  t h e  Chicago a r e a ,  
e a s t e r n  Michigan, sou the rn  I n d i a n a ,  and s o u t h e r n  Ohio. The f o l -  
lowing a n a l y s i s  h i g h l i g h t s  major environmenta l  impediments t o  
such an i n c r e a s e .  

EFFECTS OF ENVIRONMENTAL REGULATIONS 
ON PROJECTED COAL USE I N  REGION V 

Region V ha s  over  C3,OOa t.fiJ of i n s t a l l e d  c o a l  b u r n i n s  
u t i l i t y  c a p a c i t y .  Th i s  r e p r e s e n t s  t h e  g r e a t e s t  u se  o f  
u t i l i t y  c o a l  i n  t h e  n a t i o n .  I n d u s t r i a l  c o a l  u se  i s  a l s o  
t h e  h i g h e s t  i n  t h e  n a t i o n .  Major env i ronmenta l  problems 
a s s o c i a t e d  w i t h  such  c o a l  u se  i n c l u d e  a i r ,  water, s o l i d  was te ,  
l and  u se ,  c r o p  damage, socioeconomic,  and h e a l t h  impacts .  

Long-Range T r a n s p o r t ,  V i s i b i l i t y  . 

Although s tates have t r a d i t i o n a l l y  e s t a b l i s h e d  and en fo rced  
rec ju la t ions  r e s t r i c t i n g  t h e  placement and c h a r a c t e r  of a i r  po l lu -  
t a n t  s o u r c e s ,  t h e  f e d e r a l  government has  expanded i t s  r o l e  i n  t h e  
e s t a b l i s k ~ e n t  o f  n a t i o n a l  programs t h a t  have an impact  on develop- 
ment of  new major s o u r c e s  a c r o s s  t h e  count ry .  Most of  t h e  n a t i o n a l  
i s s u e s  t h a t  have l o c a l  an6 r e g i o n a l  impacts  have been d e a l t  w i t h  
i n  t h e  Clean A i r  Act Amendments of 1977. Such i s s u e s  i n c l u d e  t h e  
e s t a b l i s h m e n t  and promulgat ion o f  Na t iona l  Ambient A i r  Q u a l i t y  
S t anda rds  (NAAQS), d e s i g n a t i o n  of  P reyen t ion  of  S i g n i f i c a n t  Deter- 
i o r a t i o n  (PSD) C l a s s  I f e d e r a l  a r e a s ,  v i s i b i l i t y  p r o t e c t i o n  f o r  
c l e a n  and p r i s t i n e  a r e a s ,  f e d e r a l  new s o u r c e  performance s t a n d a r d s  
(NSPS), n a t i o n a l  emi s s ion  s t a n d a r d s  f o r  hazardous  a i r  p o l l u t a n t s  
(NESHAP) and requ i rements  f o r  new s t a t e  implementa t ion p l a n s  (SIPS) 
i n  nona t ta inment  a r e a s ,  i .e . ;  a r e a s  t h a t  have n o t  a t t a i n e d  n a t i o n a l  
a i r  q u a l i t y  s t a n d a r d s .  A d e s c r i p t i o n  of  these r e g u l a t i o n s  and 
t h e i r  e f f e c t s  on n a t i o n a l  c o a l  p o l i c y  ha s  been r e c e n t l y  p repared  
by t h e  O f f i c e  o f  Technology Assessment (1979) .  

T o t a l  exposure  o f  t h e  popu la t i on  t o  e x i s t i n g  c o n c e n t r a t i o n s  
of  SO2 and s u l f a t e s  is h igh  i n  Region V--average SO2 and s u l f a t e  
c o n c e n t r a t i o n s  due t o  long-range t r a n s p o r t  rank t h i r d  i n  t h e  
n a t i o n .  Long-range t r a n s p o r t  of  t h e s e  p o l l u t a n t s  adds t o  t h e  
impact  of  l o c a l  a i r  q u a l i t y ,  and t h e  c o n t r i b u t i o n s  t o  ambient 
a i r  q u a l i t y  from long-range t r a n s p o r t  inc rements  o f  SO2 and s u l -  
f a t e  cou ld  make a r e a s  t h a t  c u r r e n t l y  have marg ina l  a i r  q u a l i t y  
i n t o  nona t ta inment  a r e a s .  The number of "marginal  a t t a i n m e n t "  
a r e a s  i n  Region V i s  l a r g e  enough s o  t h a t  long-range t r a n s p o r t  
would b e  cons ide red  i n  a t t a i n m e n t  p lann ing ,  a l t hough  it i s  n o t  
l i k e l y  t h a t  long-range t r a n s p o r t  w i l l  have s e v e r e  impact  on energy 
development i n  t h e  Midwest. 



Another  i n t e r r e g i o n a l  impact  o f  long-range t r a n s p o r t  i s  t h a t  
on l o c a l  v i s i b i l i t y .  Congress h a s  t a k e n  s t e p s  toward a s s u r i n g  
v i s i b i l i t y  p r o t e c t i o n  i n  C l a s s  I areas. Although EPA r e g u l a t i o n s  
w i l l  n o t  be promulgated u n t i l  1980,  it is  s a f e  t o  assume t h a t  
s i g n i f i c a n t  plume b l i g h t s  o r  s i g n i f i c a n t  d e c r e a s e s  i n  v i s i b i l i t y  
w i l l  n o t  be  p e r m i t t e d  i n  Class I a r e a s .  Region V h a s  two s ta tes  
where v i s i b i l i t y  p r o t e c t i o n  r e g u l a t i o n s  c o u l d  i n f l u e n c e  p r o j e c t e d  
c o a l  f a c i l i t y  s i t i n g .  I n  n o r t h e a s t e r n  Minnesota ,  approx imate ly  
one-seventh of  t h e  proposed c o a l  growth c o u l d  be s u b j e c t  t o  
v i s i b i l i t y  p r o t e c t i o n  r e g u l a t i o n s .  I n  n o r t h e r n  Michigan,  s m a l l  
i n c r e a s e s  i n  o i l ,  c o a l ,  and combined-cycle g e n e r a t i n g  c a p a c i t i e s  
are p r o j e c t e d  f o r  c o u n t i e s  a d j a c e n t  t o  p r o t e c t e d  a r e a s  and may 
be s u b j e c t  t o  v i s i b i l i t y  s t a n d a r d s .  

Local  A i r  Q u a l i t y  

I n  Region V ,  Michigan,  Wisconsin ,  and Ohio are  t h e  s t a t e s  
most l i k e l y  t o  e x p e r i e n c e  r e g u l a t o r y  impediments  as a r e s u l t  of  
t h e  s c e n a r i o - p r o j e c t e d  energy  development  ( F i g u r e  2 ) .  Mich igan ' s  
pr imary  a i r  q u a l i t y  problems are expec ted  t o  be  i n  t h e  e a s t e r n  
p o r t i o n  of t h e  s t a t e  where u t i l i t y  c o a l  growth i s  p r o j e c t e d  t o  
o c c u r  i n  n o n a t t a i n m e n t  a r e a s .  Wisconsin h a s  s imilar  problems 
i n  i t s  s o u t h e a s t e r n  and c e n t r a l  p o r t i o n s .  A d d i t i o n a l  e m i s s i o n  
o f f s e t s  and improved c o n t r o l  e f f i c i e n c i e s  w i l l  n o t  s i g n i f i c a n t l y  
m i t i g a t e  a i r  q u a l i t y  problems i n  t h e s e  a r e a s .  Near ly  3 0 %  of  t h e  
p r o j e c t e d  u t i l i t y  c o a l  growth i n  Ohio c o u l d  b e  r e s t r i c t e d  because  
of  a i r  q u a l i t y  r e g u l a t i o n s ,  p r i m a r i l y  NAACS. 

F i g u r e  2 .  Region V a r e a s  w i t h  p o t e n t i a l  
a i r  q u a l i t y  c o n s t r a i n t s .  



The p r o j e c t e d  growth of u t i l i t y  o i l  c a s a c i t y  i n  n o n a t t a i n m e n t  
a r e a s  a p p e a r s  t o  b e  g r e a t e s t  i n  t h e  i n d u s t r i a l  s t a t e s  i n  I l l i n o i s ,  
I n d i a n a ,  and Ohio. M i t i g a t i o n  o f  i m p a c t s  t h r o u g h  f u e l  p u r c h a s i n g  
p r a c t i c e s  c o u l d  g r e a t l y  r educe  t h e  a i r  q u a l i t y  impac t  from t h e s e  
f a c i l i t i e s .  S p e c i f i c  a r e a s ,  such  a s  t h e  f c x r - c o u n t y  n o n a t t a i n m e n t  
a r e a  s u r r o u n d i n g  Chicago,  might  r e q u i r e  s p e c i a l  a t t e n t i o n .  

I n d u s t r i a l  growth  p r o j e c t e d  by t h e  s c e n a r i o  c o u l d  be r e s t r i c t e d  
by n o n a t t a i n m e n t  a i r  q u a l i t y  r e g u l a t i o n s  i n  i n d u s t r i a l i z e d  a r e a s  
l i k e  Chicago,  S t .  L o u i s ,  D e t r o i t ,  and Cleve land .  S p e c i f i c  restr ic-  
t i o n s  w i l l  depend on f u e l  s e l e c t i o n  and a v a i l a b l e  e m i s s i o n  o f f s e t s  
i n  e a c h  l o c a l i t y .  

Water Q u a l i t y ,  A v a i l a b i l i t y  

The Clean  Water A c t  r e g u l a t e s  e f f l u e n t s  from s u r f a c e  and 
d e e p  min ing ,  p r e p a r a t i o n  p l a n t s ,  and combust ion f a c i l i t i e s .  &nong 
o t h e r  t h i n g s ,  t h e  ac t  r e q u i r e s  m o n i t o r i n 5  o f  chemica l  e f f l u e n t s ;  
t h e  number o f  e f f l u e n t s  r e q u i r i n g  such  m o n i t o r i r ~ g  h a s  i n c r e a s e d  
s u b s t a n t i a l l y  o v e r  t h e  p a s t  s e v e r a l  y e a r s .  

The u t i l i t y  a c t i v i t i e s  a n a l y z e d  f o r  w a t e r - r e l a t e d  i m p a c t s  
were c o a l ,  g a s ,  o i l ,  combined-cycle (assuming c o a l  t y p e )  and 
n u c l e a r .  Of t h e s e  c a t e g o r i e s ,  8.8% o f  t h e  p r o j e c t e d  i n c r e m e n t a l  
i n c r e a s e  i n  u t i l i t y  a c t i v i t y  up  t o  1990 was i d e n t i f i e d  as hav ing  
a  p o t e n t i a l  w a t e r - r e l a t e d  impac t  ( a s su i i ing  t h a t  e f f l u e n t  t r e a t m e n t  
beyond s t a t u t o r y  p o i n t - s o u r c e  r e q u i r e m e n t s  i s  implemented and/or  
t h a t  t h e  7-day/lO-year low f low i s  m a i n t a i n e d ) .  T h i s  f r a c t i o n  
r e p r e s e n t s  2 .1% o f  t h e  t o t a l  u t i l i t y  a c t i v i t y  p r o j e c t e d  by 1990 
? o r  Region V. 

I n i t i a t i v e s  t o  improve w a t e r  q u a l i t y  i n  t h e  G r e a t  Lakes ,  
i n v o l v i n g  w a s t e  l o a d  r e d u c t i o n s  and l i m i t a t i o n s  on a d d i t i o n a l  
l o a d s ,  p a r t i c u l a r l y  t o  Lake E r i e  and Lake Michigan,  a r e  l i k e l y  
t o  be  an  i s s u e  i n  r e a l i z i n g  t h e  p r o j e c t e d  i n c r e a s e s  i n  u t i l i t y  
a c t i v i t y .  T e c h n o l o g i e s  w i t h  phosphorus  e f f l u e n t s  ( p r i m a r i l y  
c o a l - f i r e d  u t i l i t i e s  and i n d u s t r i e s )  w i l l  c o n f l i c t  w i t h  e f f o r t s  
t o  s low e u t r o p h i c a t i o n  i n  G r e a t  Lakes b a y s  and s h o r e l i n e s ,  and 
advanced w a s t e  t r e a t m e n t  i n v o l v i n g  phosphorus  l o a d i n g  r e d u c t i o n s  
o f  80-90% may b e  r e q u i r e d .  A U n i t e d  S t a t e s  Supreme C o u r t  r u l i n g  
t h a t  l i m i t s  w a t e r  w i t h d r a w a l s  from Lake Michigan i n  I l l i n o i s  w i l l  
c o n s t r a i n  e n e r g y  development  on t h e  I l l i n o i s  s h o r e l i n e .  P r o j e c t e d  
i n c r e a s e s  would r e s u l t  i n  f u r t h e r  a l l o c a t i o n s  of  w i t h d r a w a l s  and 
may c r e a t e  r e g i o n a l  wa te r -use  c o n f l i c t s .  

I n l a n d  and C o a s t a l  Water Resources  

The w a t e r  q u a l i t y  o f  t h e  Great Lakes i s  a  m a t t e r  o f  i n t e r -  
n a t i o n a l  t r e a t y  between t h e  Uni t ed  S t a t e s  and Canada, and a d v e r s e  
impac t s  from e n e r g y - r e l a t e d  a c t i v i t y  would b e  a d d r e s s e d  by t h e  
two c o u n t r i e s .  T h e r e f o r e ,  e f f l u e n t  d i s c h a r g e s  from energy  a c t i v i t y  
t o  t h e  l a k e s  a r e  e x p e c t e d  t o  b e  c l o s e l y  moni to red  and movement of  
ene rgy  a c t i v i t y  away from t h e  Lakes may be  n e c e s s a r y .  The w a t e r  



l e v e l s  of Lake Michigan a r e  a  s u b j e c t  of r e g i o n a l  concern.  Energy 
a c t i v i t y  wi thdrawals  s u f f i c i e n t  t o  a f f e c t  l a k e  l e v e l s  may c r e a t e  
i n t e r s t a t e  c o n f l i c t s  i n  Wisconsin,  Michigan, I l l i n o i s ,  and 
Ind iana .  

S o l i d  Waste 

The q u a n t i t y  of  r e s i d u a l s  gene ra t ed  from i n d u s t r i a l  c o a l  use  
is  t h e  h i g h e s t  i n  t h e  n a t i o n  ( 3 . 7  m i l l i o n  t o n s  i n  1975 ) .  I n d u s t r i a l  
c o a l  use  i s  p r o j e c t e d  t o  i n c r e a s e  38% by 1990; however, l a n 2  re- 
qu i rements  f o r  s o l i d  was te  d i s p o s a l  a r e  expec ted  t o  grow by n e a r l y  
400% because  t h e  a p p l i c a t i o n  of f l u e  ga s  d e s u l f u r i z a t i o n  (FGD) 
sys tems w i l l  i n c r e a s e  t h e  amount of  s o l i d  w a s t e  g ene ra t i on .  

I n d u s t r i a l  d i s p o s a l  r e q u i r e s  a  l a r g e  number of small sites. 
Some i n d u s t r i e s  have t h e i r  own d i s p o s a l  s i tes ,  and o t h e r s  u se  
munic ipa l  f a c i l i t i e s .  I n  crowded urban and i n d u s t r i a l i z e d  a r e a s ,  
f i n d i n g  a v a i l a b l e  l and  can be  a  problem; however, t h e  i n s t i t u t i o n a l  
c o n s t r a i n t s  a s s o c i a t e d  w i t h  s i t i n g  a  new d i s p o s a l  f a c i l i t y  can be  
an even g r e a t e r  problem. I n  most areas, t e c h n i c a l l y  f e a s i b l e  and 
env i ronmenta l ly  a c c e p t a b l e  sites can be found,  b u t  l o c a l  o p p o s i t i o n  
may b lock  t h e  c o n s t r u c t i o n  o f  new l a n d f i l l s  i n  t h o s e  areas. 

The Resource Conserva t ion  and Recovery A c t  (RCRA) o t  l Y 7 b  
seeks  t o  c o n t r o l  open dumping. A l l  t y p e s  of  wastes a r e  covered 
i n c l u d i n g  hazardous  and non-hazardous subs t ances .  The New Source  
Performance S t anda rds  w i l l  c r e a t e  s u b s t a n t i a l l y  more was t e s  i n  
t h e  form of  FGD s ludge  (F igu re  3 )  . 

Solid Wasta, 
10' Tons/Yaar 
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Coal Ash 
FGD Sludge 

Figu re  3 .  P r o j e c t e d  i n c r e a s e s  i n  s o l i d  waste pro- 
d u c t i o n  f o r  t h e  y e a r s  1985 and 1990. 



There a r e  u n c e r t a i n t i e s  about t h e  RCRA program and t h e  a b i l i t y  
of both s t a t e  and f e d e r a l  governments t o  implement it. The Environ- 
mental P r o t e c t i o n  Agency's (EPA) s o l i d  waste program has been sma l l ,  
wi th  no r e g u l a t o r y  r e s p o n s i b i l i t i e s ,  and most s t a t e s  have l i m i t e d  
s o l i d  waste management programs. When t h e  1970 Clean A i r  Act and 
t h e  1972 Water P o l l u t i o n  Control  Act were enac ted ,  t h e r e  a l r eady  
e x i s t e d  ex tens ive  p o l l u t i o n  c o n t r o l  programs opera ted  on a  s t a t e  
and r eg iona l  b a s i s  by both EPA and we l l - s t a f f ed  s t a t e  agencies .  
The implementation of t h i s  ambitious new regu la to ry  program w i l l  
be an extremely important  i s s u e  i n  t h i s  region.  

Ecoloq/Land U s e  

The l a r g e  acreages  d i s t u r b e d  by s u r f a c e  mining p resen t  t h e  
g r e a t e s t  p o s s i b i l i t y  f o r  adverse  e c o l o g i c a l  and land use  impacts 
i n  t h e  region.  Mining i n  t h e  region i s  p ro jec t ed  t o  occur i n  
c e n t r a l  and southern I l l i n o i s ,  southwestern Indiana ,  and e a s t e r n  
Ohio, a r e a s  where t h e  p r e s e n t  land use is a  mix of f o r e s t e d  t r a c t s  
and row cro2 a g r i c u l t u r e  (F igure  4 ) .  The Surface  Kining Control  
and Reclamation Act of 1977 was promulgated t o  change c o a l  mining 
p r a c t i c e s  t h a t  gene ra t e  seve re  s o c i a l  and envi ronnenta l  c o s t s  and 
t o  p r o h i b i t  mining i n  a r e a s  t h a t  cannot be reclaimed. The a c t  
r e q u i r e s  t h a t  mined lands  be r e tu rned  t o  t h e i r  o r i g i n a l  product i -  
v i t y  and land use. Reclamation c o s t s  i n  Region V w i l l  be high 
s i n c e  mining i n  t h e  reg ion  is  most l i k e l v  t o  d i s t u r b  row crops 
o r  f o r e s t e d  land.  Mining i n  fo res t eZ  a r e a s  w i l l  have a d d i t i o n a l  
e c o l o g i c a l  impacts s i n c e  r e s t o r a t i o n  of t h e  o r i g i n a l  ecosystem, 
i f  it occurs  a t  a l l ,  would have t o  occur n a t u r a l l y  over a  long 
per iod of t i m e  (Coznci l  of Environmental Q u a l i t y ,  1979) .  

> 25% OF AREA 
COVERED BY 
VEGETATION 
SENSITIVE TO 
PROJECTED $02 
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AREAS AFFECTED 
COAL MINING 

w 
Figure 4 .  Coal mininc a r e a s  and ?otep-ti=! 

SO2-induced vege ta t ion  d<-.nage. 



An a n a l y s i s  of t h e  a c u t e  e f f e c t s  of increased  s u l f u r  d ioxide  
(SO ) on crops and n a t u r a l  vege ta t ion  was conducted a t  AiiL. The 
a n a f y t i c a l  procedure i d e n t i f i e d  SO s e n s i t i v e  vege ta t ion  and t h e i r  
geographic d i s t r i b u t i o n ,  and e s t a b l i s h e d  r epor t ed  damage l e v e l s  
f o r  46  crops (Bal lou e t  a l . ,  1979b). The a n a l y s i s  i n d i c a t e d  t h a t  
l e v e l s  of SO a r e  p ro jec t ed  t o  decrease  below damage th resho lds  
throughout tile reg ion  i n  1985, but  i n  some u rban- indus t r i a l i zed  
a r e a s  they  a r e  p ro jec t ed  t o  inc rease  aga in  i n  1990, p r i m a r i l y  
because of i n d u s t r i a l  c o a l  use. Levels would be h igh  enough i n  
t h e s e  a r e a s  t o  cause damage t o  r e g i o n a l l y  important  c rocs  such 
a s  sovbeans, wheat, and f r u i t  trees (Figure  4 ) .  

Socioeconomic 

A g r e a t  amount of a t t e n t i o n  has  been given t o  t h e  community 
impacts r e s u l t i n g  from r a p i d  development i n  s p a r s e l y  populated 
r eg ions  of t h e  U.S. Changes caused by t h e  r ap id  in-migration of 
cons t ruc t ion  workers wi th  d i f f e r e n t  s o c i a l  va lues  has  caused 
d i s r u p t i o n  i n  community p a t t e r n s  of l i v i n g .  These conmunit ies ,  
commonlv r e f e r r e d  t o  a s  "boom towns" have experienced increased  
p res su res  on community f a c i l i t i e s ,  such a s  schoo l s ,  shopping a r e a s ,  
housing,  etc. To e v a l u a t e  t h e  p o t e n t i a l  e f f e c t s  of p ro jec t ed  
energy development i n  a r e a s  throughout t h e  U . S . ,  a  model (SEAM) 
has been developed and used in t h e  r e g i o n a l  assessments  (Stenejhem, 
1978).  The approach c l a s s i f i e s  a l l  c o u n t i e s  i n  t h e  U.S. i n t o  4 
c l a s s e s  depending upon t h e  county ' s  a b i l i t y  t o  adequately  a s s i m i l a t e  
increased  in-migration.  The model e v a l u a t e s  a t  t h e  county-level  
a l l  p ro jec t ed  energy a c t i v i t i e s  and i d e n t i f i e s  a r e a s  where socio-  
econonic d i s r u p t i o n s  may occur .  

