
NATIONAL COAL UTILIZATION 
ASSESSMENT 

A Preliminary Assessment of the 

Health and Environmental Effects 

of Coal Utilization in the Midwest 

Volume I 

i~l ASTER 
U. S. ENERGY RESEARCH 

ANDDEVELOPMENT 
ADMINISTRATION 

ARGONNE 
NATIONAL 

LABORATORY 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



The &e%Litiar ~f Argqme- National Lab~r-aWry a re  *wed by &e Uniked States Cbwesn- 
rnent. Wder &s keerlma af a contract('W~3J-101-6~-3tIj between the D. 9. EaergyRee~aarr~h and 
Dep&loprme~t ~dlt3riAisb'atitCiDnI A ~ ~ O J I I I B  rfsive~e5ti&s Assrrciatim ~ i l  The University of CMcago, 
the Univezsity emp1oyr the strrf-f and opesates the Laboratory in accs?da=e with policies and 
p r u g r m s  f o t m ~ l a t e d ~  appraved and redawed bryr the Assoch.tio~~. 

MEMBERS OF BRGONNE IfNIVERSTIES MSOCIATION 

The University af Arizona 
Catnegie-MeJlon Whiversiw 
Cage Western Re~arrra Waiver sity 
The Ut&versity of Ghi~aga 
University 06 Ef9chaci 
Illinois Inatitutg of Technology 
University of filinoie 
Indiana University 
lowa Bt&te University 
The University of Iowa 

Kansas S-te University 
The Yhi-versity of W s a s  
Layola U r r i ~ r  sity 
Marquetie Un%v&r sfty 
Michigan State University 
The Uni-rsity of Michigan 
dnivsrsity of Minneseta 
University of Missouri 
Northw~st~Pn "Ijniversity 
University ef Netre D a m  

Tbe Ohio St-ate XJniver'sity 
C3hio Umiv-er sity 
The Pmmsylvanir Stab Uaivwsity 
P ~ r d u e  Waivezeiity 
hint Louis wZa$X?@~t3iq 

Scuthern Illinois University 
The University a£ Tejras at. Austin 
Washiagton Uaive r e ity 
Wayne State Umivcrsity 
Ths UnPver sity of Wisconsin 

NOTICE -. 

This report was prepared a s  an account of work sponsored 
by the United States Government. Neither the United States 
nor the United States Energy Research and Development Ad- 
ministration, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, makes any 
warranty, express or  implied, or assumes any legal liabil- 
i tyor  responsibility for the accuracy, completeness or use- 
fulness of any information, apparatus, product or  process 
disclosed, or  represents that i ts use would not infringe 
privately-owned rights. Mention of commercial products, 
their manufacturers, or their suppliers in this publication 
does not imply or  connote approval or  disapproval of the 
product by Argonne National Laboratory or the U. 9. Energy 
Research and Development Administration. 

Printed im h e  Un6ted Statee rJf ArnedCL 
Availaable f ~ o m  

Nagioasl "r lecha3cal ltrform&Pon Service 
U. 9. Department of Co~rzraarca 

52$5 Port Royal Ruad 
Springfi-eld, Virginia 22 1 b l  

Price: Printed G&py $10.75; Microfkh  $3,OQ 



Distribution Category: 
Coal Conversion and Utilization 

( U C - 9 0 )  

NATIONAL COAL UTILIZATION 
ASSESSMENT 

A Preliminary Assessment of the 

Health and Environmental Effects 

of Coal Utilization in the Midwest 

Volume I 

Energy Scenarios, Technology 

Characterizations, Air and Water 

Resource Impacts, and Health Effects 

January 1977 

NOTICE 
7hh repon war prepared s?i an account of work 
sponsored by h e  United States Covemmmt. Neither the 
United Stater nor the United Stater Department of 
Enerw, nor any of thclr cmployecr, nor any of thcir 
contracton, subconlracton, or thcir employees, maker 
any warranty, exprcrr or implied, or arrumer any legal 
liability or responsibility for the accuracy,complctencu 
or uufulnerr of any informtion, apparatus, product or 
prose* ~liscloud..or rcp$pnU that its urc w6uM not 
infringe ~ r i v a t c l j o ~ d  rights. 

L. 

Regional Studies Program 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, Illinois 60439 

PTRIBUTION OF TBPS DOCUMENT IS UNLIMI~ 



sovers
Sticker



iii 

.TABLE OF CONTENTS 

i. 

PREFACE . . . . . . . . . . . . . .  
ABSTRACT . . . . . . . . . . . .  

. . . . . . .  EXECUTIVE SUMMARY., 

. . . . . . . . . .  1.0 OVERVIEW 

P a g e  

j I 

xv . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  1.1 OBJECTIVES AND SCOPE 

1 . 2  .ENERGY SUPPLY AND DEMAND . . . . . . . . . . . . . .  
1.3 SITING . . . . . . . . . . . . . . . . . . . . . . . .  
1 . 4  AIR-QUALITYSTANDARDS . . . . . . . . . . . . . . . .  
1.5 HEALTH EFFECTS . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  1 . 6  IMPACTS 05' WATER CONSUMPTION 

1 . 7  IMPACTS ON WATER QUALITY , . . . . . . . . . . . . . . .  
1.8 IMPACTS OF CbAL EXTRACTION ON TERRESTRIAL ECOSYSTEMS 

. . . . . . . . . . . .  1 . 9  IMPACTS ON AQUATIC ECOSYSTEMS 

. . . . .  1.10 ECOLOGICAL IMPACT 0F.ATMOSPHERIC POLLUTANTS 

. . . . . . . . . . . . . . . .  1.11 DIRECTIONS FOR FUTURE STUDIES 2 4  

. . . . . . . . . . . . . .  2 . 0  CHARACTERIZATION OF COAL TECHNOLOGIES 
8 .  

2 . 1  INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  2 7  

2 . 2  ELECTRIC GENERATION . . . . . . . . . . . . . . . . . . . . .  3 2  

2 . 3  COAL GASIFICATION . . . . . . . . . . . . . . . . . . . . . .  4 3  

. . . . . . . . . . . . . . . . . . . . . .  I 2 . 4  COALLIQUEFACTION 4 9  

. . . . . . . . . . . . . . . . . . . . . . .  REFERENCES FOR SECTION 2 51 

ADDITIONAL REFERENCES (NOT CITED) FOR SECTION 2 . . . . . . . . . . . .  5 2  

. . . . . . . . . . . .  3.0 PROBLEMS AND FUTURE TRENDS I N  ENERGY SUPPLY 53 
. . . . .  

3.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  53 



i v  

TABLE OF CONTENTS ( C o n t  ' d l  

. . . . .  3 . 2  .ELECTRICAL ENERGY: DEMAND AND GENERATING CAPACITY 

. . . . . . . . . . .  3.3 COAL DEMAND BY.UTILITIES:  COAL SOURCES 

' 3 . 4  COALGASIFICATION . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  REFERENCES FOR SECTION 3 

. . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 0  SITINGPATTERNS 

. . . . . . . . . . . . . . . . . . . .  4.1 W A C I T Y  ~ Q U I ~ P f l 3 I ~ T S  

. . . . . . . . . . . . . . . . . . . . . . .  4 . 2  SITING CRITERIA 

. . . . . . . . . . . . . . . . . . . . . . . .  4.3 SITINGPROCEDURES 

4 . 4  CONSTRAINTS . . . . . . . . . . . . . . . . . . . . . . . .  
REFERENCES FORSECTION 4 . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  5.0 REGIONAL COAL RESERVE BASE AND EXTRACTION REQUIREMENTS 

. . . . . . . .  . . . . . . . . . . . . . . .  5.1 COAL RESERVE BASE ' .' 

5 . 2  EXTRACTION REQUIREMENTS FOR ELECTRICAL GENERATION AND 
. . . . . . . . . . . . . . . . . . . . . . . .  GASIFICATION 

. . . . . . . . . . . . . . . . . . . .  5.3 IMPACTS ON LAND USE . . 

. . . . . . . . . . . . . . . . . . . . . . .  REFERENCES FOR SECTION 5 

. . . . . . . . . . . . . . . . . . .  G.0 IMPACTS ON WATER ES3OURCES 

. . . . . . . . . . . . . . . . . . . . . . . .  6.1 INTRODUCTION 

. . . . . . . . . . . . . . . . . . .  6 . 2  REGIONAL WATER PROFILE 

. . . . . . . .  6 . 2 . 1  G e o g r a p h i c  D e s c r i p t i o n  of the R e g i o n  . . . . . .  6 . 2 . 2  ~ v a i l a b i l i t ~  of S u r f a c e  a n d  G r o u n d  Water 
6 . 2 . 3  E x i s t i n g W a t e r Q u a l i t y  . . . . . . . . . . . . . . .  

. . . .  6.3 WATER REQUIREMENTS FOR PROJECTED ENERGY DEVELOPMENT 

. . . . . . . . . . .  6 .4  WATER POLLUTION FROM COAL UTILIZATION 

. . . . . . . .  6.5 IMPACTS OF WATER USES AND POLLUTANT LOADING 

P a g e  

55 

66 

69 

7 1  

7 3  

7 3  

7 7  

7 8  

7 9  

8 2  



TABLE OF CONTENTS (Cont ' d) 

Page 

. . . . . . . . . . . . . . .  6 .5 .1  I m p a c t s o f W a t e r U s e .  . . . . . . . . . . . . .  6.5.2 I m p a c t s o n W a t e r Q u a l i t y .  . . . . .  6.5.3 P o l l u t i o n  o f  S u r f a c e  Water by Coal  Mining . . . . .  6.5.4 Ground-Water P o l l u t i o n  by Waste D i s p o s a l .  

. . . . . . . . . . . . . . . . . . . . . . . .  REFERENCES FOR SECTION 6 

. . . . . . . . . .  7.0 IMPACTS.. ON AIR QUALITY. 

7.1 EXISTING AND PROJECTED BACKGROUND CONCENTRATIONS . . . . . .  
. . . . . . . . . . .  7 .1 .1  ' A i r  Q u a l i t y  Maintenance Areas  

7.1.2 EPA/SAROAD Data . . . . . . . . . . . . . . . : . .  
7.1.3 County Emiss ion D e n s i t i e s  and  P r o j e c t i o n s  . . . . .  . . . . . . . . . . .  7.1.4 S e n s i t i v e  Geograph ica l  Areas .  

. . . . . . .  7.2 ANNUAL AVERAGE IMPACT OF COAL-USE SCENARIOS. 

. . . . . . . . . . . . .  7.3 SHORT-TERM CONCENTRATION IMPACTS 

7.4 POTENTIAL FOR FORMATION OF PHOTOCHEMICAL OXIDANTS I N  . . . . . . . . . . . . . . . . . . . . .  POWER-PLANT PLUMES 

7.5 CONSTRAINTS ON COAL UTILIZATION RELATED TO AIR-QUALITY . . . . . . . . . . . . . . . . . . . . . . . . . .  STANDARDS. 

. . .  7.5.1 N a t i o n a l  Ambient A i r  Q u a l i t y  S t a n d a r d s  (NAAQS) 
7.5.2 R e g u l a t i o n s  f o r  P r e v e n t i o n  o f  S i g n i f i c a n t  

. D e t e r i o r a t i o n . . . . . . . . . . . . . . . . . . .  

7.6 TOTAL POPULATION EXPOSURES FOR ALTERNATIVE SITING AREAS. . 
. . . . . . . . . . . . . . .  7.7 LONG-RANGE SULFUR TRANSPORT. 

7.7.1 M e t h o d o l o g y .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  7.7.2 A n a l y s i s  R e s u l t s .  

. . . . . . . . . . . . . . . . . . . . . . .  REFERENCES FOR SECTION 7 

. . . . . . . . . . . . . . . . . . . . . . . . .  8.0  HEALTHEFFECTS. 

. . . . . . . . . . . . . . . . . . . . . .  8.1 INTRODUCTION. 

. . . . . . . . . . . . . .  8.1.1 Measurement o f  "Health" . . . . . . . . . . . .  8.1.2 The Study o f  H e a l t h  E f f e c t s  

8.2 HEALTH EFFECTS ASSOCIATED WITH AIR POLLUTION FROM COAL 
U S E . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



v i  

TABLE OF CONTENTS' (Cont 'd) 

Page 

8.2.1 Physiological  Effects  . . . . . . . . . . . . . . . . . .  172 

. . . . . . . . . . . . . . . . . . .  8.2.1.1 I r r i t a t i o n  172 . . . . . . . . . . . . . . . .  8.2.1.2 Direct  Toxicity 172 
8.2.1.3 Carcinogenesis . . . . . . . . . . . . . . . .  173 . . . . .  8.2.1.4 Physical Synergism -- Lung Clearance 173 

8.2.2 C l in i ca l  Conditions Resulting from the  Physiological 
Effects  . . . .  .. . . . . . . . . . . . . . . . . . .  173 

8 .2.2.1 Acute Respiratory Disease . . . . . . . . . .  17.3 . . . . . . . . .  0.2.2.2 Chronic Respiratory Disease 174 
8.2.2.3 ~ ~ ~ r a v a t i o n  of Pre-exist+ng Conditions . . .  174 . . . . . . . . . . . . .  8.2.2.4 Neoplastic Diseases 174 

. . . . . . . . . .  8.3 EFFECTS OF SPECIFIC POLLUTANTS ON HEALTH 174 

8.3.1 Sulfur Dioxide (SOp) . . . . . . . . . . . . . . . . .  175 

8.3.1.1 I r r i t a n t  Ef fec t s  . . . . . . . . . . . . . .  175 
8.3.1.2 . Co-ir r i tant  Ef fec t s  . . . . . . . . . . . . .  175 
8.3.1.3 Carcinogenic Ef fec t s  . . . . . . . . . . . .  176 . . . . . . . . . . .  8.3.1.4 Co-Carcinogenic Ef fec t s  176 
8.3.1.5 Effect  on Lung3Clearing . . . . . : . . . . .  176 

8.3.2 Oxides of Nitrogen . . . . . . . . . . . . . . . . .  176 

8.3.2.1 I r r i t a n t  Effect  . . . . . . . . . . . . . . .  177 
.8.3.2.2 Co- i r r i t an tE f f ec t  . . . . . . . . . . . . .  177 . . . . . . . . . . . . .  8.3.2.3 CarcinogenicEffect  177 
'8.3.2.4 Co-Carcinogenic Effect  . . . . . . . . . . .  177 
8.3.2.5 Lung Clearance . . . . . . . . . . . . . . .  178 

8.3.3 Ozone . . . . . . . . . . . . . . . . . . . . . . . . .  178 

8.3.3.1 I r r i t a n t  Effect  . . . . . . . . . . . . . . .  178 
8.3.3.2 Co-i r r i tant  Effects  . . . . . . . . . . . . .  178 
8.3.3.3 Carcinogenic Effects  . . . . . . . . . . . . .  178 
8.3.3.4 Direct ToxicEf fec t s  . . . . . . . . . . . .  178 