For t h e  PIES e v a l u a t i o n ,  t h e  scena r io  i n d i c a t e s  t h a t  t h e  
ma jo r i ty  of new s i t e d  f a c i l i t i e s  a r e  t o  be l o c a t e d  i n  low and 
extra-low a s s i m i l a t i v e  c a p a c i t y  count ies .  Depending on t h e  pro- 
posed t iming of the developments, s i z e  of t h e  f a c i l i t i e s ,  and 
t h e  types  of technologies  t o  be s i t e d ,  adverse  socioeconomic 
impacts ( r e s u l t i n g  from a populat ion inc rease  g r e a t e r  than 10% 
dur inq  only  one yea r )  w i l l  occur i n  rlany of t h e s e  c o u n t i e s  (Figure  
5 ) .  There a r e  o t h e r  s i t e d  energy developments throughout t h e  
region t h a t  w i l l  i n c u r  adverse  impacts,  b u t  t h e  nega t ive  e f f e c t s  
encountered w i l l  be overshadowed by i n c r e a s e s  i n  employment, 
growth i n  l o c a l  income and t a x  base, and o t h e r  b e n e f i c i a l  socio-  
economic e f f e c t s .  These coun t i e s  possess  a moderate o r  h igh  
a s s i m i l a t i v e  c a p a c i t y  and because of t h e i r  economic and demo- 
g raph ic  c h a r a c t e r i s t i c s ,  t h e  p ro jec t ed  populat ion growth due 
t o  t h e  employment and c a p i t a l  requirements  of t h e  s i t e d  develop- 
m e n t ( ~ )  d i d  n o t  exceed 10% of t h e  b a s e l i n e  populat ion.  

Severe  socioeconomic impacts a r e  p ro jec t ed  i n  coun t i e s  
absorbing 25% of t h e  r e g i o n ' s  proposed coal-capaci ty  i n c r e a s e s ,  
23% of t h e  nuc lea r  i n c r e a s e s ,  7% of t h e  o i l  i ,ncreases ,  21% of 
t h e  combined-cycle i n c r e a s e s ,  and 20% of t h e  new mine workers. 
These capac i ty  i n c r e a s e s  r e p r e s e n t  from 1% t o  8% of t o t a l  r e g i o n a l  
gene ra t ing  capac i ty .  This  conservat ively-est imated range i n d i c a t e s  
t h e  percentage of t h e  megawatt capac i ty  i n c r e a s e s  pro jec ted  f o r  



F i g u r e  5. Areas  i n  Region V p o t e n t i a l l y  
s u b j e c t  t o  a d v e r s e  soc io -  
economic impacts .  

t h e  r e g i o n  t h a t  would c a u s e  socioeconomic and s o c i e t a l  impac t s  
i f  t h e  p r e s e n t  s i t i n g  d i s t r i b u t i o n  i s  r e a l i z e d .  There a r e  seven 
c o u n t i e s  i n  Region V t h a t  cou ld  e x p e r i e n c e  r a p i d  p o p u l a t i o n  i n -  
c r e a s e s ,  e x t e n s i v e  economic growth,  s o c i o c u l t u r a l  impac t s ,  and 
i n s t i t u t i o n a l  problems.  These c o u n t i e s  are expec t ed  t o  i n c u r  
more of t h e  n e g a t i v e  a d v e r s e  consequences of r e s o u r c e  development 
s i n c e  t h e i r  e x i s t i n g  workforce  and i n f r a s t r u c t u r e  a r e  i n s u f f i c i e n t  
t o  s a t i s f y  t h e  manpower demands d u r i n g  the c o n s t r u c t i o n  p h a s e ( s )  
and,  t h e r e f o r e ,  r e q u i r e  t h e  i n -mig ra t i on  of  a t r a n s i e n t  l a b o r  f o r ce .  
I n  I n d i a n a ,  I l l i n o i s ,  and Wisconsin t h e  n e g a t i v e  e f f e c t s  of develop- 
ment a r e  p r i m a r i l y  a t t r i b u t a b l e  t o  coal and n u c l e a r  f a c i l i t y  con- 
s t r u c t i o n .  The s t a t e s  o f  I i i ch ican  and Idinnesota a r e  n o t  projec te? .  
t o  i n c u r  s e v e r e  n e g a t i v e  impac t s ;  Ohio h a s  t h e  p o t e n t i a l  o f  a 
l a r g e r  t h a n  marg ina l  impac t  i f  demands f o r  t h e  s t a t e ' s  h i g h  s u l f u r  
c o a l  are i n c r e a s e d  beyond t h e  s c e n a r i o  s p e c i f i c a t i o n .  

The e f f e c t s  o f  t h e  ene rgy  developments are p r o j e c t e d  t o  be 
p e r v a s i v e  w i t h i n  t h e  seven  s u s c e p t i b l e  c o u n t i e s .  I t  i s  expec t ed  
t h a t  t h e  communities i n  t h e s e  a r e a s  w i l l  e x p e r i e n c e  s h o r t f a l l s  
i n  f a c i l i t i e s  and s e r v i c e s  needed t o  house and p rov ide  f o r  t h e  
in -migran t s  and t h a t  t h e  f r u s t r a t i o n s  caused  by an  overburdened 
s o c i a l  i n f r a s t r u c t u r e  w i l l  t e n d  t o  i n c r e a s e  t u r n o v e r  a t  t h e  work- 
p l a c e  w i t h  i n c r e a s i n g l y  f r e q u e n t  i n -  and ou t -migra t ion .  Such 
e x p e r i e n c e s  are n o t  uncommon i n  t h e s e  s i t u a t i o n s  and o f t e n  l e a d  
t o  soc ia l  d i s s o l u t i o n  and d e t e r i o r a t i o n  (Baldwin and P o e t s c h ,  
1977; Stenejhem e t  a l . ,  1977; Metzger e t  a l . ,  1978 ) .  Such impac t s  
and t h e i r  e f f e c t s  on energy  development c a n n o t  be a g g r e s a t e d  t o  
a r e g i o n a l  l e v e l  and,  t h e r e f c r e ,  must remain a component of site- 
s p e c i f i c  a n a l y s i s .  



The a f f e c t e d  c o u n t i e s  a r e  expec ted  t c  e x p e r i e n c e  a  popu l a t i on  
i n c r e a s e  of  30,000 new permanent employees and t h e i r  dependen ts  
by 1990,  o r  0.07% of t h e  c u r r e n t  r e g i o n a l  popu l a t i on  (1976 ) .  Th i s  
e s t i m a t e  of t h e  e x t e n t  of in -migra t ion  i s  c o n s e r v a t i v e  s i n c e  it 
i s  based on a  p r o j e c t e d  p o p u l a t i o n  growth p r o f i l e  of  t h e  r e g i o n  
t h a t  d i d  n o t  i n c o r p o r a t e  a  d e t a i l e d  s k i l l  c l a s s i f i c a t i o n  ca t ego ry .  
The e x c l u s i o n  of  t h i s  v a r i a b l e  may u n d e r s t a t e  t h e  t r u e  e x t e r n a l  
workforce  r equ i r emen t s  f o r  t h e  a f f e c t e d  sub- reg ions ,  and conse- 
q u e n t l y ,  t h e  r e g i o n  a s  a  whole. 

Hea l t h  and S a f e t y  

Environmenta l  r e g u l a t i o n s ,  such  a s  t h e  Clean A i r  A c t ,  t h e  
Fede ra l  Mine S a f e t y  and Hea l t h  A c t ,  t h e  Resource Conserva t ion  
A c t ,  t h e  Toxic Subs t ances  C o n t r o l  A c t ,  and o t h e r s ,  were promul- 
g a t e d  p r i m a r i l y  because  o f  p u b l i c  o r  o c c u p a t i o n a l  h e a l t h  conce rns .  
A s  p a r t  of t h e  r e g i o n a l  a n a l y s i s ,  p u b l i c  and o c c u p a t i o n a l  h e a l t h  
haza rd s  a r e  add re s sed  f o r  a r e a s  w i t h i n  t h e  r e g i o n  where t h e s e ,  
and o t h e r  a c t s ,  a r e  p r o j e c t e d  t o  be v i o l a t e d .  The a n a l y s i s  
a t t e m p t s  t o  answer t h e  q u e s t i o n ,  "What a r e  t h e  p u b l i c  h e a l t h  
r i s k s  when v i o l a t i o n s  occu r "?  

E x t r a c t i o n ,  s p e c i f i c a l l y  c o a l  e x t r a c t i o n ,  p r e s e n t s  t h e  h i g h e s t  
r i s k  of o c c u p a t i o n a l  h e a l t h  impacts .  Occupa t iona l  impac t s  of deep 
min ing - - i n ju r i e s ,  d i s e a s e ,  and dea ths - -a re  h i s t o r i c a l l y  more s e v e r e  
t han  t h o s e  from s t r i p  mining because  o f  d i f f e r e n c e s  i n  d u s t  expo- 
s u r e  and a c c i d e n t  r i s k  (U.S. Department of Labor,  1 9 7 5 ) .  I l l i n o i s ,  
I n d i a n a ,  and Ohio c o n t a i n  t h e  major  c o a l  r e s e r v e s  found i n  Region V. 
Death,  i n j u r i e s ,  and d i s e a s e  from c o a l  e x t r a c t i o n  i n  Region V 
accoun t  f o r  app rox ima te ly  t h r e e - q u a r t e r s  of a l l  e n e r g y - r e l a t e d  
o c c u p a t i o n a l  h e a l t h  impac t s  even i f  a l l  r equ i r emen t s  of  t h e  Mine 
S a f e t y  and H e a l t h  A c t  a r e  m e t .  Regional  impac t s  of  o i l  and g a s  
e x t r a c t i o n  and r e f i n i n g  and e l e c t r i c i t y  g e n e r a t i o n  a r e  minimal ,  
a l t hough  t h e s e  a c t i v i t i e s  accoun t  f o r  a  s i g n i f i c a n t  pe r cen t age  of 
t h e  h e a l t h  and s a f e t y  impac t s  i n  1-lichigan, Wisconsin ,  Minnesota ;  
s t a t e s  where c o a l  e x t r a c t i o n  does  n o t  occur .  

The s c e n a r i o  p r o j e c t s  an o v e r a l l  11% i n c r e a s e  i n  t o n s  of  c o a l  
e x t r a c t e d  i n  Region V ,  and an i n c r e a s e  i n  t h e  p r o p o r t i o n  mined 
underground (from 36% i n  1975 t o  45% i n  1990 ) .  T h i s  cou ld  cause  
a  20-40% i n c r e a s e  i n  t h e  number of a c c i d e n t a l  d e a t h s  and i n j u r i e s  
due  t o  c o a l  mininq ( F i g u r e  6)  d u r i n g  t h e  s c e n a r i o  t imeframe.  
Cases  of c h r o n i c  r e s p i r a t o r y  d i s e a s e  (CRD) and d e a t h s  due t o  CRD 
cou ld  i n c r e a s e  35-40% ( F i g u r e  7 ) .  

P u b l i c  h e a l t h  impac t s  t h a t  may r e s u l t  from i n c r e a s e d  ene rgy  
demands a r e  dependen t  on t h e  amount and t y p e  o f  p o l l u t a n t s  r e l e a s e d  
t h roughou t  t h e  ene rgy  c y c l e  and on t h e  magnitude,  age  s t r u c t u r e ,  
and l o c a t i o n  of t h e  exposed p o p u l a t i o n .  G t i l i t y  and i n d u s t r i a l  
f o s s i l  f u e l  u s e  is t h e  pr imary s o u r c e  o f  e n e r g y - r e l a t e d  e f f l u e n t s  
t h a t  a f f e c t  p u b l i c  h e a l t h  i n  Region V. 



Figu re  6 .  Range of  p o t e n t i a l  F igu re  7. Range of p o t e n t i a l  
a c c i d e n t a l  d e a t h s  i n  d e a t h s  and c a s e s  
Region V c o a l  mines of c h r o n i c  r e s p i r -  
due t o  implementat ion a t o r y  d i s e a s e  (CRD) 
of t h e  Mid-Mid Scenar io .  i n  Region V due t o  

c o a l  mining occupa- 
t i o n a l  exposure  
under t h e  Mid-blid 
s c e n a r i o .  

Most f o s s i l  f u e l  u s e  o c c u r s  n e a r  dense ly  popula ted  a r e a s ,  which 
i n c r e a s e s  t h e  p r o b a b i l i t y  of adverse  h e a l t h  impacts .  Although 
combustion of f o s s i l  f u e l s  produces many e f f l u e n t s ,  t h e  a d v e r s s  
impacts of  s u l f u r  ox ides  (SO ) and p a r t i c u l a t e s  a r e  b e s t  documented. 
I n h a l a t i o n  of t h e s e  po l lu t an$s  can a d v e r s e l y  a f f e c t  exposed popu- 
l a t i o n s .  Most s e v e r e l y  a f f e c t e d  would be  t h e  h igh  r i s k  groups 
such a s  a s t h m a t i c s  and yound c h i l d r e n ,  c a rd io -vascu l a r  s a t i e n t s  
and t h e  e l d e r l y  ( C a l a b r i s e ,  1978) .  C u r r e n t l y ,  f i f t y  t o  s i x t y  
pe rcen t  of  a l l  d e a t h s  i n  Region V are a t t r i b u t a b l e  t o  ca rd io -  
v a s c u l a r  and r e s p i r a t o r y  d i s e a s e s ,  bo th  of which a r e  aggrava ted  
by emis s i cns  from f o s s i l  f u e l  use  (Pub l i c  Hea l th  S e r v i c e ,  1977) .  

P u b l i c  h e a l t h  impacts  of  s u l f a t e s  r e l e a s e d  from i n d u s t r i a l  
and u t i l i t y  f u e l  combustion i n  Region V a r e  p r o j e c t e d  t o  d e c r e a s e  
d e s p i t e  an i n c r e a s e  i n  e l e c t r i c i t y  g e n e r a t i o n  of 40% and an 
i n c r e a s e  i n  i n d u s t r i a l  f u e l  u s e  of 240% by 1990. The d e c r e a s e  
i s  a r i m a r i l v  due t o  s u l f u r  emiss ion  c o n t r o l s  expec ted  t o  be 
i n s t i t u t e d  d u r i n g  t h e  assessment  t i m e  frame a s  d i c t a t e d  by t h e  
Clean A i r  A c t .  P u b l i c  h e a l t h  impac ts ,  measured i n  terms of  
i n d i v i d u a l  r i s k  and p o t e n t i a l  number of d e a t h s ,  w i l l  d r o p  by 4 8 %  
and 35% r e s p e c t i v e l y .  The i n t e r r e g i o n a l ,  e a s t e r l y  d i s p e r s i o n  
p a t t e r n  and long  r e s i d e n c e  t i m e  of s u l f a t e  i n  t h e  atmosphere can 
i n c r e a s e  t h e  adve r se  h e a l t h  impact i n  t h e  e a s t e r n  s e c t i o n s  of 
t h e  r eg ion .  



Environmental  r e g u l a t i o n s  i n  t h e  U . S .  p l a y  a  s i g n i f i c a n t  r o l e  
i n  deve lop ing  long-term energy  p o l i c i e s  i n  t h e  U.S. These r egu l a -  
t i o n s  a c t  t o  c o n s t r a i n  t h e  e a s e  w i t h  which energy  development can 
occur .  I n  Region V ,  f o r  i n s t a n c e ,  i n c r e a s e d  c o a l  consumption i s  
l i k e l y  t o  be  c o n s t r a i n e d  by a i r  and wa t e r  q u a l i t y  r e g u l a t i o n s  and 
by .con£ l i c t s  i n  l a n d  use  a s  f o l l ows :  

I n  t h o s e  a r e a s  of  e a s t e r n  Michigan and s o u t h e a s t e r n  
and c e n t r a l  Wisconsin t h a t  have n o t  a t t a i n e d  N a t i o n a l  
Fmbient A i r  Q u a l i t y  S t anda rds  (NAAQS), t h e r e  w i l l  be  
l i m i t e d  o p p o r t u n i t i e s  f o r  m i t i g a t i o n  o f  impac t s  from 
u t i l i t y  c o a l  growth th rough  emi s s ion  o f f s e t s  o r  improved 
c o n t r o l  e f f i c i e n c i e s .  I n  Ohio, 30% of u t i l i t y  c o a l  
qrowth cou ld  be r e s t r i c t e d  p r i m a r i l y  because  o f  NAAQS 
nona t t a inment .  I l l i n o i s ,  I n d i a n a ,  and Ohio may a l s o  
e x p e r i e n c e  problems w i t h  o i l - f i r e d  u t i l i t i e s  i n  n o n a t t a i n -  
ment a r e a s ,  b u t  f u e l  pu rchas ing  p r a c t i c e s  cou ld  reduce  
t h e  a i r  q u a l i t y  impac t s .  

U t i l i t y  and i n d u s t r i a l  s i t i n g  a long  Lake E r i e  may r e q u i r e  
e x t e n s i v e  p r e t r e a t m e n t  o f  e f f l u e n t s  d i s c h a r q e d  i n t o  t h e  
Lake. A l l o c a t i o n  of wa t e r  from Lake Michigan f o r  new 
f a c i l i t i e s  may become an i s s u e  i n  Wisconsin and I l l i n o i s  
where l a r g e  wa te r - fo r -energy  demands c o n f l i c t  w i t h  o t h e r  
wa t e r  u se s .  

S u r f a c e  mining a c t i v i t i e s  i n  I l l i n o i s ,  I n d i a n a ,  and Ohio 
a r e  p r o j e c t e d  t o  d i s t u r b  approx imate ly  200,000 a c r e s  i n  
t h e  pe r i od  1975-1990, c a u s i n g  temporary o r  permanent 
s h i f t s  i n  p r o d u c t i v i t y  and l a n 2  use .  Much of  t h e  l a n d  
i n  t h e  mining a r e a  i s  p r e s e n t l y  i n  f o r e s t  and c rops .  

T h i s  a n a l y s i s  i l l u s t r a t e s  t h e  r e g i o n a l - l e v e l ,  m u l t i d i s c i p l i n a r y  
assessments  c u r r e n t l y  underway f o r  t h e  U.S. Department of Energy. 
A d d i t i o n a l  a s s e s smen t s  w i l l  be done i n  t h e  f u t u r e  u s i n g  d i f f e r e n t  
s c e n a r i o s  r e f l e c t i n g  a  h i g h  market  p e n e t r a t i o n  of  s o l a r  t e c h n o l o g i e s ,  
i n c r e a s e d  s y n f u e l  p roduc t i on  and u s e ,  and o t h e r  energy  s t r a t e g i e s  
i n  t h e  U.S. These s t u d i e s  w i l l  c o n t r i b u t e  t o  an a n a l y s i s  o f  t h e  
p o t e n t i a l  energy ,  economic, and env i ronmenta l  t r a d e - o f f s  r e q u i r e d  
by proposed energy  p o l i c i e s .  The r e g i o n a l  a n a l y s i s  p r o v i d e s  t h e  
Department o f  Energy and o t h e r  energy  p o l i c y  makers w i t h  a  r e g i o n a l  
v iewpoin t  t h a t  can  c o n t r i b u t e  t o  s e n s i t i v e  and r e s p o n s i b l e  p l ann ing  
by i d e n t i f y i n g  i s s u e s  unique t o  p a r t i c u l a r  states o r  r e g i o n s  t h a t  
may s i g n i f i c a n t l y  a f f e c t  t h e  c o s t s  and b e n e f i t s  o f  chosen energy  
p o l i c i e s .  



NOTES 

1. The N a t i o n a l  Environmenta l  P o l i c y  Act (NEPA) r e q u i r e s  
t h a t  an  Environmenta l  Impact S ta tement  be p r epa red  f o r  
a l l  a c t i o n s  judged " s i g n i f i c a n t "  t h a t  occu r  on f e d e r a l  
f a c i l i t i e s ,  o r  t h a t  i n v o l v e  f e d e r a l  funding.  

2 .  The P reven t i on  of S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) program 
w a s  promulgated t o  p r o t e c t  a r e a s  w h e r e  a i r  q u a l i t y  was 
a l r e a d y  c l e a n e r  t h a n  r e q u i r e d  by t h e  Na t i ona l  A i r  Q u a l i t y  
S tandards .  The program d i v i d e s  " c l ean"  a i r  a r e a s  i n t o  
3 c l a s s e s  and s p e c i f i e s  t h e  maximum i n c r e a s e s  i n  ambient  
l e v e l s  of p o l l u t a n t s  f o r  e ach  c l a s s .  C l a s s  I a r e a s  
i n c l u d e  n a t i o n a l  p a r k s  and w i l d e r n e s s  a r e a s  and a r e  sub- 
ject t o  t h e  l owes t  PSD inc rements .  The rest of  t h e  
c o u n t r y ,  e x c e p t  t h o s e  a r e a s  a l r e a d y  exceed ing  NAAQS, 
i s  d e s i g n a t e d  a s  C l a s s  11, w i t h  l a r g e r  inc rements  allowe$.. 
C l a s s  I1 a r e a s  can  be  r e d e s i g n a t e d  a s  C l a s s  I o r  C l a s s  I11 
upon p e t i t i o n  by t h e  a r e a ' s  government.  The l a r g e s t  
inc rements  a r e  a l lowed i n  C l a s s  111 a r e a s ,  though t h e  
r e s u l t a n t  c o n c e n t r a t i o n s  must n o t  exceed t h e  n a t i o n a l  
s t a n d a r d .  
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COLLABORATIVE RESEARCH ON THE ECONOMICS OF 

COAL-BASED ENERGY 

Paper  t o  t h e  IIASA workshop on "Coal - I s s u e s  f o r  t h e  E i g h t i e s "  i n  

Szczyrk ,  Poland,  5-9 November 1979 by Hugh Mellanby Lee (Economic 

Assessment S e r v i c e ,  IEA Coal Research)  

The expans ion  o f  c o a l  a s  an  energy  s o u r c e  w i l l  r e q u i r e  a  worldwide change 

i n  t h e  p a t t e r n  o f  c o a l  p r o d u c t i o n ,  t r a n s p o r t ,  c o n v e r s i o n  and u t i l i z a t i o n .  