8.3.4 Hydrocarbons . . . . . . . . . . . . . . . . . . . . .  179 

8.3.4.1 I r r i t a n t  Effects  . . . . . . . . . . . . . .  179 
8.3.4.2 Carcinogenic Effects  . . . . . . . . . ' . . .  180 

8.3.5 CarbonMonoxide . . . . . . . . . . . . . . . . . . .  180 

8.3.5.1 Direct  Toxic Effect  . . . . . . . . . . . . .  180 



v i i  

TABLE OF CONTENTS (Cont 'd) 

Page 

. . . . . . . . . .  8.3.6 P a r t i c u l a t e s  ( I n c l u d i n g  Trace  ~ l e m e n t s )  1 8 1  
53 

. . . . . . . . . . . . .  8.3.6.1 Mechanisms o f  A c t i o n  182  . . . . . . . . . . .  8.3.6.2 P h y s i o l o g i c a l  E f f e c t s  182 

. . . . . . . . . . . . . .  8.4 QUANTITATIVE ESTIMATES OF RISK 184 

. . . . . . . . . . . .  . . . . . . . . .  REFERENCES FOR SECTION 8 ? 1 8 7  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  APPENDIXA 189  

REFERENCES FOR APPENDIX A . . . . . . . . . . . . . . . . . . . . . . .  192  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . .  APPENDIX B ; 1 9 5  

203 APPENDIX C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  REFERENCES FOR APPENDIX C 209 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  APPENDIX D 211  . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  APPENDIX E 219 

REFERENCES FORAPPENDIX E . . . . . . . . . . . . . . . . . . . . . .  244 





LIST OF FIGURES (Cont ' d) 

No. - 

7.3 

7.3 

7.3 

7.3 

7.3 

7.4 

T i t l e  

(Cont 'd) (b) Indiana . . . . . . . . . . . . . . . . . . . . . 
(Cont'd) (c) Michigan. .. . . . . . . . .. . . . . . . . . . . . 
(Cont'd) (d) Minnesota . . . . . . . . . . . . . . . . . . . . 
(Cont'd) (e)  Ohio. . . . . . . . . . . . . . . . . . . . . . . 
(Cont'd) ( f )  Wisconsin . . . . . . . . . . . . . . . . . . ... 
Cumulative Annual Average SOi Concentration and Deposition f o r  
I l l i n o i s  High Coal Scenario (2020). . . . . . . . . . . . . . . 
Decrease i n  24-hr SO;? Concentration wi th  Distance from Source . 
Superposition of Baseline S i t i n g  P a t t e r n  and 30-Mile Buffer 
Zone f o r  Proposed PSD Class-T Areas . . . . . . . . . . . . . . 
Superposition of S i t i n g  Pa t t e rn  f o r  I l l i n o i s  High Coal U s e  and 
30-Mile Buffer Zone f o r  Proposed PSD Class.1 A r e a s .  . . . . . . 

Page 

138 

7.8 I sop le ths  f o r  S ite-Dependent In tegra ted  Population Exposures 
(persons x pg/m3) from Single  Coal F a c i l i t i e s  i n ' 1 l l i n o i s  . . . 157 

7.9 Source Locations f o r  Representat ive C a l c u l ~ a t i ~ n s ~ o f  Long-Range 
Sulfur  Transport,  Transformation, and Deposition. . . . . . . . 161 

7.10 Rela t ive  SO;? and SO4 Concentrations and Depositions a s  a 
 unction of T i m e  f o r  E f f e c t i v e  Emissions Heights of 350 and 
525m.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 

7.11 Long-Range Sulfur  Transport from 3000-MW Reference Source a t  
60% Load Factor (a) Southern I l l i n o i s  Source. . . . . . . . . . 165 

7.11 (Cont'd) (b) Southern Michigan Source. . . . . . . . . . . , . 166 

7.11 (Cont'd) (c) Southern Minnesota Source . . . . . . . . . . . . 166 

7.11 (Cont'd) (d) Southern Ohio Source. . . . . . . . . . . . . . . 167 

7.11 (Cont'd) (e)  Northern Wisconsin Source . . . . . . . . . . . . 167 

7.12 Cumulative SO;? and SO 4 Concentration and Deposition from Long- 
Range Transport f o r   missions i n  I l l i n o i s  High Coal U s e  
Scenario. . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 

7.13 Geographical Dis t r ibu t ion  of Typical S u l f a t e  Levels i n  t h e  
United S t a t e s  . . . . . . . . . . . . . . . . . . . . . . . . . 169 



LIST OF FIGURES (Cont 'd) 

T i t l e  .. Page 

. . . . . . . .  Exis t ing E l e c t r i c a l  Generation S i t e s  in I l l i n o i s  197 

S i t e s i n I n d i a n a  . . . . . . . . . . . . . . . . . . . . . . . .  198 

. . . . . . . . . . . . . . . . . . . . . . . . .  S i t e s  i n  Michigan 199 

. . . . . . . . . . . . . . . . . . . . . . . .  S i t e s  in Minnesota 200 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  S i t e s  i n  Ohio 201 

. . . . . . . . . . . . . . . . . . . . . . .  S i t e s  i n  Wisconsin 202 

Study Area Subregionalizat ion f o r  Computation of Typical A i r  . . . . . . . . . . . .  Pol lu tan t  Concentrat'ions and Depositions 225 

Annual Average A i r  Po l lu tan t  I sop le ths  f o r  a 3000 MW Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Source 227  

. . . . . .  Clustered S i t i n g  f o r  Twelve 3000 MW Reference Sources 230 

Annual Average A i r  Po l lu tan t  I sop le ths  f o r  Clustered Reference . . . . . . . . . . . . . . . . . .  Sources i n  Southern I l l i n o i s  231 

Maximum Short-Term Concentration Isople ths  f o r  a 3000 . .  MW 
Reference Source - . . . . . . . . . . . . . . . . . . . . . . . .  234 

Maximum Short-Term Concentration l s o p l e t h s  f o r  Clustered 3000-MW 
Reference Sources. . . . . . . . . . . . . . . . . . . . . . . . .  238 



LIST OF TABLES 

No. - T i t l e  Page 

1.1 Comparison of A i r  Qua l i t y  Standards f o r  SO2 w i t h  Concentra- . . . . . . . . . . . . . .  t i o n s  Resul t ing  f romCoa l  U t i l i z a t i o n . '  1 3  
\ 

1.2 Comparison of A i r  Qual i ty  Standards f o r  P a r t i c u l a t e s  w i th  
Concentrat ions Resul t ing  from Coal U t i l i z a t i o n  . . . . . . . . .  1 3  

1 . 3  Energy F a c i l i t i e s  and Related Water Consumption f o r  Major 
Regional Basins . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

1 .4  Water Requirements and ~ v a i l a b i l i t ~  ( c f s )  i n  Se lec t ed  River  
Basins f o r  I l l i n o i s  High Coal U s e  Scenario (2020) . . . . . . .  1 7  

1-5. ,Impacts o f  Coal convers ion  on Water Qual i ty  in Se lec t ed  Rivers  
f o r  High Coal U s e  Scenario (2020) . . . . . . . . . . . ' . . . .  1 9  

2.1 C h a r a c t e r i s t i c s  of Regional Coals and SRC: Proximate and . . . . . . . . . . . . . . . . . . . .  U l t i m a t e  Analyses ( w t % ) .  29 

2.2 Air-Pol lutant  Emissions from Uncontrol led and Cont ro l led  Com- 
bus t ion  ( lb /106  Btu). . . . . . . . . . . . . . . . . . . . . .  34 

2.3 Trace Elements in Representa t ive  Coals (Average va lues  from many 
samples of whole. c o a l ) .  . . . . . . . . . . . . . . . . . . . . .  3 8 

2.4 P l a n t  C h a r a c t e r i s t i c s  . . . . . . . . . . . . . . . . . . . . .  39 

2.5 Emission Rates  f o r  t h e  Standard 3000-MW P l a n t  a t  60% Capaci ty Using . . . . . . . . . . . . . . .  . . . .  I n t e r i o r  . . Province Coal. . ' .  40 

2.6 Water Consumption by Coal-Fired E l e c t r i c  Power Generat ing . . . . . . . . . . . . . . . . . . . . . . . . . .  F a c i l i t i e s .  4 1  

2.7 Estimated Loadings of Water P o l l u t a n t s  from Coal-Fired Power . . . . . . . . . . . . . . . . . . . . . . .  Generatfan P lancs  42 

2.8 Representa t ive  P o l l u t a n t  Concentrat ions i n  Gas-Liquor Condensate . . . . . . . . . . . . . . . . . . . .  from Coal Gas i f i ca t ion .  45 

2.9 Environmental Residuals  f o r  High and Low Control  f o r  Aux i l i a ry  
F a c i l i t i e s f o r S N G P l a n t . . . . . . . . . . . . . . . . . . . .  47 

2.10 Atmospheric Emission Rates  f o r  t h e  Standard 250 x l o 6  sc f /day  . . . . . . . . . . . . . . . . . . . . . . . . . .  SNG P l a n t .  48 

. . . . . . . .  2.11 Water Consumption ( c f s )  by a Unit  SNG F a c i l i t y .  49 

2.12 Representa t ive  Water P o l l u t a n t  Loading from a 250 x l o 3  sc f /day  
SNG P l a n t  Using I l l i n o i s  No. 6 Coal . . . . . . . . . . . . . .  50 



No. - 

LIST OF TABLES (Cont'd) 

T i t l e  

3 .1  End-Use Winter Gas Requirements f o r  November 1975 through March 
1976 ( b i l l i o n  c f ) .  . . . . . . . . . . . . . . . . . . . . . . . 54 

3.2 E l e c t r i c i t y  S a l e s  1960-1972. . . . . . . .. . . . . . . . . . . . 55 

3.3   ore cast T o t a l  Demand f o r  E l e c t r i c i t y .  . . . . . . . . . . . . . 58  

3.4 P ro j ec t ed  P l a n t  Fac to r s  f o r  2000 and 2020. . . . . . . . . . . . 59 

3.5 E l e c t r i c  U t i l i t y  Generat ion capac i ty  according t o  Fuel  Type 
(% of t o t a l  kWh genera ted  by type)  . . . . . . . . . . . . . . . 60 

3.6  E l c c t r i c  U t i l i t y  Concrat ion accsrdgng t o  Fuel. T y p ~  ( P  of t n t a l  
kWh gene ra t ed  by t y p e )  . . . . . . . . . . . . . . . . . . . . . 6 1  

3.7 P ro j ec t ed  Capaci ty (MW) according t o  Fuel  Type . . . . . . . . . 62 

3 . 8  Hydroe lec t r i c  Generat ion Capacity.  . . . . . . . . . . . . . . . 6 3  

3.9 E x i s t i n g  and Planned Nuclear Power P l a n t s  i n  t h e  Midwest . . . . 65 

3.10 1975 I n t e r r e g i o n a l  Coal Flows f o r  E l e c t r i c  U t i l i t i e s  (10 
o n s p e r y e a r )  . . . . . . . . . . . . . . . . . . . . . . . . . .  66 

3.11 Annual Coal Consumption f o r  E l e c t r i c a l  Generat ion ( l o 6  t o n s  p e r  
yea r ) .  . . . . . . . . . . . . . . . . . : . . . . . . . . . . . 67 

3.12 Annual Coal Consumption Scenar ios  f o r  Coal Synfuel  Conversion 
i n  t h e  Midwest . . . . . . . . . . . . . . . . . . . . . . . . . 71 

5 .1  Reserve B a s e ,  1974 Product ion,  and 1975-1985 Planned Addi t ions  
by Mining Method (10 tohs)  . . . . . . . . . . . . . . . . . . . 84 

5.2 Criteria Used i n  Es t imat ing  S t r i p p a b l e  Reserve Base of Bitu- 
minous C o a l a n d L i g n i t e .  . . . . . . . . . . . . . . . . . . . . 87 

5 .3  Coal Reserves Averaged by S t a t e .  . . . . . . . . . . . . . . . . 88 

5.4 To ta l  Coal Consumption f o r  Energy Scenar ios  i n  t h e  Midwest, 1985- 
2UZU (10' t on  ) . . . . . . . . . . . . . . . . . . . . . . . . . 83 

5.5 Cumulative E l e c t r i c a l  Generat ion (1975-2020) f o r  F a c i l i t i e s  
Using Strip-Mined Coal i n  I l l i n o i s :  High Coal U s e  Scenario.  . . 9 1  

5.6 Cumulative Coal Consumption (1975-2020) f o r  F a c i l i t i e s  
Using Strip-Mined Coal i n  I l l i n o i s :  High Coal U s e  Scenario.  . . 

9 3 



x i i i  

LIST OF TABLES (Cont 'd) 

No. - T i t l e  Page 

5.7 Cumulative Land Dis turbed  (1975-2020) from S t r i p  Mining of 
Coal f o r  E l e c t r i c a l  Generat ion f o r  I l l i n o i s :  High Coal U s e  
Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 

Assumptions Used f o r  Computing Land Disturbed f o r  E l e c t r i c a l  
Generation f o r  I l l i n o i s :  High-Coal Use Scenar io  . . . . . . . . 95 

Cumulative Coal Consumption and Land Disturbed (1975-2020) from 
S t r i p  Mining of Coal f o r  G a s i f i c a t i o n  i n  I l l i n o i s .  . . . . . . . 95 

P ro jec t ed  Future Energy Developments and Est imated Consumptive 
Water Requirements . . . . . . . . . . . . . . . . . . . . . . . 107 

Estimated P o l l u t a n t  Loadings of t h e  P ro j ec t ed  2020 Coal U t i l i z a -  
t i o n  F a c i l i t i e s .  Assuming High E f f l u e n t  Cont ro l  ( l b /day ) .  . . . . 111 
Summary of Water A v a i l a b i l i t y  and Requirements ( c i s )  f o r  Energy 
Developments in 2020 and Competing Users . . . . . . . . . . . . 116 

Background Water Qual i ty  and Impacts o f '  2020 Coal u t i l i z a t i o n .  . 1 2 1  

EPA Recommended New Source Performance Standards . . . . . . . . 127 

P o l l u t a n t  Concentrat ions Corresponding t o  SOz I s o p l e t h s  in 
Figs.  7.3 and 7.4. . . . . . . . . . . . . . . . . . . . . . . . 144 

P o l l u t a n t  Deposi t ion Rates  Corresponding t o  SO2 I s o p l e t h s  i n  
F igs .  7 . 3 a n d 7 . 4 .  . . . . . . . . . . . . . . . . . . . . . . . I 4 4  

Comparison of NAAQS and Est imated Maximum Concent ra t ions  from 
Coal U t i l i z a t i o n  F a c i l i t i e s .  . . . . . . . . . . . . . . . . . . 149 

Allowable P o l l u t a n t  Incrementg under EPA PSD Regulat ions . . . . 150 

Standard Deviat ions about t h e  Mean f o r  T r a j e c t o r i e s  O r i g i n a t i n g  
in Southern I l l i n o i s  . . . . . . . . . . . . . . . . . . . . . . 162 