T h i s  p a p e r  d e s c r i b e s  some of t h e  c o l l a b o r a t i v e  r e s e a r c h  on c o a l  b e i n g  

done under  t h e  ' a u s p i c e s  of t h e  I n t e r n a t i o n a l  Energy Agency; p a r t i c u l a r  

emphasis i s  g i v e n  t o  some of  t h e  c o n c l u s i o n s  reached s o  f a r  by t h e  

Economic Assessment S e r v i c e .  

The I n t e r n a t i o n a l  Energy Agency (IEA) i s  a n  in ter-government  body. The 

member c o u n t r i e s  a r e  t h e  USA and Canada, J a p a n ,  A u s t r a l i a  and New Zealand 

and most o f  Western Europe ( A u s t r i a ,  Belgium, Denmark, t,he F e d e r a l  

Republ ic  of Germany, Greece,  I r e l a n d ,  I t a l y ,  Luxembourg, N e t h e r l a n d s ,  

Norway, S p a i n  Sweden, S w i t z e r l a n d ,  Turkey and t h e  Uni ted  Kingdom). I t  

was e s t a b l i s h e d  w i t h i n  t h e  framework of t h e  OECD ( O r g a n i s a t i o n  f o r  

Economic Co-opera t ion  and Development) i n  November 1974 a f t e r  t h e  energy  

c r i s i s  o f  t h e  p r e v i o u s  w i n t e r .  The purpose  o f  t h e  IEA i s  c o - o p e r a t i o n  

among i t s  member c o u n t r i e s  t o  reduce  e x c e s s i v e  dependence on o i i  th rough  

energy c o n s e r v a t i o n  and development of a l t e r n a t i v e  energy  s o u r c e s ,  

i n c l u d i n g  c o a l .  

Among i t s  many a c t i v i t i e s ,  t h e  IEA has  a  Working P a r t y  on Coal Research 

and Development. T h i s  working P a r t y  has  i d e n t i f i e d  v a r i o u s  p r o j e c t s  

where i n t e r n a t i o n a l  collaborative r e s e a r c h  would b e  b e n e f i c i a l  and would 

f u r t h e r  t h e  aims o f  t h e  IEA. (See F i g u r e  1 . )  So f a r  14 c o a l  p r o j e c t s  

have been e s t a b l i s h e d .  Each o f  t h e s e  p r o j e c t s  i s  funded by some, b u t  n o t  

a l l ,  o f  t h e  IEA member c o u n t r i e s .  One p a r t i c u l a r  coun t ry  is  d e s i g n a t e d  

t h e  "Opera t ing  Agent" b u t  some of  t h e  s t a f f  a r e  o f t e n  s u p p l i e d  by some of 

t h e  o t h e r  c o u n t r i e s .  (See F i g u r e  2 )  



Four o f  t h e s e  c o a l  p r o j e c t s  a r e  p a r t i c u l a r l y  i n t e r e s t i n g  t o  t h i s  IIASA 

workshop. They a r e  t h e  Technica l  Information S e r v i c e ,  t h e  World Coal 

Reserves and Resources Data Bank, t h e  Mining Technology C lea r ing  House 

and t h e  Economic Assessment Se rv i ce .  

The o b j e c t i v e  of t h e  Technica l  Information Se rv i ce  (TIS) i s  t o  

d i ssemina te  in format ion  r e l a t e d  t o  a l l  a s p e c t s  of c o a l .  I t  has  c r e a t e d  a  

computerised da t a  base  of a b s t r a c t s  on publ i shed  a r t i c l e s  on c o a l  from 

t e c h n i c a l  j o u r n a l s ,  r e s e a r c h  r e p o r t s  and conference papers .  A Coal 

Thesourus has  been developed t o  index t h i s  d a t a  base  and it i s  hoped t h a t  

on - l i ne  acces s  t o  i t  w i l l  be a v a i l a b l e  soon. By t h e  end of  1979 some 

25 000 a b s t r a c t s  w i l l  have been inco rpo ra t ed .  These a b s t r a c t s  come not  

only from t h e  c o u n t r i e s  funding TIS b u t  a l s o  from many o t h e r  c o u n t r i e s ;  

f o r  example, about  a  hundred Eas t e rn  European j o u r n a l s  a r e  covered. 

TIS pub l i shes  a monthly p e r i o d i c a l  'Coal A b s t r a c t s '  which c o n t a i n s  a l l  

t h e  a b s t r a c t s  which have been added t o  t h e  da t a  base .  The index does no t  

c o n t a i n  a  s p e c i f i c  e n t r y  f o r  Systems Analysis  o r  Opera t iona l  Research b u t  

any paper  publ i shed  i n  t h i s  f i e l d  is included i n  'Coal A b s t r a c t s '  . It  

a l s o  i nc ludes  t h e  Coal Calendar g iv ing  d e t a i l s  of  a l l  forthcoming 

conferences  and o t h e r  even t s  r e l e v a n t  t o  t h e  c o a l  i n d u s t r y .  

TIS a l s o  pub l i shes  t e c h n i c a l  reviews. These a r e  c r i t i c a l  l i t e r a t u r e  

reviews,  wi th  e x t e n s i v e  b i b l i o g r a p h i e s ,  of  s e l e c t e d  s u b j e c t s  i n  o r  

r e l a t e d  t o  t h e  f i e l d  of  coa l  p roduct ion  and use .  Seven of  t h e s e  reviews 

have been publ i shed  so  f a r  i nc lud ing  one on underground t r a n s p o r t  and 

ano the r  on methane p r e d i c t i o n .  

The World Coal Reserves and Resources Data Bank (WCRRDB) i s  e s t a b l i s h i n g  

a  computerised d a t a  bank on coa l  i n  p l ace .  I t  i s  c o l l e c t i n g  p h y s i c a l  and 

chemical d a t a  (depth ,  seam t h i c k n e s s ,  energy con ten t  e t c . )  on every  

c o a l f i e l d  i n  t h e  world from t h e  l i t e r a t u r e ,  supplemented by d i r e c t  

enqu i ry .  The informat ion  from d i f f e r e n t  c o u n t r i e s  i s  be ing  s t o r e d ,  bo th  

i n  i t s  o r i g i n a l  form and i n  comparable te rms ,  on a  computerised d a t a  bank 

which has cons ide rab l e  f l e x i b i l i t y .  WCRRDB is  a l s o  developing a  l ex i con  

of t h e  terms used i n  a s s e s s i n g  r e se rves  and resources  i n  d i f f e r e n t  

c o u n t r i e s .  Some r e sea rch  has  a l s o  been done on t h e  r e l a t i o n s h i p  between 

mining c o s t s  and the  phys i ca l  da t a  on coa l  i n  p l a c e .  



The purpose of the Mining Technology Clearing House (YTCH) is to help 

increase the effectiveness of the coal mining R S 9  (research and 

development) in its funding countries. It covers all activities 

connected with coal mining from exploration to market preparation of the 

product. It collects information on the .mining R S 9  projects being 

carried out in each country and then collates and analyses i: in order to 

facilitate the exchange of information between countries and to promote 

active liaison and collaboration. It is compiling a number of registers 

of R&D projects in the same field, including one on 'Planning and 

Management' which broadly covers all systems analysis acd operational 

research projects. 

MTCH has published over twenty papers and reports. Some .of these are 

register critiques which analyse the number and nature of projects in a 

particular field; they indicate where valuable experience lies which may 

be of use to other countries. Some of the papers are technical 

investigations which have included 'Hydrotransport of Solids Underground' 

and 'Mining Methods to Improve Reserve Recovery'. X T C I I  have also 

organised technical meetings of researchers working in the same field. 

The purpose of the Economic Assessment Service (EAS) is to provide 

economic studies to support the development of the international coal 

industry. It makes economic assessments of coal production, transport, 

conversion and utilisation in order to assist the funding countries in 

the formulation of new research projects and in evaluating the 

application of coal technologies to their own needs. With a professional 

staff of eight, it is not set up to provide ~ t s  own basic data; rather 

its aim is 

- to review reported information, and accept or adjust it in the light 

of developing knowledge and personal visits, 

- to put the information on a consistent and relatively independent 

basis, particularly with regard to economic conventions, and 

- to extract any message, free of conventions, pointing out where 

uncertainty remains. 



The xork programme of  EAS is d i v i d e d  i n t o  f o u r  a r e a s :  

- Coal s u p p l y ,  t r a n s p o r t  and t r a d e  

- Economics o f  c o a l  convers ion  t e c h n o l o g i e s  

- Environmental  s t u d i e s  

- R e l a t i v e  economics o f  coa l -based  energy .  

E i g h t  r e p o r t s  have been p u b l i s h e d  c o v e r i n g  a  v a r i e t y  o f  t o p i c s  i n  t h e s e  

a r e a s  and s e v e r a l  more a r e  i n  d r a f t .  A number o f  i n t e r e s t i n g  c o n c l u s i o n s  

have been reached s o  f a r :  t h e s e  a r e  d e s c r i b e d  i n  t h e  r e s t  o f  t h e  p a p e r .  

Year ly  a l l  t h e  p u b l i s h e d  s t u d i e s  on energy  supp ly  and demand a g r e e  t h a t  

world c o a l  demand w i l l  i n c r e a s e  s u b s t a n t i a l l y  by t h e  end of t h e  c e n t u r y .  

There  a r e  arguments f o r  and a g a i n s t  a number o f  d i f f e r e n t  s c e n a r i o s :  a  

h i g h  energy growth s c e n a r i o  (based mainly  on a  r a p i d  expans ion  o f  n u c l e a r  

e n e r g y )  g i v e s  a n  i n c r e a s e  i n  c o a l  demand o f  a b o u t  250% by t h e  y e a r  2000 

and a low energy  growth s c e n a r i o  (based on s u b s t a n t i a l  energy  conser -  

v a t i o n )  g i v e s  a n  i n c r e a s e  i n  c o a l  demand of  65%. 

A c e n t r a l  view of  c o a l  demand is g iven  i n  F i g u r e  3. T h i s  shows t h a t  t h e  

l a r g e s t  i n c r e a s e  i n  demand ( i n  a b s o l u t e  t e rms)  w i l l  come from t h e  

e l e c t r i c i t y  g e n e r a t i o n  marke t .  However, t h i s  market  w i l l  o n l y  account  

f o r  50% o f  t h e  t o t a l  demand and each  of t h e  o t h e r  marke t s  w i l l  be 

impor tan t :  f o r  example,  s y n t h e t i c  o i l  and gas  w i l l  o n l y  account  f o r  

abou t  5% of  t h e  demand b u t  t h i s  r e p r e s e n t s  o v e r  200 Mtce. 

T h i s  i n c r e a s e  i n  c o a l  demand  ill be s u p p l i e d  by o n l y  a  r e l a t i v e l y  s m a l l  

number o f  c o u n t r i e s .  There  a r e  e i g h t  c o u n t r i e s  which cou ld  i n c r e a s e  

t h e i r  c o a l  p r o d u c t i o n  by 100 Mtce o r  more between now and t h e  end of t h e  

c e n t u r y :  A u s t r a l i a ,  Canada, China,  I n d i a ,  Po land ,  South A f r i c a ,  t h e  USA 

and t h e  USSR. The o t h e r  c o a l  p roduc ing  c o u n t r i e s  and p o t e n t i a l  c o a l  

producing c o u n t r i e s  w i l l  o n l y  be s i g n i f i c a n t  a t  t h e  margin.  

I n t e r n a t i o n a l  t r a d e  i n  c o a l  w i l l  a l s o  i n c r e a s e  c o n s i d e r a b l y .  A t  p r e s e n t  

most o f  t h e  c o a l  t r a d e  i s  i n  coking c o a l  and most o f  t h e  steam c o a l  t r a d e  

i s  between nearby c o u n t r i e s .  T h i s  s i t u a t i o n  w i l l  be  r e v e r s e d  by t h e  y e a r  

2000: most o f  t h e  t r a d e  w i l l  be steam c o a l  and it w i l l  be between d i s t a n t  

c o u n t r i e s .  I n  p a r t i c u l a r ,  Western Europe and Japan  w i l l  be  impor t ing  



s u b s t a n t i a l  q u a n t i t i e s  of  steam c o a l  because they  cannot expand t h e i r  own 

c o a l  product ion s u f f i c i e n t l y .  

There i s  a  l i m i t  t o  t h e  expor t  c a p a b i l i t y  of most of  t h e  e i g h t  c o u n t r i e s  

mentioned above which could expand t h e i r  c o a l  p roduct ion  by 100 Mtce o r  

more. Ind i a  and Poland w i l l  probably consume i n t e r n a l l y  a l l  t h e  e x t r a  

c o a l  they  produce and China and t h e  USSR w i l l  no t  be a b l e  t o  expor t  very  

much c o a l  f o r  t h e  same reasons .  A u s t r a l i a ,  Canada and South Af r i ca  w i l l  

i n c r e a s e  t h e i r  expor t s  enormously b u t  t h e r e  a r e  c o n s t r a i n t s  i n  t h e s e  

c o u n t r i e s  on both  t h e  expansion of product ion  and t h e  expansion of 

t r a n s p o r t  and p o r t  f a c i l i t i e s .  This  l e aves  t h e  USA which w i l l  become t h e  

marginal  world s u p p l i e r  of  c o a l ,  d e s p i t e  t h e  f a c t  t h a t  a t  p r e s e n t  it i s  

n o t  expor t i ng  any steam c o a l  (except  t o  Canada) because i t s  p r i c e s  a r e  

t o o  high.  

There a r e  a number of f a c t o r s  which w i l l  cause a  r e a l  i n c r e a s e  i n  c o a l  

mining c o s t s ,  e s p e c i a l l y  i n  t hose  c o a l f i e l d s  whose ou tput  i s  going t o  

r ise s u b s t a n t i a l l y .  I n  o rde r  t o  r e c r u i t  more miners it w i l l  be  necessary  

t o  i n c r e a s e  t h e i r  wages more t han  o t h e r  workers (whose wages tend t o  

i n c r e a s e  by 1% p e r  yea r  i n  r e a l  terms i n  any ca se ) .  I n  any p a r t i c u l a r  

c o a l f i e l d  t h e r e  a r e  u n l i k e l y  t o  be g r e a t  improvements I p r o d u c t i v i t y  t o  

o f f s e t  t h i s  wages i n c r e a s e  and,  i n  some c a s e s ,  environmerltal r e g u l a t i o n s  

w i l l  have a  nega t ive  e f f e c t  on p r o d u c t i v i t y .  Ma te r i a l s  c o s t s  p e r  tonne 

have a l s o  been i n c r e a s i n g  i n  r e a l  terms i n  t h e  p a s t  decade and t h i s  is  

l i k e l y  t o  cont inue .  F i n a l l y ,  c a p i t a l  charges  w i l l  i n c r e a s e  because t h e  

e x t r a  investment  w i l l  r e q u i r e  a  h ighe r  r a t e  of r e t u r n .  

A l l  t h e s e  f a c t o r s  w i l l  lend t o ' a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  c o s t  of c o a l  

a t  t h e  mine-mouth. However, t h e  i nc rease  i n  t h e  d e l i v e r e d  c o s t  of  coa l  

w i l l  no t  be s o  g r e a t  because much of  t h e  i n c r e a s e  i n  product ion  w i l l  come 

from lower-cost  c o a l f i e l d s  and because t r a n s p o r t  c o s t s  w i l l  n o t '  r i s e  by 

s o  much. Moreover, t h e  rise i n  world o i l  p r i c e s  i s  l i k e l y  t o  be much 

h igher  than  the  i n c r e a s e  i n  c o a l  c o s t .  The p r i c e  of c o a l  w i l l  no t  be 

l i n k e d  t o  t h e  p r i c e  of o i l  because t h e r e  w i l l  be s u f f i c i e n t  compet i t ion  

between t h e  d i f f e r e n t  c o a l  producing c o u n t r i e s :  i n  t h e  USA, where t h e r e  

i s  competi t ion between the  c o a l  producing companies, t h e  p r i c e  of c o a l  

r e l a t i v e  t o  t h e  p r i c e  of o i l  has v a r i e d  enormously over  t h e  p a s t  decade. 



The i n c r e a s e  i n  product ion  w i l l  mainly come from c o a l f i e l d s  which a r e  a  

very long d i s t a n c e  from t h e i r  markets.  For  example, t h e  e x t r a  coa l  i n  

t h e  USSR w i l l  come from t h e  S i b e r i a n  and o t h e r  Eas t e rn  c o a l f i e l d s  which 

a r e  some thousands of k i lomet res  from t h e  main demand c e n t r e  i n  t h e  

European p a r t  of t h e  country.  S i m i l a r l y  t h e  e x t r a  product ion  i n  

A u s t r a l i a ,  Canada, South Af r i ca  and t h e  USA w i l l  be a  long way away from 

t h e  home o r  expor t  markets .  So t h e  t r a n s p o r t  of coa l  o r  coal-based 

energy w i l l  become more impor tan t  t han  it has been i n  t h e  p a s t .  

?lost  t echnologies  f o r  t r a n s p o r t i n g  coa l  use  o i l  a s  t h e  motive power. 

T y p i c a l l y  f u e l  c o s t s  a r e  about  a  t h i r d  of  t h e  t o t a l  c o s t s  p e r  tonne 

t r a n s p o r t e d ;  t h u s  c o a l  t r a n s p o r t  c o s t s  w i l l  t end  t o  i n c r e a s e  a s  world 

o i l  p r i c e s  i n c r e a s e .  However, t h e r e  a r e  some p o t e n t i a l  improvements o r  

changes i n  t r a n s p o r t  technology.  The u n i t - t r a i n  concept  has  a l r e a d y  

reduced r a i l  t r a n s p o r t  c o s t s  cons iderab ly  and t h e r e  i s  a  ve ry  l a r g e  

p o t e n t i a l  t o  improve t h e  labour  p r o d u c t i v i t y  of  t h e  ra i lways  i n  most 

c o u n t r i e s ;  i n  a d d i t i o n ,  ra i lway  e l e c t r i f i c a t i o n  w i l l  reduce t h e  

dependence on o i l .  Coal s l u r r y  p i p e l i n e s  o f f e r  a  v i a b l e  a l t e r n a t i v e  f o r  

over land  t r a n s p o r t  and they  could be cheaper  than  r a i l  t r a n s p o r t  f o r  long 

d i s t a n c e s  and h igh  throughputs ,  p a r t l y  because p i p e l i n e  pumps can be 

powered by e l e c t r i c i t y ;  more r e sea rch  needs t o  be  done on t h e  dewater ing 

o f  coa l  s l u r r y  t o  reduce i t s  c o s t s  and environmental  e f f e c t s .  Cable b e l t  

conveyors can a l s o  be compet i t ive  wi th  r a i l  t r a n s p o r t  f o r  h igh  

throughputs  and d i s t a n c e s  up t o  100 km. However, n e i t h e r  s l u r r y  

p i p e l i n e s  nor  conveyor b e l t s  a r e  a s  f l e x i b l e  a s  r a i l  t r a n s p o r t .  

Fo r  journeys by s e a ,  l a r g e r  s h i p s  have a l r e a d y  reduced coa l  t r a n s p o r t  

c o s t s  cons iderab ly  and t h i s  t r end  w i l l  con t inue .  Se l f -un loading  s h i p s  

a r e  t h e  on ly  mode of c o a l  t r a n s p o r t  on t h e  Great  Lakes of North America; 

t h i s  concept  could p r o f i t a b l y  be extended t o  t h e  s h o r t  s ea  d i s t a n c e s  

w i t h i n  Europe and it could be used f o r  much longer  d i s t a n c e s  i f  it saved 

t h e  c o s t  of c o n s t r u c t i n g  an expensive new p o r t  f o r  a  new c o a l  convers ion  

p l a n t .  The technology of s l u r r y  s h i p s  f o r  c o a l  has no t  y e t  been 

commercialised b u t  i t  could o f f e r  sav ings  i f  it i s  used i n  con junc t ion  

w i t h  s l u r r y  p i p e l i n e s  i n  bo th  t h e  expor t i ng  and import ing c o u n t r i e s .  



There  a r e  a  number of  sys tems problems a s s o c i a t e d  w i t h  c o a l  t r a n s p o r t .  

The c h o i c e  between f l e x i b i l i t y  and c o s t  has  a l r e a d y  been h i n t e d  a t  above.  

The c o a l  i n d u s t r y  i s  n o t  v e r t i c a l l y  i n t e g r a t e d  i n  comparison w i t h  t h e  o i l  

i n d u s t r y :  c o a l  p r o d u c t i o n ,  c o a l  t r a n s p o r t  and c o a l  c o n v e r s i o n  a r e  

u s u a l l y  done by s e p a r a t e  companies.  T h i s  makes t h e  sys tems  problems more 

d i f f i c u l t  t o  s o l v e .  A c o a l  c o n v e r t i n g  company u s u a l l y  wants a  d i v e r s i t y  

of  c o a l  s u p p l i e r s  f o r  s e c u r i t y  b u t  t h i s  can  add t o  t h e  c o a l  q u a l i t y  and 

b l e n d i n g  problems.  T h i s  i s  a l s o  i n h i b i t i n g  t h e  development of  l a r g e  new 

mines because  s a l e s  c o n t r a c t s  w i t h  s e v e r a l  d i f f e r e n t  consumers and t h e i r  

a s s o c i a t e d  t r a n s p o r t  c o n t r a c t s  have t o  be  a r r a n g e d  f i r s t .  