Heal th  Impacts of S u l f a t e  Aerosol .  . . . . . . . . . . . . . . . 186 

I l l i n o i s  Coal Reserve Base and 1974 Product ion Levels  (106tdns)  . 205 

Indiana  Coal Reserve Base and 1974 Product ion Levels  ( l o 6  tons )  , 207 

Michigan Coal Reserve Base and 1974 Product ion Levels  ( l o 6  tons)  . 207 

C-4 Ohio Coal Reserve Base and 1974 Product ion Levels  ( l o 6  tons)  . . 208 



LIST OF TABLES (Cont 'd) 

T i t l e  Page - No. - 
D-1 . . . . . . . . . . . . . . . .  Low Flow Data by River  Reaches. 213 

Qual i ty  Standards f o r  Pub l i c  Water Supply f o r  t h e  I l l i n o i s ,  . . . . . . . . . . . . . . . . . . .  Rock, and Kaskaskia Rivers .  217 

. . . . . . .  Values of Parameters  f o r  Keaction Rates and Decay 224 

Annual Average Concentrat ions a t  I s o p l e t h s  and Local  ~aximum 
f o r  3000..MW Reference S o u r c e , i n  Se l ec t ed  Subregions (Fig.  7.4). 228 

Annual Average Concentrat ions at I s o p l e t h s  and Local Maximum 
i o r  C l u s t e r  of 'l'welve 3000-MW Reference Sources 111 SuuLl~e~l l  
I l l i n o i s  (Fig.  7.6) . . . . . . . . . . . . . . . . . . . . . .  232 

Annual Depos i t ions  at I s o p l e t h s  and Local  Maximum f o r  3000-MW 
Reference Sources i n  Se l ec t ed  Subregions (F ig .  7.4) . . . . . .  235 

Annual Deposi t ions at I s o p l e t h s  and Local  Maximum f o r  C l u s t e r  
of 12  3000 ..MW Reference Sources i n  Southern I l l i n o i s  (Fig.  7.6) 236 

Comparison of 24-hr Maximum Concent ra t ions  w i t h  D i f f e r e n t  Load . . .  Fac to r s  and Wind Speeds f o r  t h e  Reference 3000 MW Source. 237 

R e l a t i v e  Maximum Short-Term Concentrat ion as a Function of . . . . . . . . . . . . . . . . . . . . . . . . .  Averaging Time. 239 

Maximum Short-Term Concentrat ions at I s o p l e t h s  and Overa l l  
Maximum f o r  S ing le  and Clus te red  3000,.MW Reference Sources . . . . . . . . . . . . . . .  (Figs.  E-5, E-6) :  15-111h1 l l a ~ i u ~ u i ~ i .  2/10 

Maximum Short-Term Concentrat ions a t  I s o p l e t h s  and Overa l l  
Maximum f o r  S ing le  and C lus t e red  3000 ,MW Reference Sources . . . . . . . . . . . . . . .  (Figs.  E-5,E-6):  3-hrMaximum. 241 

Maximum Short-Term Concentrat ions at I s o p l e r h s  and Overall 
Maximum f o r  S i n g l e  and C lus t e red  3000 .MW Reference Sources . . . . . . . . . . . . . . .  (Figs.  E-5, E-6) : 24-hr Maximums 242 

S e n s i t i v i t y  of Maximum Short-Term Concentrat ion Es t imates  t o  . . . . . . . . . . . . . . . . . . . . . .  Se lec t ed  PazameLers 243 



PREFACE 

This s tudy was performed a s  a p a r t  of t h e  Argonne National  Laboratory 

Regional Studies  Program, which is sponsored by t h e  Assistant Administrator f o r  

Environment and Safe ty  of the  U.S. Energy Research and Development Administration. 

The purpose of t h e  Regional Studies  Program is  t o  a s sess  t h e  impacts 

and consequences associa ted  with a l t e r n a t i v e  energy opt ions  on a r eg iona l  

b a s i s ,  and t o  i d e n t i f y  and analyze a l t e r n a t i v e  mi t iga t ion  and s o l u t i o n  s t r a -  

t eg ies  f o r  increas ing the  a c c e p t a b i l i t y  of these  opt ions .  Program leadersh ip  

is provided by Argonne's Energy and Environmental Systems (EES) Division.  

The assessments a r e  conducted pr imar i ly  by s t a f f  from t h r e e  L&L Divisions:  

EES, Environmental Impact Studies  (EIS), and Biologica l  and Medical Research 

(BIM) . Other research i n s t i t u t i o n s  and consul tants  a l s o  con t r ibu te .  

The National Coal U t i l i z a t i o n  Assessment (NCUA), being conducted a s  a 

p a r t  of  t h e  ~ e ~ i o n a l  Studies  Program, focuses on impacts and c o n s t r a i n t s  on 

increased coal  u t i l i z a t i o n .  I n  add i t ion ,  a maj.or f o c a l  point  f o r  t h e  NCUA 1:s 
t h e  i d e n t i f i c a t i o n  and ana lys i s  of a l t e r n a t i v e  s o l u t i o n  s t r a t e g i e s  app l i cab le  

t o  these  c o n s t r a i n t s  and problems. 

This r e p o r t ,  which is an i n t e g r a l  p a r t  of  , the  NCUA, presents  an i n i t i a l  

assessment of the  p o t e n t i a l  f o r  impacts on h e a l t h  and environment from coa l  u t i -  

l i z a t i o n  i n  the  Midwestern s t a t e s  of I l l i n o i s ,  Indiana,  Michigan, M i ~ e s o t a ,  

Ohio, and Wisconsin. Volume I includes (1) a cha rac te r i za t ion  of t h e  energy 

demand and s i t i n g  scenar ios ,  coal-related'technologies, and coal  re,sources; 

and (2) the  r e l a t e d  impacts on a i r  q u a l i t y ,  water  a v a i l a b i l i t y ,  water  q u a l i t y ,  

and human hea l th .  Volume I1 includes (1) background informat'ion on the  n a t i v e  

ecosystems, c l imate ,  s o i l s ,  and a g r i c u l t u r a l  land use f o r  t h e  s i x  midwestern 

s t a t e s ;  and (2) a desc r ip t ion  of the  ecologica l  impacts expected from coal  u t i -  

l i z a t i o n  i n  Southern I l l i n o i s ,  which has ecosystems represen ta t ive  of a l a r g e '  

segment of t h e  s i x - s t a t e  a rea .  

The con t r ibu to r s  and t h e i r  r e s p o n s i b i l i t i e s  f o r  conducting t h i s  s tudy 

a r e  designated on the  following page. 

L.  John Hoover, Direc tor  
Regional Studies  Program , 

. Energy and Environmental Systems Division 
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ABSTRACT 

This r e p o r t  p re sen t s  an i n i t i a l .  eva lua t ion  o'f t h e  major . h e a l t h  and en- 

vironmental  i s s u e s  a s soc i a t ed  with increased  c o a l  u se  i n  t h e  s i x  midwestern. 

s t a t e s  of  I l l i n o i s ,  Indiana,  Michigan, Minnesota, Ohio, and Wisconsin. Using 

an  i n t e g r a t e d  assessment approach, t h e  eva1,uation proceeds from a base- l ine  

scena r io  of energy demand and f a c i l i t y  s i t i n g  f o r  1975-2020. Emphasis is 

placed on impacts from c o a l  e x t r a c t i o n ,  l and  rec lamat ion ,  coa l  combustion f o r  

e l e c t r i c a l . g e n e r a t i o n ,  and c o a l  g a s i f i c a t i o n .  The r a n g e . o f  p o t e n t i a l  impacts 

and c o n s t r a i n t s  is i l l u s t r a t e d  by a second s c e n a r i o  t h a t  r e p r e s e n t s  a n  ex- 

pected upper l i m i t  f o r  coa l  u t i l i z a t i o n  in I l l i n o i s .  