When c o a l  i s  t o  be  c o n v e r t e d  i n t o  e l e c t r i c i t y ,  it i s  u s u a l l y  c h e a p e r  t o  

t r a n s p o r t  t h e  c o a l  a s  c o a l  and t o  s i t e  t h e  g e n e r a t i o n  p l a n t  n e a r  t o  t h e  

demand f o r  e l e c t r i c i t y .  However, when r a i l  p r i c e s  a r e  e x p e n s i v e  and no 

o t h e r  mode of  c o a l  t r a n s p o r t  i s  p r a c t i c a l ,  it can b e  cheaper  t o  g e n e r a t e  

t h e  e l e c t r i c i t y  a t  t h e  mine-mouth and t o  t r a n s m i t  i t  by overhead d i r e c t  

c u r r e n t  l i n e s .  When c o a l  i s  t o  be  c o n v e r t e d  i n t o  g a s ,  it is always 

c h e a p e r  t o  t r a n s p o r t  t h e  c o a l  and c o n v e r t  i n  n e a r  t o  t h e  c e n t r e  of  t h e  

demand f o r  g a s .  When c o a l  i s  t o  be  c o n v e r t e d  i n t o  a  l i q u i d  f u e l s ,  it i s  

a lways  cheaper  t o  do t h i s  a t  t h e  mine-mouth and t r a n s p o r t  t h e  l i q u i d s ;  

however, where i n t e r n a t i o n a l  t r a d e  i s  i n v o l v e d ,  t h e  i m p o r t i n g  Country  may 

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

s e c u r i t y  and because  o f  i t s  v a l u e  t o  t h e  economy. 

There  i s  a  w e l l  e s t a b l i s h e d  t echno logy  f o r  g e n e r a t i n g  electricity from 

c o a l :  t h e  p u l v e r i s e d  f u e l  b o i l e r  w i t h  a  s team c y c l e .  For  d e l i v e r e d  c o a l  

c o s t s  of 1 t o  2 $/GJ, t h e  f i n a l  e l e c t r i c i t y  c o s t s  a r e  s i a i l a r  t o  t h o s e  

f o r  n u c l e a r  g e n e r a t i o n  and t h e  c h o i c e  between c o a l  and n u c l e a r  i s  made on 

grounds  o t h e r  t h a n  c o s t .  

Three  new t e c h n o l o g i e s  f o r  g e n e r a t i n g  e l e c t r i c i t y  from c o a l  a r e  under  

development and cou ld  be  commercial by t h e  mid 1 9 9 0 ' s .  These  a r e :  

- The a tmospher ic  Z l u i d i s e d  bed b o i l e r  i n c o r p o r a t i n g  l i m e s t o n e  

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

g e n e r a t i o n .  



- The p r e s s u r i s e d  f l u i d i s e d  bed b o i l e r  i n c o r p o r a t i n g  do lomi te  a d d i t i o n  

f o r  s u l p h u r  removal.  E l e c t r i c i t y  g e n e r a t i o n  i s  by combined c y c l e  

u s i n g  b o t h  gas  and s team t u r b i n e s .  

- Air-blown c o a l  g a s i f i c a t i o n  t o  produce a  c l e a n  f u e l  gas  which i s  

used t o  g e n e r a t e  e l e c t r i c i t y  i n  a  combined c y c l e  sys tem.  A number 

o f  p r o c e s s  v a r i a n t s  a r e  under  development.  

The advan tage  of t h e s e  new t e c h n o l o g i e s  i s  t h a t  t h e y  promise  a  

s i g n i f i c a n t  s a v i n g  i n  e l e c t r i c i t y  c o s t s  when env i ronmenta l  r e g u l a t i o n s  

r e q u i r e  s u l p h u r  removal.  Tha t  is when t h e y  a r e  compared w i t h  a  

c o n v e n t i o n a l  f u r n a c e  b u r n i n g  p u l v e r i s e d  f u e l ,  u s i n g  a  s team c y c l e  f o r  

e l e c t r i c i t y  g e n e r a t i o n  and w i t h  a  w e t  l i m e s t o n e  s c r u b b e r  f o r  removal of 

s u l p h u r  d i o x i d e  from t h e  s t a c k  g a s .  A l l  t h r e e  new t e c h n o l o g i e s  g i v e  a  

s i m i l a r  s a v i n g  of 11-16% f o r  h i g h  s u l p h u r  (3.5%) c o a l  and 85% s u l p h u r  

removal;  t h e  a c t u a l  s a v i n g  depends on t h e  c o a l  p r i c e ,  d i s c o u n t e d  r a t e  o f  

r e t u r n ,  t h e  t a x a t i o n  p o l i c y  e t c .  For  low t o  moderate  c o a l  p r i c e s  t h e  

a t m o s p h e r i c  f l u i d i s e d  bed i s  t h e  most economic; f o r  h igh  c o a l  p r i c e s  

e i t h e r  of t h e  o t h e r  two new t e c h n o l o g i e s  a p p e a r  t o  be  more a t t r a c t i v e .  

When s u l p h u r  c o n t r o l  i s  n o t  n e c e s s a r y ,  t h e  p r e s s u r i s e d  f l u i d i s e d  bed i s  

t h e  most f a v o u r a b l e  o p t i o n ,  b u t  t h e  s a v i n g s  a r e  o n l y  7-9% compared w i t h  a  

c o n v e n t i o n a l  p u l v e r i s e d  f u e l  b o i l e r .  

The c o s t  o f  c o n v e r t i n g  c o a l  t o  s u b s t i t u t e  n a t u r a l  g a s  (SNG) i s  3 t o  4 

d o l l a r s  p e r  GigaJou le  o f  SNG. The e f f i c i e n c y  i s  abou t  65% and s o ,  when 

t h e  c o s t  o f  t h e  c o a l  i s  added i n ,  t h e  t o t a l  c o s t  of SNG is 4 t o  9 $/GJ.  

The lower end o f  t h i s  range cor responds  b r o a d l y  w i t h  t h e  upper  end o f  t h e  

range  o f  c o s t s  f o r  ' f r o n t i e r '  g a s  and LNG ( l i q u i d  n a t u r a l  g a s )  from 

o v e r s e a s  gas  f i e l d s .  T h i s  s u g g e s t s  t h a t  SNG from c o a l  i s  n o t  a  v i a b l e  

s h o r t - t e r m  o p t i o n .  Moreover,  t h e  c o s t s  of c o n v e r t i n g  c o a l  t o  low o r  

medium energy c o n t e n t  g a s e s  a r e  o n l y  s l i g h t l y  l e s s ,  s o  t h e s e  a r e  a l s o  n o t  

v i a b l e  o p t i o n s .  

There  a r e  t h r e e  borad r o u t e s  f o r  c o n v e r t i n g  c o a l  t o  l i q u i d s :  p y r o l y s i s ,  

s y n t h e s i s  and s o l v e n t  e x t r a c t i o n  w i t h  hydrogena t ion .  A l l  t h r e e  r e q u i r e  

some c o a l  g a s i f i c a t i o n .  



Pyrolysis is the distillation of coal to separate a liquid/gas fraction 

from a char residue. The main disadvantage of this route is the low 

yield of liquids and gases. 

Synthesis is the gasification of coal in oxygen to produce a 

carbon-monoxide and hydrogen mixture from which liquids and gases can be 

more or less selectively synthesized. The advantages of this route are, 

firstly, it is already working on a commercial scale at the SASOL plant 

in South Africa, secondly, it is easier to produce transport fuels and, 

thirdly, much of the cheaper coal is high in oxygen and water which is 

advantageous for this route. 

Solvent extraction with hydrogenation involves dissolution of the coal 

in a solvent, followed by some degree of hydrogenation and subsequent 

separation of liquids/gases by filtration and/or distillation. The newer 

processes being developed for this direct route promise significant 

improvements over the Second' World War state of the art, but none of 

these processes have yet worked on a sizeable scale. 

All coal liquefaction processes produce more than one product. Moreover, 

each of the processes has a different range of products, which makes 

comparisons between them difficult. In general, processes with a low 

investment and a high efficiency produce more boiler fuel, while the high 

investment low efficiency processes tend to. produce more productt Ilrom 

the top end of the barrel, which are more valuable. 

At present no coal liquefaction process seems to be commercial viable, 

except in the special circumstances of South Africa where a combination 

of cheap coal and a desire to be independent of foreign oil supplies has 

led to the development of the Fischer-Tropsch process on a commercial 

scale by SASOL. As oil prices increase coal liquefaction will become 

viable provided that coal prices and plant investment costs do not 

increase at the same rate. 
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MODELLING S T R I P  MINING IMPACTS 
ON GROUNDWATER RESOURCES FOR 

USE I N  COAL DEVELOPMENT PLANNING 

K.-H. Zwirnmann 



ABSTRACT 

The impacts of s t r i p  mining on groundwater resources  can 
be demonstrated with examples from t h e  East  Lusatia a rea  i n  
t h e  GDR. Analysis and p red ic t ion  of  such impacts a r e  done by 
using a h i e r a r c h i c a l  system of  numerical groundwater flow models. 
This system is  subdivided i n t o  t h r e e  ca tegor ies :  r e g i o n a l ,  s t r i p  
mine, and opera t iona l  modelling. Each of them uses d i f f e r e n t  
horizons of time and space a s  wel l  a s  r e spec t ive  modelling tech- 
niques such a s  one- o r  two-dimensional groundwater flow simula- 
t i o n .  Resul t s  obtained from reg iona l  modelling a r e  shown and 
t h e i r  inf luence  on t h e  feedback of  coa l  development planning 
and environmental dec i s ion  making is  d iscussed .  



OBJECTIVE AND SCOPE O F  THE PAPER 

Being faced by t he  changing dynamics of energy consumption, 
production, and economics, many count r ies  a r e  planning t h e i r  
energy policy,  a t  l e a s t  f o r  t h e  near fu tu re ,  around t h e i r  l a rge  
coal  reserves.  L ign i te  espec ia l ly  plays an important r o l e  f o r  
severa l  count r ies ,  because of  a r e l a t i v e l y  favorable production 
technique - s t r i p  mining. 

Figure 1 dep ic t s  t he  l i g n i t e  mining of  t h e  world i n  1975 
and shows the  GDR a s  t h e  g r e a t e s t  l i g n i t e  producer. With an 
annual output of about 250 mi l l ion  tons,  t h e  GDR produces about 
30% of the  t o t a l  world output  of l i g n i t e .  Because of t h i s  high 
production r a t e ,  and because of t h e  au thor ' s  knowledge of s t r i p  
mining i n  t he  GDR, a s t r i p  mining a f fec ted  area  from the re  i s  
chosen f o r  demonstrating groundwater modelling a s  a useful  t o o l  
i n  coal  development planning. However, the  author bel ieves  t h a t  
the  presented problems and r e s u l t s  can be useful  i n  general terms 
f o r  o ther  countr ies .  

In general ,  t he  s t r i p  mining impacts on groundwater resources 
a r e  twofold, a f f ec t i ng  both the  flow and the  qua l i t y  of  usable 
groundwater i n  a given region. This paper, however, dea l s  only 
with flow modelling. Since t he  paper i s  intended t o  serve as  a 
f i r s t  contr ibut ion t o  IIASA's work on assessment of mining im-  
pacts  on t h e  environment done i n  t he  proposed t a sk  "Coal - Issues 
f o r  the  Eight ies" ,  no de t a i l ed  descr ip t ion  of  groundwater model- 
l i n g  is expounded. Rather, emphasis is  placed on a general  mod- 
e l l i n g  approach and i t s  decision making context  i n  coal  develop- 
ment planning. 



GDR 

Source: Ufer and Ger i s ch ,  1979 

F igu re  1 :  World l i g n i t e  mining i n  1975. 



STRIP  M I N I N G  IMPACTS ON GROUNDWATER RESOURCES 

The G D R ' s  energy supply i s  based on a primary energy struc-  
t u r e  which is r a t h e r  unusual fo r  developed count r ies .  A s  Figure 
2 shows, two t h i r d s  of t he  t o t a l  output  of primary energy i s  pro- 
vided by l i g n i t e  ex t rac ted  exclusively by s t r i p  mining. In  t h i s  
connection, it i s  important t o  mention t h e  very high water content 
of l i g n i t e ,  which amounts t o  SOX. Moreover, a s  t h e  seams a r e  now 
a t  g r ea t e r  depth than previously, an ever increas ing amount of  
water must be pumped ou t  and drained o f f .  This development can be 
seen i n  Figure 3. The general importance of t he  lowering of 
groundwater f o r  ensuring s t r i p  mining is evident  when one considers  
t h a t  t he  cos t  f o r  doing this amounts t o  about 20% of the  t o t a l  
cos t  of coal  production a t  present .  

S t r i p  mining leads  t o  s p e c i f i c  environmental problems which 
w i l l  be explained f o r  t h e  East Lusat ia  a rea  s i t u a t e d  i n  t he  south- 
e a s t  of the  GDR. Figure 4 dep ic t s  t h i s  region,  which i s  charac- 
t e r i zed  espec ia l ly  by four l a rge  mines, rest p i t s ,  waterworks, 
i r r i g a t e d  a g r i c u l t u r a l  a reas ,  and streams. This region (about 
1000 km2) where l i g n i t e  mining da t e s  back t o  t he  beginning of 
t he  century,  is a f fec ted  by the  lowering of t h e  groundwater t a b l e  
up t o  20 t o  30 meters. In  some mines, t he  amount of water t o  be 
pumped exceeds t he  output  of coal  t en  t o  one hundred t i m e s .  Be-  
cause of  t h i s  and mines of 4 0  t o  60 meters i n  depth, l a rge  region- 
a l  cone-shaped depressions were formed. 

In  areas  where t h e  problem of depressions has been i n  exis-  
tence f o r  two generat ions,  t he  a r t i f i c i a l l y  changed groundwater 
t a b l e  was o f t en  considered a s  permanent and was e i t h e r  not  con- 
s idered o r  not  s u f f i c i e n t l y  taken i n t o  account when e r ec t i ng  
buildings.  The problem r e s u l t i n g  from t h i s  grows more evident  
as  mining moves from the  south t o  t he  north,  c r ea t i ng  a progres- 
s i ve  rise of t he  groundwater t a b l e  i n  t h e  south, which has already 
reached i ts  i n i t i a l  l e v e l  i n  some former mining areas .  In these  
a reas ,  the  groundwater must be prevented, through a r t i f i c i a l  means, 
from r i s i n g  t o  i t s  former na tura l  l e v e l ,  i n  order  t o  p ro t ec t  the 
s t ruc tu re s  which have been b u i l t  i n  t h e  meantime. 

Another phenomenon is  the  worked-out mines, which a r e  of 
g r ea t  importance e i t h e r  f o r  use by water management o r  f o r  com- 
munity recreat ion.  The s torage  capaci ty of the  fu tu re  lakes  
which w i l l  be formed i n  t he  worked-out mines i n  t he  Lusatian area  
amounts t o  50 x 1 0 6  and 250 x 106m3, each mine having a water sur-  
face a rea  between 300 and 1200 hectares.  

When considering the  s i t u a t i o n  described above with respect  
t o  regional  eavironmental protec t ion,  the  following t a sks  w i l l  
a r i s e :  

- Limiting t he  areas  where an a r t i f i c i a l  change of t he  na- 
t u r a l  groundwater balance is allowed t o  occur: concomitant 
recording of t he  progressive changes. 

- Determining the  zones where changes i n  the  hydrological 
regime of streams a r e  t o  be expected a s  a r e s u l t  of the  





Source: Strzodka,  1 9 7 9  

Figure  3:  Development of t h e  removal of t h e  water  i n  
t h e  l i g n i t e  i n d u s t r y  of  t h e  GDR. 
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change i n  t h e  groundwater regime. Both t h e  
t h e  expected change and i t s  v a r i a b i l i t y  with 
t i m e  and space should be considered. For t h i s ,  

th;ee phases should be d i s t ingu i shed :  

a )  When opening t h e  mine, a cone-shaped depress ion  w i l l  be 
produced, whereby t h e  pumped o u t  water  should be d i s -  
charged i n t o  s t reams,  i f  poss ib le ,  below t h e  a f f e c t e d  
area .  I n  t h e  a f f e c t e d  a r e a  t h e r e  is ,  however, water  
simultaneously e x t r a c t e d  from t h e  channels because of 
i n f i l t r a t i o n  of su r face  water o r  because of  groundwater 
inflow i n t o  t h e  streams. 

b) I n  the  phase of mine opera t ion ,  t h e  unavoidable and a l s o  
necessary cone-shaped depression s h i f t s  i t s  l o c a t i o n  a s  
t h e  s i te  o f  t h e  mine s h i f t s .  The groundwater Cel ivery  
during t h i s  per iod  - l a t e r a l  groundwater inf low i n t o  t h e  
cone-shaped depress ion  and groundwater recharge i n  i t s  
zone - w i l l  a l s o  be discharged t o  a stream. With regard 
t o  t h e  p o s s i b l e  e x t r a c t i o n  of water  from streams,  t h e  
same is  t r u e  a s  mentioned i n  a ) .  

C )  In  the. r a i s i n g  phase, the gradual  r e f i l l i n g  o f  t h e  cone- 
shaped depress ion  and t h e  f i l l i n g  of t h e  l a k e s  i n  t h e  
worked-out mines with l a t e r a l  groundwater and recharged 
groundwater begins,  and i f  necessary,  it w i l l  be supple- 
mented by water a r t i f i c i a l l y  suppl ied  from channels o r  
from o t h e r  mines. 

I n  summary, it can be s t a t e d  t h a t  planned c o a l  development 
po l i cy  can only be success fu l ly  implemented a f t e r  i d e n t i f y i n g  
and assess ing  t h e  fol lowing p o s s i b l e  consequences of t h e  po l i cy :  

- Design of dra inage  s t r u c t u r e s  

- Expected lowering of t h e  groundwater l e v e l  

- Limita t ion  o f  t h e  a f f e c t e d  a rea  

- Expected e f f e c t s  on t h e  water balance o f  t h e  t e r r i t o r y  
(e.g. ,  change of  t h e  stream flow by i n f i l t r a t i o n  o r  
d ischarge)  

- Regional c h a r a c t e r i z a t i o n  of  groundwater rise a f t e r  
c l o s i n g  down of  mines, e s p e c i a l l y  t h e  p red ic t ion  of  
t h e  f i n a l  groundwater l e v e l  t o  be expected 

- Charac te r i za t ion  of t h e  f i l l i n g  of  l a k e s  i n  worked-out 
mines, e s p e c i a l l y  with regard  t o  the f i n a l  l e v e l  o f  t h e  
open water  s u r f a c e s  

- I n t e r a c t i o n  between lowering and r i s i n g  zones 

- Poss ib le  damages, e .g . ,  i n  water supply,  a g r i c u l t u r e ,  and 
f o r r e s t i n g .  



MODELLING - TECHNIQUES, ORGANIZATION, AND RESULTS 

Taking i n t o  account t h e  complexity and t h e  long-term e f f e c t s  
of  t h e  problems mentioned above, t h e  need f o r  appropr ia t e  i n v e s t i -  
g a t i v e  techniques becomes evident .  I n  o r d e r  t o  opt imize t h e  de- 
c i s i o n  making process  wi th  r e s p e c t  t o  t h e  requi red  c o n t r o l  mea- 
s u r e s ,  including necessary c o s t s ,  such techniques must be capable 
of s imula t ing  a l l  s u b s t a n t i a l  impacts on the groundwater resources 
r e s u l t i n g  from a given coa l  development pol icy .  Above a l l ,  t h i s  
r equ i res  a s u f f i c i e n t  cons idera t ion  n o t  only of admin i s t r a t ive  
measures, b u t  a l s o  of changing po l i cy  elements stemming from new 
developments i n  technology and economics. 

Because t h e  very slow groundwater flow processes  r e a c t  t o  
e x t e r n a l  in f luences  only  wi th  s t rong  damping and phase s h i f t i n g ,  
a l l  impacts and r e s u l t i n g  c o n t r o l  measures should be determined 
f o r  a long-range time period.  Therefore,  before  in t roducing  man- 
made changes t o  the flow process ,  one should s e l e c t  those  i n t e r -  
fe rences  considered t o  be t echno log ica l ly  and economically f e a s i b l e ,  
s imula te  t h e  dynamical flow processes ,  and examine t h e  consequences 
of t h e s e  i n t e r f e r e n c e s  on t h e  s imulat ion model. Then, one can 
choose among t h e  mos t  favorable  v a r i a n t s  f o r  p r a c t i c a l  app l i ca t ion .  

The h ighes t  e f f i c i e n c y  i n  using t h i s  kind of  determinat ion 
of c o n t r o l  measures w i l l  be gained when a c q u i s i t i o n  of  informa- 
t i o n ,  information processing,  and implementation o f  t h e  de te r -  
mined c o n t r o l  measures i n  p r a c t i c e  form a feedback system which 
is cons tan t ly  improved i n  t h e  course of  i ts use by adapt ing and 
l ea rn ing .  I n  t h i s  connection, p a r a l l e l  with t h e  process  t o  be 
c o n t r o l l e d ,  so-cal led cont inuously working models (CWM) w i l l  run 
t h e  subsystem information processing.  