The fo l lowing  a r e  among t h e  more s i g n i f i c a n t  i s s u e s  i d e n t i f i e d  and 

evaluatLd i n  t h i s  s tudy:  

I f  environmental and r e l a t e d  i s s u e s  can b e  reso lved ,  
coa l  w i l l  cont inue  t o  be a major sou rce  o f  energy f o r  
t h e  Midwest, even with a t r a n s i t i o n  of  dependence t o  
o the r  energy forms. 

E x i s t i n g  s u l f u r  emission c o n s t r a i n t s  w i l l  i n c r e a s e  use  
of west e r n  coa l .  

The resource  requirements and environmental impacts of 
c o a l  u t i l i z a t i o n  w i l l  r e q u i r e  major s i g n i f i c a n t  environ- 
mental and economic t r a d e o f f s  i n  s i t e  s e l e c t i o n .  

Short-term (24-hr) ambient s tandards  .for s u l f u r  d iox ide  
w i l l  l i m i t  t h e  s i z e s  of coa l  f a c i l i t i e s  o r  r e q u i r e  ad- 
vanced c o n t r o l  technologies .  

. .. 

An impact on pub l i c  h e a l t h  may r e s u l t  from long-range 
t r a n s p o r t  of a i rbo rne  s u l f u r  emissions from c o a l  f a c i l i t i e s  
i n  t h e  Midwest. 

Inadequately c o n t r o l l e d  e f f l u e n t s  from c o a l  g a s i f i c a t i o n  
may cause v i o l a t i o n s  of water -qua l i ty  s t anda rds .  

The major eco log ica l  e f f e c t s  of coa l  e x t r a c t i o n  a r e  from 
pre-mining and post-reclamation land  use .  

S u l f u r  d ioxide  is t h e  major p o t e n t i a l  c o n t r i b u t o r  t o  e f f e c t s  
on v e g e t a t i o n  of atmospheric emissions from c o a l  f a c i l i t i e s .  



x v i i i  

EXECUTZVE SUMWRY 

This r epor t  presents  an i n i t i a l  i d e n t i f i c a t i o n  of t h e  region-specif ic  

impacts and c o n s t r a i n t s  a s soc ia ted  wi th  coal  u t i l i z a t i o n  i n  the  Midwest from 

now t o  the  yea r  2020. The repor t  i s . p a r t  of a s e r i e s  of i t e r a t i v e  analyses 

l ead ing  t o  f i n a l  assessments wi th in  t h e  National  Coal U t i l i z a t i o n  Assessment 

program sponsored by the  Ass i s t an t  Administrator f o r  Environment and Safety 

of t h e  U.S. Energy Research and Development Administration. This i n i t i a l  

assessment was l i m i t e d  t o  I l l i n o i s ,  Indiana,  Michigan, Minnesota, Ohio, and 

Wisconsin. The following i s  a b r i e f  summary of a l i m i t e d  number of t h e  more 

s i g n i f i c a n t  i s s u e s  i d e n t i f i e d  and evaluated i n  t h i s ' s t u d y ,  

I f  environmental and related issues can be resolved, coal w i l l  continue to  be 
a major source of energy for the Midwest. 

Even with a t r a n s i t i o n  of  dependence t o  o the r  energy forms, coal  can be 

expected t o  be important i n  t h e  Midwest f o r  e l e c t r i c a l  genera t ion 'and a s  a 

s u b s t i t u t e  f o r  dwindling supp l i e s  of o i l  and n a t u r a l  gas. A projec ted  moderate 

inc rease  i n  t o t a l  e l e c t r i c a l  generat ion of 5% per  year  over t h e  1975-2020 

per iod  implies a 3-4% annual inc rease  i n  coal  consumption f o r ' t h e  region,  even 

though the  f r a c t i o n  of generat ion from coal  decreases from 80% t o  50% during 

t h a t  period.  This p ro jec t ion  a l s o  assumes t h a t  i n d u s t r i a l  coal  demand w i l l  

continue and t h a t  more than a t h i r d  of the  r eg iona l  methane demand may b e  

suppl ied  by coal  g a s i f i c a t i o n  by 2020. Recent h i s t o r i c a l  p a t t e r n s  by com- 

par ison i n d i c a t e  a 6-7% annual inc rease  in e l e c t r i c a l  demand and a more modest 

1.5% annual inc rease  in coal  demand. 

Existing suLfur emission 'limitations w i l l  increase use of western coal. 

Without s i g n i f i c a n t l y  improved s u l f u r  removal, western low-sulfur coa l s  

w i l l  capture  an inc reas ing  por t ion  of t h e  midwestern coa l  market. The demand 

f o r  Western coa l  b y . u t i l i t i e s  in the  s i x - s t a t e  Midwest s tudy a rea  f o r  1975-2020 

may inc rease  more than tenfold .  P o t e n t i a l  problems wi th  the  capaci ty  of coal  

t r a n s p o r t a t i o n  systems must b e  determined. The acceptance of impacts of coal  

e x t r a c t i o n  and r e l a t e d  impacts in the  West w i l l  a l s o  b e  an important f a c t o r  in 

determining l e v e l  of western c o a l  i n  t h e  Midwest. 



xix 

The resource requirements and environmental impacts of coal-ut iZzat ion 
faci Zi t ies  w i  Z Z require environmentaZ and economic tradeoffs i n  s i t e  se lection. 

Available sites f o r  l a rge  energy f a c i l i t i e s  t h a t  a r e  near load c e n t e r s ,  

coal  resources,  and water resources a r e  nea r ly  exhausted. Total  regional  

water suppl ies  a r e  adequate, but water-resource management may increas ingly  

requ i re  const ruct ion of r ese rvo i r s ,  use of dry co'oling towers, o r  o ther  water- 

conservation methods i n  some subareas. Much of t h e  s i x - s t a t e  a r e a  i s  prime 

a g r i c u l t u r a l  land;  thus land use i ssues  may r e s t r i c t  const ruct ion of l a r g e  

rese rvo i r s .  These energy demands w i l l  a l s o  r e s u l t  i n  increasing pressure  t o  

use t h e  Great Lakes water resaurces ;  such use  is  constrained by heavy compe- 

t i t i o n  f o r  shore l ine  sites. Also, about hal f  of t h e  counties i n  t h e  region 

with coal  resources were projected t o  p o t e n t i a l l y  be faced i n  t h e  next 40 - 50 

years  with some l e v e l  of const ra in t  on f u r t h e r  s i t i n g  of coa l  f a c i l i t i e s  

because of background concentrat ions of a i r  po l lu tan t s .  

Short-tern (24-hr mmimwn) standards for su l fur  d<oxide zlrill Z i m i t  the s i ze s  
of coal f a c i l i t i e s  or w i l l  require advanced control technologies. 

With s u l f u r  dioxide (SOz) emissions a t  the  r a t e  allowable by New Source 

Performance Standards (NSPS) , 3000 MW is about t h e  maximum f a c i l i t y  s i z e  

poss ib le  without v i o l a t i o n  of National Ambient, A i r  Quality Standards. The 

designation of Class I a reas  under t h e  proposed Prevention of S ign i f i can t  

Deter iora t ion Regulations would f u r t h e r  l i m i t  f a c i l i t y  s i z e ,  o r  would r e q u i r e  

a reduction i n  emissions through advanced c o n t r o l  technology o r  a combination 

of low-sulfur coal  and flue-gas desu l fu r iza t ion .  Even with a l i m i t a t i o n  i n  

emissions equivalent  t o  300 MW with NSPS , new generat ion f a c i l i t i e s  may be 

excluded from buf fe r  zones of 30 miles o r  more surrounding t h e  Class I a reas .  