I n  p r a c t i c i a l  terms, such an a q u i f e r  model encompasses two 
main p a r t s  - a numerical s imula t ion  model f o r  information process- 
ing and a s p e c i a l  d a t a  bank f o r  information s t o r i n g .  With only  
one model, it i s  impossible t o  s imula te  the reg iona l  groundwater 
flow, and a t  t h e  same time t o  d e r i v e  d e t a i l e d  c o n t r o l  s t r a t e g i e s  
f o r  s p e c i f i c  con t ro l  devices ,  e.g.,  f o r  t h e  opt imal  opera t ion  of 
a s i n g l e  w e l l  and its pump. Therefore,  a g r e a t  d e a l  o f  e f f o r t  
has been expended t o  b u i l d  up a h i e r a r c h i c a l  system of  a q u i f e r  
models a s  depic ted  i n  Figure 5 .  

The reg iona l  model i s  ranked a s  f i r s t  i n  t h i s  h ierarchy.  
Regional models g e n e r a l l y  se rve  f o r  ana lys ing  and p r e d i c t i n g  
t h e  r eg iona l  groundwater flow. The a i m  i s  t o  e v a l u a t e  t h e  
groundwater resources a s  they a f f e c t  and are a f f e c t e d  by d i f f e r e n t  
coa l  development s t r a t e g i e s ,  and thus ,  t o  provide a b a s i s  f o r  
long-term planning i n  t h e  coa l  indus t ry  as w e l l  as i n  t h e  f i e l d  
of environmental p r o t e c t i o n .  Furthermore, t h i s  modelling l e v e l  
se rves  f o r  spec i fy ing  boundary condi t ions  and c o n s t r a i n t s  f o r  t h e  
models succeeding t h e  r eg iona l  model i n  t h e  h ierarchy.  

Due t o  t h e  r eg iona l  c h a r a c t e r  of t h e  flow process ,  a non- 
s teady,  two-dimensional s imula t ion  model is usua l ly  used. For 
i t s  e f f i c i e n t  opera t ion ,  l a r g e  computer f a c i l i t i e s  and a wel l  
organized d a t a  bank a r e  needed. The model should be run every 
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two t o  f i v e  years ,  and i n  t h e  meantime, t h e  updating of t h e  da ta  
base is  t h e  most important t a s k .  

The second type of model i n  t h e  h ierarchy is  t h e  s t r i p  mine 
model dea l ing  wi th  t h e  l o c a l  s t r i p  mine a r e a  i t s e l f ,  i nc lud ing  
a l l  c o n t r o l  elements f o r  dra inage  opera t ions .  This model aims 
t o  s imula te  t h e  l o c a l  groundwater flow a s  a b a s i s  f o r  short- term 
planning. I n  most c a s e s  a two-dimensional s imula t ion ,  such a s  
t h a t  mentioned above, i s  used. I f  t h e  groundwater flow can be 
modelled by using s p a t i a l  and temporal cons tan t  stream tubes ,  
a one-dimensional s imula t ion  is  s u f f i c i e n t .  I n  any case ,  a more 
d e t a i l e d  s t r u c t u r e d  d a t a  base is needed than i n  t h e  case  of t h e  
r eg iona l  model. The main ou tpu t s  of t h i s  modelling l e v e l  a r e :  
t h e  p r o j e c t i o n  of t h e  c o n t r o l  s t r u c t u r e s  o f  t h e  s t r i p  mine and 
a prel iminary balance of dra inage  water and m a t e r i a l .  The s t r i p  
mine model should be run every one t o  two yea r s .  

The o p e r a t i o n a l  model i s  t h e  t h i r d  one i n  t h e  h ie ra rchy  of 
a q u i f e r  models. I ts  main concern i s  t h a t  of  t h e  annual opera t ion  
of a s t r i p  mine. In  p r i n c i p l e ,  t h e  same d a t a  base  and models a s  
f o r  t h e  s t r i p  mine model can be used, bu t  f o r  p r a c t i c a l  reasons ,  
one-dimensional modelling i s  o f t e n  p re fe r red .  This  l e v e l  of  
modelling aims n o t  only f o r  an exac t  eva lua t ion  of  t h e  opera t ion  
of t h e  dra inage  w e l l s  dur ing  t h e  whole dra inage  per iod ,  b u t  a l s o  
f o r  an eva lua t ion  o f  t h e  d ischarge  and water  levels t o  be ex- 
pected. According t o  s p e c i f i c  s t r i p  mine cond i t ions ,  t h e  opera- 
t i o n a l  model should run i n  per iods  o f  two months t o  one year .  

In  t h e  case  of  t h e  Lusa t i a  a r e a  considered i n  t h i s  paper,  
a r e g i o n a l  model has  been b u i l t  and used. Before demonstrating 
t h e  modelling r e s u l t s ,  it must be s t a t e d  t h a t  r e g i o n a l  modelling 
i s  n o t  on ly  r e l a t e d  t o  s c i e n t i f i c  and t e c h n i c a l  ques t ions ,  bu t  
a l s o  t o  a g r e a t  e x t e n t ,  t o  o rgan iza t iona l  and i n s t i t u t i o n a l  
aspects .  Only t h e  c l o s e  cooperat ion of a l l  concerned i n s t i t u t i o n s  
(e .g . ,  u n i v e r s i t i e s ,  app l i ed  research  i n s t i t u t e s  f o r  water  manage- 
ment and c o a l  development planning,  coa l  and water  a u t h o r i t i e s ,  
r eg iona l  and environmental planning committees) can ensure access  
t o  a l l  t h e  necessary d a t a ,  a s  was t h e  case  i n  Lusa t i a .  Another 
a spec t  of  such cooperat ion is  t h e  feedback of information on 
changed development concepts and ensuing modelling r e s u l t s .  

The t y p i c a l  ou tpu t  o f  t h e  r e g i o n a l  model i s  dep ic ted  i n  
Figure 6 ,  which shows t h e  groundwater l e v e l  fo recas ted  f o r  t h e  
year  2000. Such a f o r e c a s t  enables  t h e  p lanner  t o  a s s e s s ,  amons 
o t h e r  t h i n g s ,  t h e  negat ive  e f f e c t s  o f  s t k i p  mine  drainage^ on t h e  
opera t ion  of  w e l l  f i e l d s  i n  waterworks which must be c losed  i n  
some cases .  Thus, necessary investment dec i s ions  r e s u l t i n g  from 
t h i s  can be made- ahead o f  t i m e .  Furthermore, t h e  o p e r a t i o n o f  
drainage s t r u c t u r e s  o f  neighboring s t r i p  mines which a f f e c t  each 
o t h e r ,  a s  w e l l  a s  t h e  in f luence  of  f i l l i n g  rest  p i t s , c a n  be de te r -  
mined, and thus  t h e  boundary condi t ions  f o r  designing dra inage  
s t r u c t u r e s  can be assessed  i n  t h e i r  s p a t i a l  and temporal develop- 
ment. This r e s u l t s  i n  cost-saving p r o j e c t s ,  an i n c r e a s e  i n  s t r i p  
mining s e c u r i t y ,  and b e t t e r  - s i z i n g  of mining p ro tec t ion  a r e a s .  





CONCLUSIONS 

Strip mining causes specific environmental inpacts which 
have to be taken into account in coal development planning. 
Due to the complexity and the long-term effects of such impacts, 
appropriate investigative techniques are needed. Hierarchical 
groundwater modelling has proved to be a very appropriate tool 
for determining the groundwater resources as they affect and 
are affected by given coal development strategies. Thus, it 
provides a common basis for long-term planning in the coal in- 
dustry as well as in. the field of environmental protection. 
Besides scientific and technical questions with respect to the 
development of models and adequate data banks, organizational 
and institutional aspects have to be considered as important. 
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The s t u d i e s  made i n  IIASA's Energy Program have shown t h e  

p o t e n t i a l  and c o n s t r a i n t s  o f  a  f u t u r e  worlZ c o a l  market .  IIASA's 

Resources  Group i s  c o n t r i b u t i n g  t o  thes;? s t u d i e s  a  c r i t i c a l  

and independen t  e v a l u a t i o n  o f  world c o a l  r e s o u r c e s  and, by 

a p p l i c a t i o n  of  t h e  WE= (Water ,  Energy, Land, M a t e r i a l s  anL 

Manpower) method, is s t u u y i n g  the impac t s  on n a t u r a l  a,ild/or human 

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

Within t h i s  c o n t e x t  t h e  F a c i l i t y  Data Base (FDB) i s  used 

very  e x t e n s i v e l y .  I t  i s  r e l a t i v e l y  e a s y  t o  d e f i n e  s t a n d a r d  

t y p e s  o f  f a c i l i t i e s  a t  t h e  t o p  end of  t h e  c o a l  c h a i n  ( conve r s ion  

and t r a n s p o r t a t i o n )  - f o r  example, c o a l  u n i t  t r a i n s  o f  10000 t o n s ,  
3 g a s i f i c a t i o n  complexes o f  2300 m i l l i o n  m p e r  y e a r  o r  c o a l - f i r e d  

power p l a n t s  i n  t h e  600 t o  1000 M W e  r ange  - e s p e c i a l l y  when one 

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

o f  energy  i n s t a l l a t i o n s .  On t h e  o t h e r  hand,  i t  i s  p r a c t i c a l l y  

imposs ib l e  t o  r educe  t h e  g r e a t  rider of c o a l  mines ,  o p e n c a s t  

or  underground t o  a few r e p r e s e n t a t i v e  examples. 

A g r e a t  number o f  f a c t o r s  i n f l u e n c e  c o a l  mining a c t i v i t i e s :  

t h e  geology o f  t h e  d e p o s i t ,  t h e  d e g r e e  o f  m e c t a n i z a t i o n ,  t h e  

c o s t  o f  manpower, t h e  e x t r a c t i o n  t echno locy  used ... t h e s e  a r e  

o n l y  a  few examples.  

The Resources Group h a s  t h e r e f o r e  launched a  d e t a i l e d  

s t a t i s t i c a l  s t udy  of  a  g r e a t  number o f  l a r g e - s c a l e  c o a l  mines. 

The main o b j e c t i v e s  a r e  firstly t o  c o l l e c t  and second ly  t o  

a n a l y z e  i n  d e t a i l  WELMM d a t a  f o r  a  g r e a t  number o f  c o a l  mines ,  

r e p r e s e n t i n g  abou t  100 major  c o a l  b a s i n s  i n  t h e  world.  

N a t u r a l l y ,  t h e  g r e a t e s t  a t t e n t i o n  ha s  been a t t r i b u t e d  t o  t h o s e  

b a s i n s  which are c a p a b l e  o f  making a  c o n s i d s r a b l e  c o n t r i b u t i o n  

t o  a p o t e n t i a l  wcyid c o a l  marke t .  



For each b a s i n ,  r e p r e s e n t a t i v e  mines from t h e  p o i n t  of view 

of technology and geology (dep th ,  number and t h i c k n e s s  of seams, 

c o a l  q u a l i t y  e t c  ...) are s t u d i e d ,  i n  o rde r  t o  o b t a i n  a s u f f i c i e n t  

number of  mines t o  c l a s s i f y  them according t o  t h e i r  s i z e ,  t h e  

technology used,  t h e i r  WELMM requirements  and t h e  c o n d i t i o n s  of 

each bas in .  Mines i n  t h e  fol lowing c o u n t r i e s  are being s tud ied :  

A u s t r a l i a ,  A u s t r i a ,  Canada, France,  t h e  F.R.G., t h e  G . D . R . ,  Hungary, 

I n d i a ,  Poland, t h e  a e p u b l i c  o f  South Af r i ca ,  t h e  U . K . ,  ' t he  U.S.A., 

and t h e  U.S.S.R. [ I ] .  

I n  a d d i t i o n  co t h i s ,  c o a l  b a s i n s  i n  g e n e r a l  have been 

s t u d i e d  (e .g .  t h e  Lor ra ine  Basin i n  France) i n  o rde r  t o  cons ide r  

g e o l o g i c a l  c o n d i t i o n s  which may vary cons ide rab ly  even wi th in  

t h e  same bas in .  

I c  i s  obvious t h a t  t h i s  cype of approach - based on a few 

" t y p i c a l "  mines per  bas in  - a l though  r e p r e s e n t i n g  cons ide rab le  

p rogress  w i th  r e s p e c t  t o  t h e  methodology developed i n  t n e  United 

s t a t e s  (e.g . t h e  Bechtel  Corporation,  where t h e  whole modelling 

e f f o r t  of t h e  c o a l  mining a c t i v i t i e s  i n  t h e i r  Energy Supply 

Planning Model i s  based on o r ~ l y  f o u r  mines f o r  t h e  U.S . )  does 

n o t  a l low i n  a l l  c a s e s  t h e  s tudy  o f  a s p e c t s  of c o a l  e x p l o i t a t i o n  

i n  a c e r t a i n  bas in  w i th  t h e  same degree  of  accuraay. Of cou r se  

t h i s  depends on how many representative mines t h e r e  are f o r  t h e  

bas in  i n  t h e  Data Base and how much t h e  c o n d i t i o n s  vary ~ i t h i n  

t h e  b a s i n ,  A d e t a i l e d  s tudy  of t h e  relatiana between g e o l o g i c a l  

parameters and t h e  consumption of n a t u r a l  r e sou rces  i s  t h e r e f o r e  

being made. This  s tudy  i s  based on a s u f f i c i e n t l y  l a r g e  number 

of mines t o  enab le  s t a t i s t i c a l  a n d i y s i s  i n  o r d e r  t o  f i n d  

o u t  which technology (and which equipment) i s  used i n  c e r t a i n  

cond i t i ons ,  what t h e  c o s t  of  e x p l o i t a t i o n  is  - expressed i n  terms 

of natural/human r e s o u r c e s  - and t o  achieve a k e t t e r  understandinq 

o f  problems of s c a l e .  

Th i s  e f f o r t  of model l ing c o a i  = ines  has  a l r e a d y  shown 

i n t e r e s t i n g  r e s u l t s  ( e . g .  t h e  work of F luor  Ctah [ 2 ]  and t h e  

U.S. Bureau of  Mines [ 3 ]  ) i n  t h e  United S t a t e s ,  bu t  t h e i r  

examples a r e  t o o  few and a r e  t o o  count ry  s p e c i f i c  ( e . g .  t h e  

United S t aces )  t o  a l low g e o l o g i c a l  a n a l y s i s  of c o a l  j a s i n s  

on a g l o b a l  l e v e l .  



;t:..-r i , ss~i; le  h ; d l l c a t i o n s  of t h e  Coal  Mines Data Base arc? 

,.-, ~ r . 2  ~ ~ r ~ c e s s  of ;=:AS Aevelopea. The d a t a  have a l r e a d y  D e e n  

dssc c c  cxr.par? enzrgy  c h a i n s .  F u r ~ h e r  a p p l i c a t i o n s  i n c l u d e  t n c  

s t u d y  oi n i n i n g  i m p a c t s  o f  ene rgy  s c e n a r i o s  o r  t h e  impacts  of 

z i a rc je - sca ie  development  o f  c o a l  p r o d u c t i o n  i n  a  g i v e n  r e g i o n  

Ie.5. im2acts  on nanpower and l a n d )  e i t h e r  by e x t r a p o l a t i o n s  
fLa--, "L7sLe,il" sines o r  by zi more d e t a i l e d  a n a l y s i s  u s i n g  t h e  

s&rr.e i : . e t f i~ds i~c ; ;~ .  

: :--- ' - A . . c i ~ y ,  In c a r d i n i n g  t h e  d a t a  on c o a l  mines and t h e  a a t d  

r e i ; ~ i c g  t o  o t h s z  f a c i l i t i e s  of t h e  c o a l  c h a i n  ( t r a n s p o r t a t i o n ,  

c c n v e r s l z n  ..., f r o n  t h e  F a c i l i t y  Data B a s e ,  t h e  WELMM impact  

cf a i a r g e - s c a l e  development o f  t h e  world c o a l  market  can  be  s t u a i w .  

>lZTZO2GLGZY AN3 STATUS OF THE STUDY 

3 a t a  arE o b t a i n e d  from t h e  review o f  l i t e r a t u r e  (Environment-a1 

Impact S ~ a t e m e n t s  a r e  of  e s p e c i a l  i n t e r e s t )  and f o r  t h e  purpose  

of  d a t a  c o l l e c t i o n ,  a  q u e s t i o n n a i r e  h a s  been developed a t  IIASA 

i n  c o c 2 e r a t i o n  w i t h  c o a l  e x p e r t s .  The q u e s t i o n n a i r e  c o n s i s t s  

of about 1 6 0  q u e s t i o n s ,  h a l f  o f  which c h a r a c t e r i z e  t h e  mines  anu 

t n e  ~ e o l o g i c a l  conc i i t ions .  These q u e s t i o n s  cor respond  t o  t h e  

pa ramete r s  l i s i e d  i n  t h e  Appendix where an example o f  a  mine 1s 

p r e s e n t e d .  Sonre 30 q u e s t i o n s  f o l l o w  r e g a r d i n g  t h e  WELMM requi . re-  

n e n t s  f o r  t h e  c o n s t r u c t i o n  o f  t h e  mine ( i n c l u d i n g  c o s t  d a t a )  and 

f i n a i l y  t i , e r e  a r e  a b o u t  50 q u e s t i o n s  r e g a r d i n g  t h e  r e s o u r c e  

requ i remenrs  f o r  o p e r a t i o n .  The s t a t u s  o f  t h e  s u r v e y  i s  resumed 

ir, ? iquze  .i . 

A i i  d a ~ a  In tile d a t a  b a s e  a r e  s t o r e d  i n  t h e  s a m e  o r d e r  a s  

t n e  q u e s t i o n s  i n  t h e  q u e s t i o n n a i r e .  I n  a d d i t i o n  t h e  d a t a  base  

is o rgan ized  i n  a v e r y  f l e x i b l e  way s o  t h a t  t h e  number o f  

pa ramete r s  can be e a s i l y  i n c r e a s e d .  L ike  t h e  F a c i l i t y  Data  

Base, IIASA1s Resources  Data  Base u s e s  t h e  INGRES i n t e r a c t i v e  

c a t u r a ;  i a n g ~ a g e  sysrem. W e  a r e  c u r r e n t l y  a l s o  implementing a 

? , i e r a r c h i c a l  TREE s t r u c t u r e  (developed by S. Medow) on t h e  c o a l  

nine d a t a  which m d l  be i n t e r a c t i v e l y  a c c e s s e d .  In fo rmat ion  w i l l  

be s t o r e d  a t  e a c h  node of  r h e  b ranches  o f  t h e  TREE and connec t io l l s  

t c  t h e  5 z o g r a p n i c s l  Resource Data Base ( w i t h  more -de ta i l ed  

; . for r ,a t io i i  a c  e a v i r o n m e n t a l  c h a r a c t e r i s t i c s )  can  be  made. 



FIGURE 1. STATUS OF COAL MINES STUDY. 

Data coilected and analyzed 

65 MINES IN : AUSTRALIA (5) 
AUSTRIA (3) 
FRG (1 
UK (2) 
USA (33) 
USSR (21 

GENERAL CHARACTERISTICS : 80 80% COMPLETE 

WELMM REQUIREMENTS FOR : 31 20% COMPLETE 
CONSTRUCTlON 

* WELMM REQillREMENTS FOR : 51 60% COMPLETE 
OPERATION 

162 60% AVERAGE 



Table  1 p r e s e n t s  a  l i s t  of r i n e s  f o r  w?:ich aatd have s l r e ~ d y  

been computerized, showing t h e  count ry ,  zegion an2 Sas in  ir. which 

t h e  mine is  s i t u a t e d ;  t h e  name of  t h e  mine ( " h y p o t h e t i c a l "  r e f e r s  

t o  mines de f ined  f o r  t echno log ica l  and g e o l o g i c a l  cond i t i ons  

n o t  n e c e s s a r i l y  l i n k e d  t o  a  r e a l  bas in  - "Model" i n d i c a t e s  

t h a t  t h e  mine has  been modelled according t c  t h e  p r e c i s e  

t echno log ica l  and geographica l  cond i t i ons  of a g lven b a s l n ) .  
. .- - t h e  technology used and f i n a l l y  t h e  anr.ual c ~ ~ ~ a c i t y  i n  n ; ~ - - . ~ , - ~  

of  t o n s .  Appendix 1 shows d a t a  for one o? une rcines stcrec? ir, 

t h e  3 a t a  Base. 

EXAMPLE OF APPLICATION . 
A s  a l r eady  mentioned, t h e  d a t a  s t o r e d  i f i  t r-e Zoal  Mines 

Data Base (CMDB) have a l r eady  been u s e d i n  a n t l y z i n g  t h e  ex t r ac t io r .  
p a r t  of  c o a l  energy cha ins .  

Other  examples o f  a p p l i c a t i o n  i n  t h e  s tudy  c o n s i s t  of 

c o r r e l a t i o n s  between geological/technological parameters and 

t h e  consumption o f  n a t u r a l  r e s o u r c e s .  Th i s  s tudy a l lows a  

b e t t e r  assessment o f  which n a t u r a l  and human r e sou rces  nave 

t o  be mobi l ized in  o r d e r  t o  e x t r a c t  c o a l  under given cond i t i ons  

and t o  o b t a i n  a  f i r s t  e v a l u a t i o n  of  t h e  impaccs of development 

of a  c o a l  f i e l d  when d e t a i l e d  p r o j e c t  s t u d i e s  a r e  no t  y e t  

a v a i l a b l e .  Th i s  a n a l y s i s  covers  t h e  fol lowlcg a s s e c t s :  

Re la t ions  between e x t r a c t i o n  technology and cc.al 

r e sou rces  and r e s e r v e s .  
Eva lua t ion  of technology w i t h  t ime ,  a s  r s f l e c c e d  iri 

p r o d u c t i v i t y ,  s i z e  o f  mines . . . 
Consumption of  n a t u r a l  r e s o u r c e s  (WEL,w4! f o r  c o a l  

e x p l o i t a t i o n  (F igu re  2 )  

a Re la t ions  between geological/technologica.L par;rneter:i 
and t h e  , cos t s  o f  investment  and  o p e r a t i c n .  