P a r t i c u l a t e  emissions a l s o  a r e  a c o n s t r a i n t ,  but l e s s  severe than SOz con- 

s t r a i n t s .  Current s tandards f o r  annual average a i r  q u a l i t y  w i l l  not  be a 

major cons t ra in t  on coal  u t i l i z a t i o n .  

An impact on public health may resul t  from long-range transport of airborne 
sulfur emissions from coal f a c i l i t i e s  i n  the Midwest. 

There is increas ing evidence t h a t  s u l f u r  emissions tha t  have.been 

t r a s f o r m e d  t o  a s u l f a t e  aerosol  can have an adverse e f f e c t  on t h e  exposed 



popula t ion .  Furthermore, t h e  e f f e c t  of s u l f a t e  may be  widespread because of 

i ts  long  r e s idence  time i n  t h e  atmosphere. From an i n i t i a l  model, it is  

e s t ima ted  t h a t  t h e  s u l f u r  emissions from an acce l e ra t ed  c o a l  u s e  r a t e  i n ,  

I l l i n o i s  could i n c r e a s e  annual s u l f a t e  concen t r a t ions  by 1.0 yg/m3 a s  f a r  away 

as t h e  n o r t h e a s t e r n  U.S. Models f o r  quan t i fy ing  t h e  h e a l t h  impacts a s s o c i a t e d  

w i t h  t h i s  i n c r e a s e  a r e  be ing  r eeva lua t ed .  pre l iminary  i n d i c a t i o n s  are t h a t ,  

w i t h  c u r r e n t  p o l l u t a n t  l e v e l s  i n  t h e  populous Northeast  and o t h e r  a r e a s ,  an 

increment of 1 .0 pg/m3 i n  s u l f a t e s  may have a s i g n i f i c a n t  h e a l t h  impact. 

Eff luents  from coal gasi f icat ion may cause vioZations of water-quality standards. 

I n  sample s tudy  a r e a s ,  a s i g n i f i c a n t  e f f e c t  on water q u a l i t y  w a s  found; 

it  was due i n  p a r t  t o  t h e  low *low voiume of t h e  r i v e r  and,  i n  p a r t ,  ca the  

assumed h igh  e f f l u e n t  loading  from t h e  g a s i f i c a t i o n  p l a n t s .  Although t h e  a c t u a l  

impacts a r e  u n c e r t a i n  because of l a c k  of d a t a  f o r  e f f l u e n t s ,  t h e  r e s u l t s  i n -  

d i c a t e  t h e  importance of f u r t h e r  s t u d i e s .  Drainage from mining a r e a s  and see- 

page from was te-d isposa l  s i t e s  and hold ing  ponds could a l s o . p o l l u t e  both  s u r f a c e  

and ground wa te r .  Coal-burning power p l a n t s  w i l l  probably n o t  cause a s e r i o u s  

impact on wa te r  q u a l i t y  i f  (1) t h e  d i scha rges  comply wi th  t h e  New Source Per- 

formance Standards (NSPS); and (2) r ece iv ing  waters  have a r e l a t i v e l y  h igh  

stream flow. 

Y'he major ecoZogicaL e f f e c t s  of coal extraction are iwlated t o  pre-rn$n<ng and 
post-recZamation Zand use. 

Because of t h e  l a r g e r  acreages  d i s t u r b e d ,  t h e  e c o l o g i c a l  e f f e c t s  of 

s u r f a c e  mining a r e  more ex tens ive  than  those  of deep mining. W i l d l i f e  s p e c i e s  

a s s o c i a t e d  w i t h  decidubus f o r e s t s  a r e  expected t o  be  more permanently a f f e c t e d  

by s u r f a c e  mining than  a r e  s p e c i e s  which i n h a b i t  p r a i r i e s  and a g r i c u l t u r a l  

l a n d ,  p a r t l y  because of t h e  much longer  t ime (5U-100 yea r s )  r equ i r ed  t o  te- 

e s t a b l i s h  t h e s e  f o r e s t s ;  a l s o ,  under c u r r e n t  rec lamat ion  p r a c t i c e s  i n  I l l i n o i s ,  

most of  t h e  reclaimed l and  is re tu rned  t o  a g r i c u l t u r a l  use .  The rec lamat ion  

of s t r ip-mined land t o  u se  i n  row-crop a g r i c u l t u r e  may r e q u i r e  10 y e a r s .  I f  

done p rope r ly ,  t h e  c r e a t i o n  of impoundments and f i n a l  c u t  r e s e r v o i r s  on 

s u r f  a c e a i n e d  land provides  new h a b i t a t  f o r  f i s h  and w i l d l i f e .  



Sutfw, dioxide is the major potential contributor to  e f fec ts  on vegetation of  
coa 2-re tated atmospheric 'emissions. 

For a 3000-MW p l a n t  meeting NSPS emissions, a c u t e  v i s i b l e  i n j u r y  t o  

s e n s i t i v e  vegeta t ion  may occur t o  an  area  of over 600 a c r e s  under extreme 

condit ions of 24-hr maximum concentrat ions coinciding with c r i t i c a l  'growth 

s t ages  of t h e  vegetat ion.  Regional a g r i c u l t u r a l  spec ies  s e n s i t i v e  t o  SO2 

inc lude  a l f a l f a ,  bar ley ,  o a t s ,  rye ,  wheat, and soybeans. Impacts  on vegeta t ion  

from t r a c e  elements is uncer ta in ;  however, p o t e n t i a l  impacts have been indi -  

cated f o r  a r s e n i c ,  f l u o r i d e ,  and cadmium. 



I OVERVIEW 

I .  I OBJECTIVES AND SCOPE 

A s  p a r t  of t h e  Regional Studies  Program being sponsored by t h e  Ass i s t an t  

Administrator f o r  Environment and Safe ty  of t h e  U.S. Energy Research and De- 

velopment Administration, Argonne National  Laboratory i s  con t r ibu t ing  t o  a  

National  Coal U t i l i z a t i o n  Assessment (NCUA). The NCUA; a  two-year program, 

is  to :  

(1) Iden t i fy  the  region-specif i c  impacts o f ,  and c o n s t r a i n t s  
on, coal  u t i l i z a t i o n  from now t o  the  year  2020. 

(2)  Analyze mi t iga t ion  s t r a t e g i e s  (options f o r  s i t i n g ,  en- 
vironmental c o n t r o l s ,  research and development programs, 
e t c . )  . 

Argonne's r o l e  i n  t h i s  s tudy is  t o  conduct the  above analyses i n  the  Midwest 

and t o  i n t c g r a t ' e  the  regional  r e s u l t s  of t h e  s e v e r a l  p a r t i c i p a t i n g  n a t i o n a l  

l a b o r a t o r i e s  i n t o  a  n a t i o n a l  perspect ive .  