In  conc lus ion ,  t h e  Data Bank f c r  Coal M i i l s s  be~: lg  d ~ ~ e l o p e d  
a t  IIASA can a l s o  s e r v e  o u t s i d e  u s z r a  and this could be a,l 

i n c e n t i v e  t o  compare t h e  d a t a  and t n e  r e s u l t s  w i t h  i-.acional 

s t u d i e s .  



TABLE 1: MIiJES FOR WHICH DATA HAVE ALREADY BEEN 

COMPUTERIZED 

I c ' uu l~ t r  y  I r e j ~ o ~ i  
I - - - - - - - - - _ - - - - - - .. - - - - - - - - - - - . 
l a u 3 t r d l i o  l e a s t e r n  
laustrb11,i l e a s t e r ~ ~  
l a u s t r a l  l a  l e a s t e r n  
I a u s t r a l l ~  I sou t  he rn  
I a u s t r a l l s  I nou the rn  
l a u s t r  iir l w s s t e r n  
l a u s t r  i s  J v e s t e r n  
I au f i t r  l a  l r e s t e r n  a t y r i a  
lyernar iy west I r h e ~ n l a n d  
l u n r t e d  k l n q d o r  l a i d l a n d s  
l u n ~ t + J  k  ~ngdom ( y o r k s h i r e  
l u n i t e d  s t a t * s  I 
l u n r t v d  s t a t e s  I 
I u n r t ~ d  S ta tes  I 
l u n r t e d  s t a t e s  I 
l u n i t c d  a t a t a s  I 
l u n i  e d  a l a t e a  I 
IUIII ed s t a t e s  1 
I un lE d  s t a t e s  I 
l u n i  d s t a t e s  t e a s t e r n  
l u n i t e d  s t a t e s  I e a s t e r n  
l u n ~ t e d  s t a t e s  l e a a t e r n .  
1 u r ~ l t r d  s t a t e s  l e d s t e r n  
l u n i t e d  s t a t e s  l e d s t e r n  
l u n i t c d  s t a t e s  l eas teen  - .  

I l ~ n i t e d  state. I e a s t e r n  
l u n ~ t e d  s t a t e s  ( i n t e r i o r  
l u n i t e d  s t a t e s  (wes te rn  
I u n l t e J  s t a t e s  I v e s t e r n  
l u n l t d  s t a t e s  I w e s t e r n  
l u n ~ t e d  s t a t e s  (wes te rn  
l u n l t e d  s t a t e s  Juea te rn  
l u n l t a ?  a t a t a s  I r e s t e r n  
l u n i t u d  s t a t e s  I r e s t e r n .  
l u n l t e d  s t a t e s  Iwes te rn  
l u r ~ r t u d  s t a t e s  I r e s t e r n  
l u n i t e d  n t r t e n  I w o s t c r n  
l u n r t r d  s t a t e s  I v u s t e r n  
l u n ~ t e d  s t a t e s  J u r s t e r n  
l u l ~ l t o n  a t a t r s  l r r r t e r n  
I u n ~ t w l  n l a t n s  I r u s t r r n  
u 1 1 1  t t e s  l r o s t e r  n  
I UIII~UI~ s t s r e s  I r e s t e r n  
111111tufl 3Llr t .e~ I r e n t r r ~ ~  
I119sr I a s l s n  
l d s ~ r  l an i a11 
l ussr Ias$irn 
l user l a a ~ a n  
l ussr  l o s ~ a n  
l ussr l a s ~ a n  
I uogr I n s l a n  
I lJ'J5r I a s ~ ~ n  
I u ~ i ~ r  l d s l d n  
I U l i S I  Ia51a11 
l u r a ~  I a: L J ~  
l ussr l o s ~ ~ n  
I ussr  I c u ~ u ~ ~ ? ~ I I  
I uasr leuropean 
I  umsr Ieuruuean 
I usar I r u r  upcan 
l usnr Jwurb+can 
I u*ar l r u r  J ~ J ~ J I ~  

I unm r  Ieur  >,>ran 
lunar l cu ropcsn  
l ussr. leurupedn 
( - - - - - _ - - - - - _ - - - - - - - - - - - - - - - - - - -  

l l i a s ~ n  .-- ----- --------- - 
I huue:i 
1 b o k e i ~  
I tuwnn 
I : , lc?sland 
I sy,lr~ey 
1 ~ ~ U S I U C ~  

I hausruck 
I v o i  t s t e r y - k o e f  l a c h  
I 
l n o r t h  d e r b y s h i r e  
I n o r t h e r t l  y o r k s h i r e  
I 
I 
I 
1 
I 
I  
I 
I 
I 
l a p g a l a c h i a n  
l a p p a l a c h i d n  
I i l l r n o i s  
l r l l i n o i s  
l t e x a s  9 u l f  
l uee t  kentucky  
I 
I 
l q r e e n  r i v e r  
i r l o r t h  ,g reat  p l a l n s  
I n o r t h  q r e a t  p l a l n s  
IpoweJrr r i v e r  
I p o r d c r  r l v e r  
I powde r r i v e r  
I powder r  l v e r  
I ww,.i*r r l v e r  
f p o r d e r  r  i v e r  
l y u r l e r  r i v e r  
I po*.!er r  r v e r  
I pow jc r  r  l v e r  
Ipow,Jrr r i v e r  
I san  ) ~ t a ~ ~ i ~ l e r  incxlcu) 
I san  j u a n  4 co rne rs  
I uyun:lll,J 
Ikazaks kdragdnt l insky 
I  kazaks I rd r ryand~lbsky  
l kazaks kar i lyatrdinsky 
l k a r b k s  k&r i ryJl id l1 i0ky 
IkdZdk~t .311 a k l t a r . r l ~ s  
I ~ U S S I ~  kansk ach lnsk  
I r u - . s l a  rushas 
I r u s - 1 4  ~ u r t d s  
I r u ? f i u  quxhun 
I  I tI,.C 1 > \u?I..~S 
I r  u,;,;~,, k1171..1*: 
I r U 5 d l d  ~ u I I ' J Z  

l r t ~ ; ! : . ~  dunkas 
l r u s s ~ ~  ,Ionhas 
Iru.?s14 i lcchur sky 
1 uL d l  lib '1~111 dl; 

l u k  r  .I 1 I,? ,!onb~.ls 
I U'. 1 'I I a n , !  ~1"nt.a:; 
I uc r ,J ioic , lu~l l lus 
l  ukra  IIIP :loriL.as 
l u z r a ~ n e  donbas ---------------------- 

;,,, ~ I ~ - L ~ I . I . : I ~  I  t ' ch l~u  l  ir 
- - - - - - - - - - - - - - - - - - - . . - - . . - - - - - - - - - - - - - - - -  

I s j r c q b r y  Isdr  f I 
I h y [ ~ u t h . r . t ~ c a :  lsur  F I 
i h y p o t h ~ t ~ c d l  I s u r  f I 
l y a l  lour11 I su rL  I 
l tahrnuur I J I V ~ : ~ ~ ; ~  1 
Iscnml t ~ L ~ r g - h l ~ i t e r s c h l d . + e n  I  ilnclzun I 
I tr  lm~nelkam lundcun I 
I o t e r d o r  f  l s u r f  I 
I f o r t u ~ ~ a  9ar::jur f I s u r  f I 
I f u r n a c e  h i l l o c ?  l s u r  f I 
I s e l b y  It lndcon I 
I h y v o t t ~ e t i c i r l  l u n d c o ~ i  I 
l h y p o t h e t l c a l  lundcon I 
I hypo tho t  ~ c a l  l undco r~  I 
l h y p o t h e t i c a l  lu l ldcon I 
l hypo ths t  l c a l  l ulldcoli I 
l h y r o t h e t l c a l  l u l ~ d c o n  I 
I h y p o t l ~ c t i c a l  lundcon I 
l h y y o t h o t l c a l  lundcon I 
lhypo the t  i c a l  t w r f  I 
Imo,Jel f j u o r  u t a h  l s u r L  I 
lmodsl  f l u o r  u t a h  I s u r f  I 
Imo'irl h e c h t e l  s r i  I s u r f  I 
I r o 4 e l  f l u o r  u t a h  I s u r f  I 
lmodel f l u o r  u t a h  IsurC I 
Imo.le1 b e c h t e l  s r i  lundcun I 
lhypo the t  i c a l  l s u r f  I 
I h y p o t h e t i c a l  l s u r f  I 
Imudel f l u o r  ucah l s u r f  I 
l h y p o t h e t i c a l  I s u r f  I 
l r o d e l  f l u o r  u t a h  l s u r f  I 
1 absa laka l s u r f  I 
I c a t a l l o  l s u r f  I 
l c u a l  c reek l s u r f  I 
I co r t l e ro  [ s u r f  I 
l e a g l c  b u t t e  l s u r L  I 
lcae t tlecker l s u r f  I 
l e a s t  q i l e t t e  l s u r f  I 
l m o l o l  f l u o r  u t a t ~  l s u r f  I 
111ur t h  e x t e n t  LCIII I s u r t  I 
l p r u n ~ h o r n  l s u r f  1 
l u l  paso consu l  ( s u r f  I 
I a ~ o d e l  f l o u r  11t4h l n u r f  I 
I l lode1 I . r . c h t ~ 1  sr i l sur f I 
Igbrt . .~tshov l UIUICI>II 1 
\ t ~ z a k s t ~ n s k ~ , ' ~  l u n t j s u ~ ~  I 
I kubtc.1140 l u t ~ d c ~ i n  I 
I 1rt1il11 l u ~ i d c o r ~  I 
I hy i ' o t t i c t r cn l  IsurC I 
l h y o o t h r t i c a l  I s u r f  I 
Ihy( ,o thet  r c i l  I 5 u r f  I 
II*y!,utht.t 1c.11 Isarr f  I 
I k d r a  I:I~ I I I IC~  I.I.A lun*Jcun I 
I1111~11 I I I J~  J V L  1 l l l l ~ ~ ~ ~ 1 1  1 
I flu.,. 3 ju! I I a. y 1 , ., I ~t tb lhy 1 1 
I z l r  yaacl,n.+y.i iun.t'ly:l I 
I 'J' l ~ t  l'/.l U C :  , J1'l !~l l ' . I~cl l l  1 
I~!uLovs+. J ~ J  l  untlcrrl~ I 
I i t l t l n s k a y a  I un . l i u :~  I  
I .II.:1cu~lluf f I U I l  IC.111 I 
I l l y  1utt-.2t 1CdI I L I I I ~ C ~ I I  I 
I  k.1 L~.,I*L,.>I 86:a!v:-p , )  f , ,  ., I UII I~UII  i 
IllLIVuo,Jvl " V . 3 k  8V.l I d l l ~ I ~ ~ i l  I 
I I IUSI~~ zc.ia~i~>vn,. . , , t d  luna!i.un I 
I r o 7 s i v o  1 U~UIC~III 1 .------ - - - - - - - - - - - - .  . .- . . . .- .--------- 



RELATION BETWEEN SEAM-THICKNESS AND MINED AREA 

MINED AREA PER lo6 t 
OF COAL PRODUCED 

r 1 - OHIO (FLUOR) 

2 - ILLINOIS (FLUOR) 

3 - WESTERN SOUTH (HITMAN) 

4 - T E X A S  GULF (FLUOH) 

5 - W. VIRGINIA (FLUOR) 

6 - N. DAKOTA (FLUOR) 
US . ,7 - FOUR CORNERS (FLUOR) 

8 - EL PASO, WYOMING 

9 - NORTHERN GR. PL. (USBM) 

10 -WESTERN (BECHTEL) 
11 - GREEN RIVER (FLUOR) 
12  - POWDER RIVER (FLUOR) 

1 3  - CORDERO, WYOMING 
14 - RAWHIDE, WYOMING 

F RG 15 - GARSDORF 

USSR { 76 - KANSK-ACHINSK 

17 - EKIBASTRUZ 

I n t u n t  I lLnL 
CURVE 17 

10 50 100 150 m 

AVERAGE COAL SEAM THICKNESS 
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APPESDIX 

EXAMPLE OF COAL MINE I N  THE I I A S A  COAL MINES DATA BASE (CMDB) 

: o ~ n z r y  reg l o h  b a s i n  rn~nenane  mcode -__-----_-_--_------------------------------------------------------------------------- 
buser  :A . ~ s e e r >  s c y r i a  .oi :scerq-<cef:3ck o c e r d c r f  ;!4:IiE849 

pr ;cesn . 
rype ~ f  :es?aoloqy 
daca  s r  .s;: 
r e f e r e n c e  year  of d a c a  
cocr ;  3uz;er s f  Zoai  S i d s S  

i n c l ~ a i n q  l a m s  :o be a l n e l  o u r  
i e a c 8  i-?posed t o  w ;rained o u t  i n  r e f  y e a r  
l o d e r  tn:cknesa of c o a l  s e a n s  
~ v e r a j e  a s h  c o n t e n t  o f  seams mixed o u c  
a v e r a j e  c k i c 6 n e s s  of  c o a l  seams m re: y e a r  
coca: n i c i n q  s e a a s  thlC6GeSS 
c v e r t a r 5 r n  co coa: r a c l o  
J i ?  of ;oa i  i a a s s  In  3eqCe.S 
~ n r r l m a a  :e?c5 of o1nir.q rn  r e f  year  
tar31:ai :a?ca of a l n l n q  
5rchar .a  e a a a a c l o n  
c c c c o n i c  j i3 :~rc :ons  d e s c r i p c l o n  
:oal dens::y In S L C U  
r ack ( o v e r a u r d e n l  d e n s i c y  
a e c e s s l c y  s f  rock  e x p A s s i o n l o n l y  s a r f )  
nece5s:cy sf :oeA r x p l o s l o n  [ o n l y  s u r f  I 
s u r f a c =  .anascape 
averaqa  ; i n ~ a r y  cem2eracure 
r v e r a j s - ; ; : ;  zomprraccre  
: a n j e  a: annua l  ? r e c i a i c a t l O n - s l n l m u m  
ranqe of m n u a l  a r e c  ~ p l t a c l o n - m a r  mum 
range ~f ground treez~nq-minimum 
ranqe af ; rsund f r e e z ~ n q - u ~ a x i n ~ m  
a v e r a q e  d a ~ c n  of ground f r e e z i n q  
d r q r e e  of ~ n d u s t r i a l  j eve lopemcnt  o t  t h e  r e q i o n  
:on¶ d ~ s c a n c e  t r a n s p o r c a t l o n  ; o s s l b i l i c i e s  
t o c r l  ramainrnq q e o l o q i c a l  r e s o u r c e 8  In  r e f  y e a r  
escn .  ~ n d  cachn. r e c c v e r a o l e  r e s e r v e s  i n  r e f  yea  
recovery  r a c e  
g r a d e  sf c o a l  
r r n q c  s f  = i s c u r e  c o n t e n t  o f  coa l -min  
range of .m:scure c o n c e n t  o f  coal-ma. 
overaqw m o i s t u r e  conccnr  of  c o a l  
r anqc  ~f ash c o n c e n t  o t  cod;-rn~n 
r m q e  a t  a s h  C O ~ C O ~ L  of  cca i -mar  
r v r r r q r  a r n  Conernc of d r y  c o a l  
s l n  c a l o r i c  c o n r e n r  of c o a l  
mar ca1or:c  concenc  o t  c o a l  
rvg i a 1 o r : c  concenc  of c a d i  ( a s n  and  m o l s t u r a  f r  
r n n u r l  ;ApaClCy 
: o n s t r u c t  l a n  d , ~ r  a t   on 
?6r10d o t  : n ; c i a l  i n c r e a s i n g  a l n e  oucpuc  
t o c a l  :l:zclme af :he n i n a  
year  a i  x t q l n n i n q  o t  e x p l o i c a c i o n  
c a a l  aucpuc i n  r e t  year  
r.uuaoer s f  o p r r a r i n q  Caces 
overage oucpuc from a f a c e  
number of uork inq  days  w.r y e a r : c o a l  winn lnq  
nJm0i.r of dork:nq day8 w r  y e a r :  o v e r a u r d e n  movi 
n u m e r  .,i worming s h i f c s  pe r  dau:c.&i; wlnn inq  
n u m e r  cf u c r r i n q  s n i f c s  pe r  day f o r  o v e r o u r 5 e n  
syscem sf  sram o p e n i n q i ~ n a e r q r o u n d  3 i n i n q )  
? o s i e r o n  s f  s a r a  s h a f c s  
n u m e r  5f >&in  s n a f c s  
method af a i n i n q  

reqbedd 
1.275 
1.350 
no 
na 
nmEoqo 
- 1 . a a l  

' 5  - & - 1 
3.300 
a . 3 3 a  
a. ;roo 
devdo 
e x l o c  
Il.?oa 
i d .  308 
8 .988  
brown 
26.090 
:a. a a e  
j2.245 
20.  a00 
17 .888  
3 1 . 4 3 1 1  
: 9 9 5  
2 r a ~  
2505 
1.25J 
6.205 

m i n i n q ~ p r e p a r a t l o n  
s c r  f a c e  
pro:ecced t o r  a  c e r c a l n  t ~ a l d  
year  
numoer se ins 
n-nor r  J F  seams 
n i i m e r  o t  seams 
a e c e r s  
p e r c e n t  
m e t e r s  
inecers  
33 ?rr  z e c r i c  con 
f .a:  i z i 1  seams 
mrcers  
- S e e r s  
zi per  n e t r l c  con d a i l y  o d t p u c  
r e q u l a r  bcdd inq  
m e t r l c  cons  pe r  m3 
m e t r i c  cons  ? e r  .n; 
no 
no 
h::ly mouncaln f o r e s t  g r a z i n q  a q r ~ c u l t ~ r  
z r ~ ~ e  : e l s ~ d s  
4ra. ie  c e l s ~ u s  
a i l l r m e c e r s  
rn l iAlmcte rs  
~ n e c e r s  
n e c e r s  
9 e c c r S  
deve loppad  i n d u s t r y  g r e a t  population l e n  
a x i a c r n q  t r o n 8 p o r c a c i o n  f a c i l ~ c i e s  bdr c  
l a e 6  n e c r l c  t o n s  
: e e ~  m e c r i c  cons  
r a z i o  r e s o u r c e s  i n  g r o u n d / r e s e r v e s  
brown c o a l  
p e r c e n t  
p e r c e n t  
e r C 1 r . t  
F e r c e n t  
pe tcune  
p e r c a n e  
r c a l  pe r  kq 
< c d i  pe r  &q 
,L-- p e r  kq 
: d c a  a e c r i c  con8 
y e a r s  
y e a r s  
y e a r s  
:/Gar 
:>eft m e c r i c  cons  
numoer of s p a r a c i n g  f a c e r  
m e t r i c  cons  p e r  d a y  
nurnoer of d a y s  p e r  y e a r  
r.urnDer a t  d ~ v s  per  y e a r  
n u s a e r  p e r  3ay 
' I r3 lOCC p e r  day  
c n i s  l a  a s u r f a c e  n l n e !  
t h i s  is a s u r f a c e  mlnel  
nuaoer  ~f n a l n  s n a f c s  
s c r l p p i n q  w i t 3  o i c k e c  u q e e l  e r c a v r c o r  

N.B. : Values of -I/-1.000 corres~ond to data not available 
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P a p e r  p r e s e n t e d  a t :  
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6-9  N o v e n b e r ,  1 5 7 =  

SI!!ULATIGN O F  SHORT AND LONG-PANGE D I Z P E R S I O N  OF 
S U L P H U R  C C P F C U N D S  

t Y 
E. R u n c a  

IBM I t a l i a  S c i e n t i f i c  C e n t e r s  
Via D e l  G i o r g i o n e  129,  E o a a  

I t a l y  

R e c e n t  e s t i m a t e s  of t h e  s u l p h u r  g l o b a l  b u d g e t  ( G r a n s t  e t  
a 1 . 1 9 7 6 )  i n d i c a t e  t h a t  t h e  t o t a l  s u l p h u r  r e l e a s e d  i n  t h e  
a t m o s p h e r e  is a p p r o x i m a t e l y  1(;7 t o n s / y e a r .  S i x t y  f i v e  p e r  
c e n t  is  d u e  t o  a n t h r o p o q e n i c  s o u r c e s ,  t h e  r e m a i n d e r  t o  
k i o g e n i c  s o u r c e s .  A p p r o x i m a t e l p  n i n e t y  f i v e  p e r  cent  of t h e  
a n t h r o p o q e n i c  s u l p h u r  is e m i t t e d  a s  s u l p h u r  d i o x i d e .  S i n c e  
m o s t  (-94% ) of t h e  man m a d e  s u l p h u r  o r i g i n a t e s  from t h e  
i n d u s t r i a l  a n d  u r t a n  a r e a s  o f  t h e  N o r t h e r n  H e m i s p h e r e ,  f o c u s  
i s  m a i n l y  p u t  o n  l o c a l  a n d  r e g i o n a l - c c n t i n e n t a l  a s p e c t s  o f  
s u l ~ h u r  p o l l u t i o n .  G l o b a l  effects  m i g h t .  t e  a l s o  i m p o r t a n t ,  
h o w e v e r , s o  f a r ,  n o t  t o o  much a t t e n t i c n  h a s  b e e n  p a i d  t o  
t h e m .  

S i m u l a t i o n  o f  s u l p h u r  d i s p e r s i o n  i s  a c h i e v e d  b o t h  b y  
d e t e r m i n i ~ t i c  a n d  . s t o c h a s t i c s  m a t h e m a t i c a l  m o d e l s .  T h e  
d e t e r m i n i s t i c  a p p r o a c h  c a n  b e  e i t h e r  L a q r a n g i a n  o r  E u l e r i a n  
( s e e ,  e .  g. , C s a  n a d  y , 1973) . 

T h e  L a q r a n q i a n  m o d e l  c o m p u t e s  t h e  c c n c e n t r a t i c n  ( e n s e m b l e  
a v e r a g e )  a s  t h e  p r o k a b i l i t y  t h a t  a p o l l u t a n t   article u i l l  
b e  a t  ~ o i n t  x a t  time t. I t  h a s  t h e  g e n e r a l  form: 

L 

w h e r e  C  is t h e  c o n c e n t r a t i o n ,  S t h e  s o u r c e ,  p ( g . t ( L . 7  ) t h e  
t r a n s i t i o n  p r o b a b i l i t y  d e n s i t y  t h a t  a p a r t i c l e  a t  
F o i n t J  a t  u i l l  b e  a t   at t. T h e  a p p l i c a t i o n  of t h e ;  
~ a g r a n i i a n  m o d e l  r e q u i r e s  t h e  d e f  i n i t i c n  c f  t h e  t r a n s i t i o n  
~ r o b a k i l i t y  d e n s i t y .  A s s u m i n g  t h e  t u r k u l e n c e  h o m o q ~ n e o u s  a n d  
s t a t i o n a r y  t h e  t r a n s i t i o n  p r o b a b i l i t y  d e n s i t y  c a n  be  
e x p r e s s e d  b y  a G a u s s i a n  f u n c t i o n .  P . c c o r d i n g l y  m o d e l s  k a s e d  
o n  t h i s  a p p r o x i m a t i o n  a r e  n a m e d  G a u s s i a n .  Due t o  t h e  
l i m i t i n g  a s s u m p t i o n s  o n  w h i c h  G a u s s i a n  m o d e l s  a r e  k a s e d ,  



t h e y  a r e  g e n e r a l l y  a p p l i e d  t o  t h e  c o m ~ u t a t i c n  cf l o n g - t e r n  
a v e r a g e  ( s e a s o r a l ,  a n n u a l )  c o n c e n t r a t i o n  (see, e .  u . ,  r u n c a  
e t  a l . ,  1 9 7 6 ) .  i l o w e v e r , t h e r e  is some e x a ~ ~ l e  cf a ~ ~ l i c a t i o n  
o f  t h e s e  m c d e l s  t o  s i m u l a t i o n  o f  s h o r t -  t e r ~  ( h c u r l y  , d a i l y )  
c o n c e n t r a t i o n  (see,  e .  g . ,  S h i e h  e t  a l . ,  1 9 7 2 )  . A p p l i c d t i o n  
o f  e q u a t i o n  (1) w i t h  d i r e c t  e v a l u a t i c n  of t h e  t r a n s i t i o n  
p r o b a k i l i t y  d e n s i t y  f r o n  t h e  t u r b u l e n t  f l o w  iy n a m i c s  h a s  
b e e n  a l s o  d o n e  (see, e. g . ,  Lamb,  1 5 7 8 )  . 

T h e  E u l e r i a n  m o d e l  c o m p u t e s  t h e  t i n e  v a r i a t i o n  o f  t h e  
c o n c e n t r a t i o n  a t  a g i v e n  p o i n t  a s  t h e  c o m k i n e d  r e s u l t  o f  t h e  
f l a x e s  d u e  t o  t h e  m e a n  f l o w ,  t h e  t u r b u l e n t  m c t i c n ,  s o u r c e s  
a n d  r e m o v a l -  t r a n s f o r m a  t i o n  p r o c e s s e s .  I n  o t h e r  w o r d s ,  t h e  
E u l e r i a n  m o d e l  o r i g i n a t e s  f r o m  t h e  mass b a l a n c e  e q u a t i o n  f o r  
t h e  c o n s i d e r e d  p o l l u t a n t .  I t s  a p p l i c a t i o n  r e q u i r e s  t h e  
e v a l u a t i o n  o f  t h e  t u r b u l e n t  f l u x .  B y  a n a l c g y  w i t h  m o l e c u l a r  
d i f f u s i o n  P r a n d t l  ( s e e ,  e .  q . ,  L e s l i e ,  1973)  p r o p o s e d  t o  
c o m p u t e  t h e  t u r k u l e n t  f l u x  a s  the  ~ r c d u c t  of a n  e d d y  
d i f f  u s i c n  c o e f f i c i e n t  a n d  t h e  c o n c e n t r a t i o n  g r a d i e n t .  O t h e r  
a p p r o a c h e s  h a v e  h e e n  more r e c e n t l y  ~ r c ~ c s e d  ( L n m l e y  a n d  
K h a  j e h - N o u r i ,  1 9 7 4 ;  L e v e l l e n  a n d  T e s k e ,  1 9 7 6 :  E e r k o w i c z  a n d  
P r a h m ,  1 9 7 9 ) ,  b u t  d u e  t o  t h e o r e t i c a l  a n d  c c m ~ u t a t i o n a l  
d i f f i c u l t i e s  t h e y  a r e  n o t  y e t  o f  common  use. T h u s  m o s t  of 
t h e  E u l e r i a n  m o d e l s  are b a s e d  o n  F r a n d t l l s  t h e o r y .  T h e y  a r e  
n a m e d  g r a d i e n t  t r a n s f e r  t h e o r y  m o d e l s  ( K - a o d e l s )  a n d  t a k e  
t h e  fcrm: 

w h e r e  V is t h e  w i n d  v e c t o r ,  7 t h e  d i f f u s i v i t y  t e n s o r ,  S t h e  
s o u r c e - t e r n  a n d  R t h e  r e m o v a l - t r a n s f o r m a t i c n  term. K - m o d e l s  
are m o r e  a d e q u a t e  t h a n  G a u s s i a n  m o d e l s  t o  t r e a t  time 
d e p e n d e n t  s i t u a t i o n s  i n  w h i c h  w i n d  a n d  d i f f u s i v i t y  a r e  
s p a t i a l l y  n o t  u n i f o r m .  H o u e v e r ,  d u e  t o  ? r a n d t l l s  t h e o r y  
a s s u m p t i o n s ,  they c a n  o n l y  d e s c r i b e  v a r i a t i o n s  i n  t h e  
c o n c e n t r a t i o n  f i e l d  u h i c h  are much  l a r g e r  t h a n  t h e  t i n e  a n d  
l e n g t h  s c a l e s  . o f  t h e  a t m o s p h e r i c  t u r b u l e n c e .  A n a l y s i s  o f  
K - m o d e l s  l i m i t a t i o n s  c a n  b e  f o u n d ,  e. q . ,  i n  Lamb ( 1 9 7 3 )  a n d  
i n  C o r r s i n  (1 974 ) . 

S t o c h a s t i c  n o d e l s  d o  n o t  e s t a b l i s h  a p r i o r i  a n o d e l  
e q u a t i o n  of t h e  p r o c e s s .  R e l a t i o n s h i p  t e t u e e n  v  a r i a k l e s  
r e l e v a n t  t o  t h e  p r o c e s s  a r e  d e t e r a i n e d  b y  s t a t i s t i c a l  
a n a l y s i s  cf m e a s u r e d  d a t a .  T h e y  h a v e  t h e  follow in^ g e n e r a l  
f o r m s  : 

A u t c r e g r e s s i v e  m o d e l s  

i n  w h i c h  t h e  s t o c h a s t i c  m o d e l  S w  p r e d i c t s ,  o n  t h e  t a s i s  ~f 



t h e  c o n c e n t r a t i o n  v d l u e s  known u p  t o  t h e  time t - i ,  t h e  
4 e s t i r r a t e d  v a l u e s  C a t  t + j .  

r u l t i p l e  r e a r e s s i o n  a o d e l s  

A 
i n  which S t  p r e d i c t s  C a t  t +  j on t h e  b a s i s  cf  c o n c e n t r a t i o n ,  
m e t e c r c l c g i c a l  and e m i s s i o n  d a t a  known up t c  t - i .  

D e s c r i ~ t i c I l  o f  t h e  s t a t i s t i c a l  t e c h n i q u e s  which a l l ow  t o  
d e f i n e  SH c a n  be found ,  e. g. ,  i n  Box  and J e n k i n s ,  1970. 
E x a m ~ l e s  of a p p l i c a t i o n  of  s t o c h a s t i c  models  a r e  g i v e n ,  e. 
g . ,  by F i n z i  e t  a l . ,  1979.  

In  a d d i t i o n  t o  t h e  above  models ,  Desa lu  e t  a l . ,  1 9 7 4 ,  
p r o p c s e d  a t e c h n i q u e ,  which h a s  p roved  (Eankof f  and 
Hanzevack, 1975: Fronza  e t  a ,  1 9 7 9 )  t o  improve  t h e  
p r e d i c t i o n  of c o n c e n t r a t i o n  t e n p o r  a 1  e v o l u t i o n .  T h i s  
t e c h n i q u e  l i n k s  t o g e t h e r  s t o c h a s t i c  and  d e t e r m i n i s t i c  models  
and h a s  t h e  f o l l o w i n g  g e n e r a l  s t r u c t u r e :  

[ c ,M+E + t }  + [D~.+sM], 1 21  
t- i  k t j  

i n  which b o t h  e s t i m a t e d  and measured c o n c e n t r a t i o n  v a l u e s  a t  
time t-i a r e  u s e d  ky t h e  d e t e r n i n ' s t i c  ~ c d e l  D f l  and  t h e  
s t o c h a s t i c  cne  t o  p r e d i c t  e s t i m a t e s  6 a t  t + j .  

Some r e s u l t s  a c h i e v a h l e  by m a t h e m a t i c a l  models  a s  b e l l  a s  
some p rcb l ems  c o n n e c t e d  t o  t h e i r  a p p l i c a t i o n  a r e  d i s c u s s e d  
i n  t h e  n e x t  c h a p t e r s .  

SHORT-RA YGZ DISPERSICN 

On l o c a l  s c a l e ,  i. e. on d i s t a n c e s  o f  t h e  o r d e r  o f  lu km, 
r e m o v a l  p r o c e s s e s  a r e  n o t  r e l e v a n t  t o  t h e  c o m p u t a t i o n  of 
s u l p h u r  d i o x i d e  c o n c e n t r a t i o n  w h i c h  c o n s t i t u t e s ,  i n  t h i s  
c a s e ,  t h e  main s u l p h u r  compound. S u l ~ h n r  l c c a  1 s c a l e  
p o l l u t i c n  ~ r o b l e m s  a r i s e  m a i n l ~  f rom h igh  c o n c e n t r a t i o n  
v a l u e s  and from l a r g e  p o l l u t a n t  d e p o s i t i o n  r a t e s  t o  s o i l s ,  
v e q e t a t i c n  and  o t h e r  r e c e p t o r s . .  

Cornputat i o n  o f  c o n c e n t r a t i o n  b y  ma theaa  t i c a  1 models  
r e q u i r e s  d a t a  c n :  a )  e m i s s i o n  w i t h  s p a t i a l  r e s o l u t i o n  o f  t h e  
o r d e r  o r  1 km2; ) l o c a l  a i r  f l ow  c i r c u l a t i o n  and c) 
turbulent s t r u c t u r e  of t h e  p l a n e t a r y  boundary l a y e r .  I n  
g e n e r a l ,  e m i s s i o n  r a t e  i s  g i v e n  on y e a r l y  b a s i s ,  and l o c a l  
a i r  f l ow  a s  well a s  a t m o s p h e r i c  t u r b u l e n c e  have t o  be 
p a r a m e t r i z e d  on t h e  b a s i s  of m e t e o r o l o q i c a l  d a t a  t a k e n  a t  



g r o u n d  l e v e l .  C a t  n i n a c c u r a c i e s  a n d  a ~ p r c x i m a  t i c n s  i n  t h e  
m a t h e m a t i c a l  f o r m u l a t i o n  l i s i t  k o t h  t h e  p e r f o r m a n c e  and  t h e  
a p p l i c a b i l i t y  o f  m a t h e m a t i c a l  m o d e l s .  

The G a u s s i a n  mode l  h a s  p r o v e d ,  a s  m e n t i o n e d  i n  t h e  
i n t r o d u c t i o n ,  t o  p r o v i d e  a  s a t i s f a c t c r y  d e s c r i p t i o n  o f  
s e a s o n a l  a i r  p o l l u t i o n  p a t t e r n s .  R e s u l t s  a c h i e v e d  b y  t h i s  
m o d e l l i n g  a ~ ~ r c a c h  a p p l i e d  t o  t h e  V e n e t i a n  a r e a  (see F iq .  1 )  
a r e  s h o w n  i n  F i g s .  2 a n d  3 w h i c h  c c E F a r e  s i m u l a t e d  a n d  
m e a s u r e d  s u l p h u r  d i o x i d e  v a l u e s  a t  m o n i t o r i n g  s t a t i o n s  
l o c a t e d  b o t h  i n  u r b a n  ( P i g .  2 )  a n d  i n d u s t r i a l  ( F i g .  3) 
a r e a s .  S i m u l a t e d  v a l u e s  a r e  r e p o r t e d  f c r  t w o  d i f f e r e n t  
a p p r o x i m a t i o n s  o f  t h e  mode l  d i s p e r s i o n  p a r a m e t e r s .  P l o t s  
i n d i c a t e  t h a t  m o d i f i c a t i o n  o f  p a r a m e t e r s  g i v e n  i n  l i t e r a t u r e  
( P a s q u l l l ,  1 9 7 4 )  a c c o r d i n g  t o  t h e  c h a r a c t e r i s t i c s  of t h e  
a r e a  i m p r o v e  t h e  m o d e l  r e s u l t s .  T h i s  c o n f i r m s  t h e  need  o f  
a d e q u a t e  d a t a  f o r  m o d e l  a p p l i c a t i o n s .  

A n a l y s i s  o f  a i r  p o l l u t i o n  i n  t h e  V e n e t i a n  a r e a  s h o v s  t h e  
o c c u r r e n c e  o f  h i g h  s h o r t  l a s t i n g  e ~ i s c d e s  m a i n l y  i n  t h e  
r e g i o n  n e a r  b y  t h e  i n d u s t r i a l  a r e a .  T h e s e  e p i s o d e s  c a n  te 
c a u s e d  e i t h e r  by a  t e m p o r a r y  i n c r e a s e  o f  t h e  e m i s s i o n  o r  b y  
t h e  c c c u r r e n c e  o f  i n e t e o r o l o g i c a l  s i t u a t i o n s  v h i c h  f a v o r  
a c c u m u l a t i o n  o f  p o l l u t a n t s  c l o s e  t o  the  g r c u n d .  E m i s s i o n  a n d  
m e t e c r o l o g c a l  d a  ta n e c e s s a r y  t o  s i m u l a t e  t h e s e  e p i s o d e s  a r e  
g e n e r a l l y  n o t  c o m p l e t e .  n i x e d  m o d e l s  a r e  an a t t e m ~ t  t o  c o p e  
w i t h  b c t h  d a t a  a n d  t h e o r e t i c a l  u n c e r t a n t i e s  t y  f i l t e r i n g  t h e  
i n f o r m a t i o n  c o m i n g  f r o m  k o t h  s i m u l a t e d  a n d  m e a s u r e d  
c o n c e n t r a t i o n s .  

I m p r o v e m e n t  achievable ky t h i s  t e c h n i q u e  i s  s h c w n  i n  F i g .  
4 w h i c h  c c m F a r e s  h o u r l y  c o n c e n t r a t i o n  v a l u e s  a t  s t a t i o n  n i n e  
o f  t h e  m o n i t o r i n g  n e t w o r k  ( s e e  P i g .  1 )  w i t h  t h e  o n e s  
p r e d i c t e d  f o u r  h o u r  a h e a d  by a t h r e e  d i u e n s i o n a l  E u l e r i a n  
m o d e l  ( s o l i d  l i n e )  d e v e l o p e d  b y  Kunca e t  a l .  11973) and  a  
n i x e d  mode l  ( d a s h e d  l i n e )  d e v e l o p e d  b y  P r c n z a  e t  a l .  ( 1 9 7 9 ) .  
T h e  s i m u l a t e d  v a l u e s  mere p r e d i c t e d  a  p o s t e r i o r i ,  t h u s  t h e  
m e t e o r o l o g i c a l  d a t a  i n p a t  t o  t h e  m c d e l  were t h e  o n e s  
m e a s u r e d  a t  t h e  m o n i t o r i n g  m e t e o - s t a t i c n .  Results w i t h  
f o r e c a s t  m e t e o r o l o g i c a l  d a t a  a r e  shown  i n  P i g .  4 t y  t h e  
d a s h e d - d o t t e d  l i n e  w h i c h  r e f e r s  t o  t h e  v a l u e s  p r e d i c t e d  b y  
t h e  mixed mode l  a s s u m i n q  t h a t  m e t e o r o l o g y  r e c o r d e d  a t  t h e  
time when t h e  m o d e l  is a p p l i e d  w i l l  ~ e r s i s t  f o r  the n e x t  
f o u r  h o u r s ,  a n d  b y  t h e  d a s h e d - d o u b l e  d o t t e d  l i n e  rn w h i c h  
m e t e o c o l o g y  is f o r e c a s t  by means  o f  s t a t i s t i c s  a a d e  o v e r  t h e  
me t e c r c l o g i c a l  time ser ies .  

L C N G - E A N G E  C I S P E E S I O N  

r)n r e g i o n a l - c o c t i n 2 n t a l  s c a l e ,  i. e .  c r  d i s t a n c e s  o f  t h e  
o r d e r  cf IGU-~CLC k m ,  p o l l u t i o n  p r o b l e m s  a r i s e  m a i n l y  f r o m  
t h e  d a m a g e  c a u s e d  by d e p o s i t i o n  o f  a c i d  s u l p h u r  c c n ~ o u n d s  a t  
E a r t h ' s  s u r f a c e ,  a n d  ~ o s s i b l e  e f f e c t s  o n  c l i m a t e .  The main  
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F i g . l  - V e n e t i a n  a r e a  i n c l u d i n g  t h e  m c n i t o r i n g  z t a t i o n s  
i n s t a l l e d  by T e c n e c o  b y  a p p o i n t m e n t  o f  I t a l i a n  
G o v e r n m e n t a l  H e a l t h  D e p a r t m e n t .  B l a c k  d o t s  i n d i c a t e  
s t a t i o n s  o p e r a t i n q  s i n c e  F e b r u a r y  1973 ,  w h i t e  d o t s  
s t a t  i o n s  p u t  i n t o  o p e r a t i o n  o n e  y e a r  l a t e r .  



SO2-SEASONAL AVERAGE CONCENTRATION 

Fiq.2 - O b s e r v e d  a n d  c a l c u l a t e d  t h r e e - m c n t h l g  a v e r a g e  SCt 
c c n c e n t r a t i o n  a t  s t a t i o n s  1 6  a n d  22 (Sp: n d r c h ,  
A p r i l ,  fl aY : Su: J u n e , J u l y , A u g u s t ;  A u  : 
Z e p t e m b e r  , O c t o b e r ,  l iovem b e r  : Wi: 
C e c e m k e r ,  J a n u a r y ,  F ~ t r u a r y )  . 



SO,-SEASONAL AVERAGE CONCENTRATION 

OBSERVED 

r CALCULATED : P4SOUILL.'S CATEGORIES 

Fig.3- As i n  P i q .  2 b u t  f o r  s t a t i o n s  1 C  a n d  2 9 .  
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Fig. 4 - Observed a n d  forecast  hourly concentrations a t  
s t a t i o n  9 during the episode occurring on  A p r i l  
7th, 1973 .  See t e x t  for  symbol explanations.  



s u l p h u r  c o n  c u n d s  t o  b e  c o n s i d e r e d  a r e  s u l p h u r  d i o x i d e  a n d  2 s u l f a t e  (SO4 ) . S i a u l a t i o n  o f  l o n g -  r a n g e  s u l p h u r  d i s p e r s i o n  
c a n n o t  n e q l e c t  r e m o v a l  a n d  t r a n s f o r m a t i o n  p r o c e s s e s .  

C o m p u t a t i o n  o f  s u l p h u r  d i o x i d e  a n d  s u l f a t e  c o n c e n t r a t i o n  
r e q u i r e s  d a t a  on:  a)  r e m o v a l  a n d  t r a n s f o r m a t i o n  r a t e :  
b) e m i s s i o n  w i t h  a s p a t i a l  r e s o l u t i o n  o f  t h e  o r d e r  o f  1 ~ - 1 C ;  
km ; c) s i n o p t i c  m e t e o r o l o g y  a n d  d )  t u r b u l e n c e  s t r u c t u r e  o f  
t h e  ~ l a n e t a r y  b o u n d a r y  l a y e r .  

C o m p a r i s o n  w i t h  t h e  s i m i l a r  c o n s i d e r  a t i o n s  r e p o r t e d  i n  
t h e  s h o r t - r a n g e  d i s p e r s i o n  p r o b l e m  s h c u s  t h a t ,  i n  a d d i t i o n  
t o  a c h a n g e  i n  t h e  sca le  of t h e  m e t e o r o l o g i c a l  a n d  e m i s s i o n  
d a t a ,  new i n f o r m a t i o n  a r e  n e e d e d  i n  o r d e r  t o  m o d e l  r e m o v a l  
p r o c e s s e s  a n d  t r a n s f o r m a t i o n  of s u l p h u r  t o  s u l f a t e .  

T h e  a d d i t i o n a l  p r o c e s s e s  t o  b e  d e s c r i b e d  a r e  d r y  a n d  v e t  
d e p o s i t i o n  of b o t h  s u l p h u r  d i o x i d e  a n d  s u l f a t e ,  a n d  t h e  
t r a n s f o r m a t i o n  o f  s u l p h n r  d i o x i d e  t o  s u l f a t e ,  A s u m m a r y  o f  
t h e  s t u d i e s  d o n e  o n  t h i s  s u b j e c t  c a n  h e  f o u n d  i n  W h e l p d a l e  
( 1 9 7 8 )  who a l s o  r e p o r t s  a n  e x t e n s i v e  b i b l i o g r a p h y .  

S u l p h u r  r e m o v a l  a n d  t r a n s f o r  m a t i o n  r a t e  d e p e n d s  o n  
i n t e n s i t y  o f  t h e  a t m o s p h e r i c  t u r b u l e n c e ,  t y p e  o f  E a r t h v  s 
s u r f a c e  a n d  c h e m i c a l  c o m p o s i t i o n  o f  t h e  a t m o s ~ h e r e .  R e m o v a l  
a n d  t r a n f o r m a  t i o n  r a t e s  a r e  time s p a c e  d e p e n d e n t  f u n c t i o n s .  
I n  p r a c t i c a l  a p p l i c a t i o n s ,  t h e y  are  m o s t l y  a p p r o x i m a t e d  b y  
c o n s t a n t  v a l u e s .  

B r i e f l y ,  t h e  d r y  d e p o s i t i o n  v e l o c i t y  f a r  s u l p h u r  d i o x i d e  
is  o f  t h e  o r d e r  o f  1  cm/sec, w h i l e  f o r  s u l f a t e  is  t e n  times 
smal ler .  Wet d e p o s i t i o n ,  i. e. i n  c l o u d  a n d  b e l o w  c l o u d  
c a p t u r e  o f  s u l p h u r  d i o x i d e  a n d  s u l f a t e ,  is a d i s c o n t i n u o u s  
p r o c e s s ,  w h i c h  d e p e n d s  o n  t h e  l a t i t u d e  o f  t h e  c o n s i d e r e d  
r e g i o n .  On a n n u a l  b a s i s ,  a t  N o r t h e r n  H e m i s p h e r e  l a t i t u d e s  
where m o s t  o f  e m i s s i o n  o c c u r s ,  i t  c a n  b e  c c s p a r a b l e  w i t h  d r y  
d e p o s i t i o n .  Due t o  d r y  a n d  wet d e p o s i t i o n  r e m o v a l  r a t e  c a c  
be  es t imated a b o u t  few p e r  c e n t  p e r  h o u r .  T r a n s f o r m a t i o n  o f  
s u l p h u r  d i o x i d e  t o  s u l f a t e  c a n  t a k e  p l a c e  b o t h  t y  
h o m o g e n e o u s  a n d  h e t e r o g e n e o u s  r e a c t i o n s .  T r a n s f o r m a t i o n  r a t e  
f o r  b o t h  g a s -  pha se ( h o m o g e n e o u s  r e a c t i o n s )  a n d  l i q u i d  p h a s e  
( h e t e r o g e n e o u s  r e a c t i o n s )  o x i d a t i o n  o f  s u l p h u r  d i o x i d e  is of 
t h e  o r d e r  o f  7 %  h . No r a t e  d a t a  a r e  s o  f a r  a v a i l a b l e  o n  
s u l p h u r  d i o x i d e  o x i d a t i o n  o n  t h e  s u r f a c e  cf s o l i d  p a r t i c l e s ,  

S i m u l a t i o n  s t u d i e s  o f  s u l p h u r  l o n g  r a n g e  d i s p e r s i o n  ha ve 
b e e n  u n d e r t a k e n  b y  a p p l y i n g  b o t h  L a q r a n q i a n  a n d  E u l e r i a n  
t e c h n i q u e s .  L a g r a n q i a n  m o d e l s  (see, e.  g . ,  E l i a s s e n  a n d  
S a l t b o n e s ,  1 9 7 5 ;  S h e i h ,  1 9 7 7 )  are b a s e d  o n  t h e  c o m p u t a t i o n  
o f  t r a j ec to r i e s  by u s i n g  e i t h e r  85: mb c r  q e c s t r o ~ h i c  b i n d .  
C o n c e n t r a t i o n  is c o m p u t e d  e i t h e r  by c o n s i d e r i n g  t h e  s u l p h  u r  
mass b a l a n c e  o f  a n  a i r  p a r c e l  w h i c h  m o v e s  a l o n g  a t r a j e c t o r y  
o r  by a G a u s s i a n  t y p e  m o d e l  a f t e r  e s t i m a t i n g  F l u m e  d i m e n s i o n  
by t r a j e c t o r y  a n a l y s i s .  



I n  t h e  E u l e r i a n  a p p r o a c h  (see, e. g . ,  Prahm and 
C h r i s t e n s e n ,  1 9 7 7 )  s u l p h u r  d i o z i d e  mass b a l a n c e  e q u a t i o n  is 
c o u p l e d  w i t h  t h e  s u l f a t e  ( S C ~  ) mass b a l a n c e  e q u a t i c r .  t o  
g i v e  t h e  s y s t e m :  

- 
i n  v h i c h  C i  i s  S o z c o n c e n t r a t _ i o n ,  C t  is S C ~  c o n c e n t r a t i o n ,  
k4 is  SO^ d e c a y  r a t e ,  kt 50; d e c a y  r a t e  a n d  k3 SC +SC; 
t r a n s f  c r n a t i c n  r a t e .  1 

Long r a n g e  d i s p e r s i o n  r n o d e l l i n q  h a s  b e e n  less  
c x p e r i r c e n t e d  t h a n  t h e  l o c a l  one .  T h i s  is d u e  t o  t h e  
c o m p l e x i t y  o f  t h e  d a t a  r e q u i r e d ,  Houever ,  resu l t s  g i v e n  b y  
t h e  a b o v e  rnen t i cned  a u t h o r s  a r e  i n  g e n e r a l  a g r e e m e n t  v i t h  
e x p e r i m e n t  a 1  d a t a .  

C O N C L U S I C N  

I n  t h e  N o r t h e r n  H e m i s p h e r e  t h e  man made s u l p h u r  e m i s s i o n  
d o m i n a t e s  t h e  n a t u r a l  one .  E x p e c t e d  i n c r e a s e  cf s u l p h u r  
emissicn d u e  t o  t h e  i n c r e a s e  o f  f o s s i l  f u e l  
c o n s u m p t i o n ,  which  h a s  been  f o r e c a s t  f o r  t h e  n e x t  y e a r s ,  
F o s e s  t h e  u r q e n c y  of p r e d i c t i n g  i n  a d v a n c e  i m p a c t  o f  nev 
s o u r c e s  on  a i r  p o l l u t i o n  a n d  c l i m a t e ,  

S i n c e  a i r  p o l l u t i o n  e p i s o d e s  o c c u r r e d  m a i n l y  a t  l o c a l  
s c a l e ,  a  c e r t a i n  e x p e r t i s e  h a s  keen a c q u i r e d  i n  t h e  
a p p l i c a t i o n  o f  m o d e l s  t o  s i m u l a t e  s h o r t  r a n g e  d i c ~ e r s i o n  
s i t u a t i o n s ,  O n  l o c a l  s c a l e ,  mode l s  p r o v e d  t o  h e  a h l e  t o  
s i m u l a t e  c o n c e n t r a t i o n  p a t t e r n s .  T h e r e f o r e  t h e y  p r o v i d e  a 
v a l i d  t c c l  t o  i d e n t i f y  and a p p l y  o p t i m a l  a i r  p o l l u t i o n  
p l a n n i n g  a n d  c o n t r o l  s t r a t e g i e s .  

P l a t h e m a t i c a l  s i m u l a t i o n  o f  l o n g - r a n g e  d i s p e r s i o n  h a s  n o t  
y e t  been e x p e r i m e n t e d  a s  t h e  o n e  or. l c c a l  s c a l e .  A d d i t i o n a l  
d i f f i c u l t i e s  a r e  c a u s e d  by t h e  p a r a m e t r i z a t i o n  o f  r e m o v a l  
a n d  t r a n s f o r l n a t i o n  p r o c e s s e s .  I n t e r n a t i o n a l  c o o p e r a t i o n  is  
r e q u i r e d  i n  o r d e r  t o  p r o v i d e  d a t a  f o r  model  a p ~ l i c a t i o n s  
(see, e. g , ,  OECI: r e p o r t ,  1 9 7 7 ) .  R e s u l t s  a c h i e v e d  s o  f a r  b y  
l o n g - r a n g e  d i s p e r s i o n  s t u d i e s  l e a d  t o  t h e  c o n c l u s i o n  t h a t  
m a t h e m a t i c a l  m o d e l s  c a n  c o p e  w i t h  t h i s  ~ r c b l e m  a n d  c a n  be 
u s e d  t o  e v a l u a t e  i n t e r r e g i o n a l  e f f e c t s  o f  s u l p h u r  ~ o l l u t i o n .  
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E f f l u e n t s  f rom C o a l  G a s i f i c a t i o n  P l a n t s  

G .  S t a u d i n g e r  
T e c h n i c a l  U n i v e r s i t y  Graz ,  A u s t r i a  

P l a n t s  f o r  t h e  c o n v e r s i o n  o f  c o a l  a r e  b i g  i n d u s t r i a l  f a c i l -  
i t i e s  which  h a n d l e  some m i l l i o n s  o f  c o a l  p e r  y e a r .  S i n c e  t h e s e  
p l a n t s  a r e  so b i q  and  h a n d l e  s u c h  t r emendous  s t r e a m s  o f  c o a l ,  
t h e i r  i m p a c t  on t h e  l o c a l  e n v i r o n m e n t  may b e  c o n s i d e r a b l e  e v e n  
i f  t h e  e f f l u e n t s  a r e  r e l a t i v e l y  s m a l l  s t r e a m s .  F i g u r e  1 shows 
t h a t  g a s i f i c a t i o n  i s  o n e  o f  t h e  p o s s i b l e  r o u t e s  t o  p r o d u c e  fo rms  
o f  e n e r g y  which  may be e a s i l y  t r a n s p o r t e d  and  u s e d  w i t h o u t  p o l l u -  
t i o n .  

The g a s i f i c a t i o n  p r o c e s s ,  however ,  p r o d u c e  e f f l u e n t s  which  
may c a u s e  s e r i o u s  p o l l u t i o n  i f  t h e y  a r e  n o t  h a n d l e d  p r o p e r l y .  
B e s i d e s ,  t h e r e  e x i s t  s o l i d ,  l i q u i d  and  g a s e o u s  e f f l u e n t s ,  as w e l l  
a s  o t h e r  e m i s s i o n s .  These  e m i s s i o n s  a n d  t h e  p o s s i b l e  s o u r c e s  
w i t h i n  t h e  g a s i f i c a t i o n  p l a n t  a r e :  

ODOR 

Odors  may e s c a p e  f rom t h e  f o l l o w i n g  p a r t s  o f  a  g a s i f i c a t i o n  
p l a n t :  

-- s u l f u r - r e c o v e r y ,  
-- w e t  s l a g  and  a s h  d i s p o s a l ,  
-- d i f f e r e n t  aqueous  e f f l u e n t s ,  
-- t a r  t r e a t m e n t  (depend ing  on  t h e  t y p e  o f  p r o c e s s ] .  

TOXIC GASES 

The raw g a s  p r o d u c t  which  comes o u t  o f  t h e  g a s i f i c a t i o n  
r e a c t o r  mus t  b e  t r e a t e d .  B e f o r e  t r e a t m e n t  it c o n t a i n s  t h e  t o x i c  
components  CO, H2S, HCN,  COS. T h e s e  g a s e s  d o  n o t  e s c a p e  d u r i n g  
normal  o p e r a t i o n ,  b u t  w i l l  b e  s e p a r a t e d  a n d / o r  c o n v e r t e d  t o  harm- 



less and u s e f u l  p r o d u c t s  l i k e  e l e m e n t a l  s u l f u r .  During s t a r t  up, 
s h u t  down, and p e r i o d s  o f  bad o p e r a t i o n  t h e  g a s  f low w i l l  be 
burned i n  a  f l a r e ,  which i s  d e s i g n e d  t o  h a n d l e  t h e  t o t a l  g a s  
f low.  The amount o f  g a s  which migh t  e s c a p e  i n  c a s e  o f  a n  a c c i -  
d e n t  i s  s m a l l ,  and t h e r e f o r e  has no s e r i o u s  impact  on t h e  env i ron-  
ment. 

NOISE 

Noise may come from t h e  c o a l  p r e p a r a t i o n  s e c t i o n  e s p e c i a l l y  
t h e  g r i n d i n g ,  d r y i n g  and s t o r a g e  equipment .  But  t h e  a i r  s e p a r a -  
t i o n p l a n t  (most g a s i f i c a t i o n  p r o c e s s e s  u s e  p u r e  oxygen) may a l s o  
be  a  s o u r c e  o f  n o i s e .  These n o i s e  e m i s s i o n s  s t e m  from machinery 
which i s  commonly known, and may b e  c o n t r o l l e d  by  c o n v e n t i o n a l  
means, i f  r e q u i r e d .  

VISIBLE PLUME 

V i s i b l e  plumes may rise from t h e  f l a r e  s t a c k ,  and from t h e  
c o o l i n g  tower .  The f l a r e  w i l l  b e  i n  o p e r a t i o n  o n l y  d u r i n g  s t a r t  
up, s h u t  down, and i n  c a s e  of  abnormal o p e r a t i o n .  The g a s  t h a t  
w i l l  b e  b u r n t  d o e s  n o t  t e n d  t o  form smoke. A s  a  r e s u l t ,  t h e  
plume of t h e  f l a r e  w i l l  n o t  b e  a  s e r i o u s  problem. I f  a  w e t  cool -  
i n g  tower i s  used ,  w e t  plume w i l l  r ise l i k e  from any w e t  c o o l i n g  
tower.  The c a p a c i t y  o f  t h e  c o o l i n g  tower w i l l  b e  somewhat less 
t h a n  i n  a  c o a l  f i r e d  power p l a n t  w i t h  t h e  same c o a l  i n t , a k e ,  s i n c e  
t h e  c o n v e r s i o n  e f f i c i e n c y  i n  g a s i f i c a t i o n  i s  h i g h e r  t h a n  i n  power 
g e n e r a t i o n .  Cool ing  towers  a s  such a r e  g e n e r a l l y  a c c e p t e d .  

SOLIDS 

Coal c o n t a i n s  a s h .  Ash i s  produced a s  a  s o l i d  r e s i d u e .  
I t  depends on t h e  k ind  o f  p r o c e s s  whether  t h e  a s h  i s  s u s c e p t i b l e  
t o  c o n t a m i n a t i o n  by t o x i c  s u b s t a n c e s  o r  n o t .  G e n e r a l l y  it can 
b e  s a i d  t h a t  a s h  produced a t  h i g h  t e m p e r a t u r e s  d o e s  n o t  d i f f e r  
from t h e  commonly known f l y  a s h  i n  c o n v e n t i o n a l  power s t a t i o n s ,  
i f  i t  does  n o t  become w e t  w h i l e  it i s  i n  c o n t a c t  w i t h  t h e  t o x i c  
components o f  t h e  g a s  p r o d u c t .  

I n  a  c o u n t e r c u r r e n t  p r o c e s s  l i k e  a  Lurgi - f ixed-bed r e a c t o r  
a s h  i s  produced,  and quenched w i t h  w a t e r  a t  a  p o i n t  of  t h e  pro- 
cess where no g a s  p r o d u c t  e x i s t s  b u t  o n l y  oxygen, and s team a s  
gaseous  components. I n  t h i s  c a s e  a s h  i s  produced a s  a  w e t  prod- 
u c t ,  b u t  t h e r e  i s  no c o n t a c t  o f  t h e  w e t  a s h  w i t h  t h e  g a s  p r o d u c t .  

I n  e n t r a i n e d ,  i . e . ,  c o n c u r r e n t  p r o c e s s e s  i t  i s  n e c e s s a r y  
t o  remove a s  much a s  p o s s i b l e  o f  t h e  t o t a l  a s h  i n  a  d r y  s t a t e .  
An a d d i t i o n a l  w e t  s t a g e  w i l l  a lways  b e  n e c e s s a r y ,  s i n c e  t h e  g a s  
p r o d u c t  h a s  t o  be  c o m p l e t e l y  s o l i d - f r e e  b e f o r e  any c a t a l y t i c a l  
t r e a t m e n t  may be  done. A number o f  schemes have been proposed,  
t h a t  f a c i l i t a t e  t h e  removal  o f  a  b i g  p a r t  o f  t h e  f l y  a s h  i n  a  
d r y  s t a t e :  The w e t  f l y  a s h  needs  t r e a t m e n t  t o  remove t h e  t o x i c  
compounds t h a t  a r e  formed d u r i n g  t h e  c o n t a c t  w i t h  w a t e r  and g a s  
p r o d u c t .  D i s p o s a l  o f  u n t r e a t e d  w e t  f l y  a s h  may g i v e  rise t o  
ground w a t e r  p o l l u t i o n .  



LIQUIDS 

All coal gasification processes produce aqueous effluents 
to be distinguished from the organic liquids produced during some 
processes, since these organic liquids are useful as chemicals, 
or at least as a fuel. They are not effluents. 

Aqueous effluents differ widely in quantity and the type of 
pollutant depending on which type of process is being used. The 
biggest stream of aqueous effluents is produced in gasification 
processes, that use the Lurgi-fixed-bed, nonslagging gasifier. 
The fixed-bed slagging process produces a smaller flow of aque- 
ous effluent, that is laden more with contaminants. This pro- 
cess is not yet commercial, however, it has very good prospects 
in the future for economic reasons. Although there are no data 
from commercial scale plants, data from the pilot plant at the 
Ground Forks Technology research center are available. 

A scheme of the Ground Forks pilot plant is given in Figure 
2. The gas, that comes out of the gasifier, is being quenched 
in a spray washer. Part of the circulating liquid is discharged 
as a "gas liquor". This gas liquor is the main aqueous effluent. 
A smaller portion is obtained as a condensate from the gas cool- 
er. 

As an example, a material balance of a commercial gasifier 
is given in Table 1. "A condensate" is a portion of the aqueous 
effluent produced. Typical effluent data from a spray washer Sam- 
ple are given in Table 2. These data, as well as the data from 
Table 2 stem from reference 1, and reference 2, where additional 
information may be found. 



Material I n  k9 Percent 

Steam ..................... 6. 802 10.5 
Oxygen .................... 12. 091 18.7 
Fuel ...................... 43.  400 66.9 
Purge gas ................. 2 .  550 3.9 

TOTAL ................ 64. 843 100.0 

Product gas ............... 47. 624 73.5 

Slag ...................... 1 .  964 3.0 
Condensate ................ 14. 161 21.8 ...... Unaccounted for loss 1 .  094 1 . 7  

................ TOTAL 64 .. 84 3 - 100.0 

Tab 1 Material balance of a typical 
gasification process 



TAR: 
Tar generated (dry b a s i s )  : 

lb/ton MAF coal. .  70.6 .............................. ............................ .gallton YAF coal.. 8.5 

LIQUOR: 
\!ater generated.. .............. . I  b/ t o n  l4AF coal .. 822 

............................................... pH 3.56 
Alkalinity, ppm as  CaC03 ......................... - - 
Turbidity, JTU ................................... .. - 
Conductivity, MHO ................,............... - - . TQC , concen t r e  t i o n d  ........................ ppm, 21 ,040 ................... TOC genersted l b / t o n  MAF coal.. 17.3 
NH3, concent\-atio$./. ...................... .ppm. . 7,420 ................ NH3 generated.. . l  b / t o n  Mr\F coal. .  6.1 .................. Total d i  ssol vcd sol ids&/. ppn.. 5,261 . ............... I ~ o r g a n i c  dissolved s31 i d s / .  ppn. 3 52 

. ....... ......... Sulfur,  concentrati on3 / .  .. p p q .  .. Sulfur, generated.. ............. 1 b / t o n  i4AF coal 
.... ........... Sulfide, concentratio&. ... PPm.. .. Sul  f i d c ,  generated.. ........... . l  b / t o n  MAF coal 

TOTAL EFFLUENT (LIQUOR & TAR) : 
Carbon i n  e f f luent . .  ........... . l  b/ton MAF coa? .. 70.6 
Nitrogen i n  eff luent . .  ......... . I  o / t o n  MAF coal.. 6.6 
Sulfur i n  eff luent  .............. 1 b/ ton  I v I A F  coal .. 

................... Pct of coal carbon in eff luent  5.7 
Pct of coal nitrogen i n  e f f luent , .  ......,,..., ... 28.6 

.................. Fct of coal su l fur  i n  e f f l u e n t .  

a /  A l l  c o n c e n t r a t i o n s  a r e  c a l c u l a t e d  o n  t h e  b a s i s  of - 
t o t a l  con taminan t  weight  p e r  volume l i q u i d  e f f l u e n t  
produced,  approx imat ing  p robab le  s t e a d y  s t a t e  e f f l u e n t  
c o n c e n t r a t i o n s  

Tab 2 Typical effluent data from composite 
spray washer samples 



. Cor7onent E!E!!! Percent 

P h e n o l  ............................... 
Cresol ............................... 
Xy1 en01 .............................. 
Me thylnaphthal ene .................... 
2iphenyl ...................'.......... 
blmethyl naphtha1 ene .................. ............................. F1~0rtne 
Carbazole ............. ... ........... .......................... Dl benzofuran ......................... Phtnanthrene 

; ................. hthylo i  benzofurzn ; 
Methylphenanthrene ................... .................. PyrenelFluoranthene 
bkthylpyrene .........:............... ........ Benzonap h t  hof uran .......... .. 
Chrysene ............................. 
Benzopyrene .......................... 

Tab 3 Mass spectrometer analysis of organics 
liquor in aqueous fraction 
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