This r e p o r t ,  an i n t e g r a l  p a r t  of t h e  NCUA, presents  an i n i t i a l  assess-  

ment of t h e  p o t e n t i a l  impacts on h e a l t h  and environment of coa l  u t i l i z a t i o n  
I 

i n  I l l i n o i s ,  Indiana,  Michigan, Minnesota, Ohio, and Wisconsin. A primary 

o b j e c t i v e  was t o  i d e n t i f y  t h e  major region-speci f ic  impacts o f ,  and c o n s t r a i n t s  

on, increased coal  mining and use of coal  a t  a  l e v e l  required t o  s a t i s f y  a  

major por t ion  of t h e  f u t u r e  energy demands of t h e  region.  This r epor t  is p a r t  

of a  s e r i e s  of i t e r a t i v e  analyses leading t o  f i n a l  assessments. A second re- 

l a t e d  o b j e c t i v e  of the  study was thus t o  i d e n t i f y  top ics  t o  be emphasized and 

t o  develop a  framework and a n a l y t i c a l  t o o l s  f o r  subsequent analyses .  These 

analyses w i l l  a l s o  extend the  scope t o  o the r  Midwestern s t a t e s ;  quant i fy  i n  

more d e t a i l  c e r t a i n  a spec t s ,  such a s  h e a l t h  e f f e c t s ;  and inc lude  a d d i t i o n a l  

ca tegor ies ,  such a s  l o c a l  socioeconomic e f f e c t s .  Because the  assessment 

process is  i t e r a t i v e ,  we wish t o  ob ta in  the  input  of a  wide audience; t h e  

reader is  inv i t ed  t o  comnent on the  repor t  and t h e  need f o r  a d d i t i o n a l  ana lys i s .  

Thio study focuses pr imar i ly  on the  e x t r a c t i o n  of coa l ,  e l e c t r i c a l  gene- 

r a t i o n  from i t ,  and coal  g a s i f i c a t i o n ;  and t h e i r  impact on a i r  q u a l i t y ,  pub l i c  

h e a l t h ,  water  a v a i l a b i l i t y ,  water  q u a l i t y ,  and t e r r e s t r i a l  and aqua t i c  eco- 

systems. 



The eva lua t ion  i n  Volume I proceeds from a b a s e l i n e  scena r io  of energy 

demand f o r  1975-2020 der ived  .from an  eva lua t ion  of c u r r e n t  problems and t r ends .  

A second scena r io  t h a t  r e p r e s e n t s  an expected upper l i m i t  f o r  c o a l  u t i l i z a t i o n  

i n  I l l i n o i s  i s  included t o  i l l u s t r a t e  t h e  range of p o t e n t i a l  impacts and con- 

s t r a i n t s .  To e s t a b l i s h  a r e f e r e n c e  po in t  f o r  f u t u r e  s t u d i e s ,  t h e  impacts of 

t h e  f a c i l i t i e s  f o r  gene ra t ing  e l e c t r i c i t y  from c o a l  o r  f o r  c o a l  g a s i f i c a t i o n  

were based on e f f l u e n t  l e v e l s  and r e source  requirements  f o r  e x i s t i n g  o r  dem- 

o n s t r a t e d  technology, cha rac t e r i zed  i n  t h e  r e p o r t .  A county-level  s i t i n g  

p a t t e r n  i s  developed f o r  u s e  i n  t h e  a r ea - spec i f i c  eva lua t ion  of t h e  impacts  

on t h e  a i r  and water  q u a l i t y  and t h e  consumption of water  and c o a l  a t t r i b u t a b l e  

t o  she  c o a l  s c e n a r i u s .  

I n  Volume I1 t h e  n a t i v e  ecosystems, c l ima te ,  s o i l s ,  and a g r i c u l t u r a i  

l and  u s e  wi th in  t h e  s i x - s t a t e  a r e a  a r e  descr ibed .  An i n i t i a l  assessulent of 

t h e  impacts on t h e s e  ecosystems from c o a l  u t i l i z a t i o n ' i s  p resented ;  t h e  a s se s s -  

ment i s  based on a ca se  s tudy  i n  southern  I l l i n o i s ,  which has ecosystems re-  

p r e s e n t i v e  of a l a r g e  segment of t h e  s i x - s t a t e  a r e a  and a p ro j ec t ed  i n t e n s e  

c o a l  development. 

The major t r e n d s ,  impacts,  and c o n s t r a i n t s  i d e n t i f i e d  by t h e  s tudy  a r e  

summarized i n  t h e  remainder of t h i s  s e c t i o n ,  a long w i t h  suggested d i r e c t i o n s  

f o r  f u t u r e  s t u d i e s .  

1 .2 ENERGY SUPPLY AND D E M D  

A c h a r a c t e r i z a t i o n  of energy supply and de~naild f o r  t h e  s i x - s t a t e  s tudy  

reg ion  was used i n  conjunct ion  wi th  a n  econometric a n a l y s i s  t o  develop s c e n a r i o s  

f o r  1985, 2000, and 2020. The r eg iona l  e l e c t r i c i t y  demand i n  t h e s e  s c e n a r i o s  

i n c r e a s e s  from 0.37 x l o 9  MWh i n  1975 t o  1 .3  x 10' MWh i n  2000, and 3 . 2  x 10' 

MJh i n  2020. (The growth of e l e c t r i c i t y  demand f o r  each of  t h e  s i x  s t a t e s  is  

shown i n  Fig.  1 . 1 ) .  A base-case scena r io  der ived  from recen t  t r ends  and 

p r o j e c t i o n s  of  energy p a t t e r n s  assumes t h a t  60% of t h i s  r e g i o n a l  demand is  

generated from coa l  i n  2000 and 50% i n  2020. A second scena r io  f o r  I l l i n o i s ,  

assuming a h ighe r  l e v e l  of u se  of t h e  abundant h igh-su l fur  I l l i n o i s  coa l s  i n  

l i e u  of  increased  n u c l e a r  genera t ion ,  is  based on 60% and 79% of  t h e  I l l i n o i s  

demand being generated from coa l  i n  2000 and 2020, r e s p e c t i v e l y .  The l a t t e r  

s cena r io  r e p r e s e n t s  a reasonable  upper bound f o r  coal-based energy gene ra t ion  

i n  I l l i n o i s ,  and thus  a n  upper bound on coa l - r e l a t ed  impacts .  
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Fig. 1.1 Baseline Scenarios f o r  S t a t e  Generation of E l e c t r i c i t y  



It was p r o j e c t e d  a d d i t i o n a l l y  t h a t ,  i n  t h e  I n t e r i o r  Coal Province s t a t e s  

of  I l l i n o i s  and Indiana ,  t h e r e  would be p l a n t s  f o r  producing high-Btu gas w i th  

a c a p a c i t y  t o t a l i n g  1750 x l o 6  sc f /day  i n  2000 and 4750 x l o 6  sc f /day  i n  2020. 

The s a l i e n t  f e a t u r e s  of c u r r e n t  problems and f u t u r e  t r ends  i n  energy 

. supply  f o r  t h e  reg ion  a r e  summarized below. 

While I l l i n o i s ,  Ind iana ,  and Ohio a r e  r e l a t i v e l y  r i c h  i n  
coa l ,  t h e  Midwest r eg ion ,  p a r t i c u l a r l y  Minnesota and 
Wisconsin, depends heav i ly  on f o s s i l  f u e l s  from o u t s i d e  
the  reg ion .  

Natural-gas sho r t ages  w i l l  f o r c e  cons ide rab le  conversion 
from use  of gas t o  use  of e l e c t r i c i t y  and c o a l .  I n s t a l l a -  
t i o n s  of e l e c t r i c  space hea t ing  are. growing a t  record  r a t e s  
i n  Ohio. Even wi th  irlcreasillg nufi~bers of ausfomers f o r  
e l e c t r i c  space h e a t i n g  and water  hea t ing  swi tch ing  from 
gas,  e l e c t r i c i t y  demand is f o r e c a s t  t o  d e c l i n e  £rom i ts  
h i s t o r i c  growth r a t e s  of 6.0-7.5% t o  about  4.0 o r  5% by 
1985 and even lower t h e r e a f t e r .  This gene ra l  decrease  i n  
demand growth w i l l  be somewhat g r e a t e r  f o r  Ohio and Michigan, 
f o r  which r e l a t i v e l y  slower inc reases  i n  popula t ion  and 
economic a c t i v i t y  a r e  f o r e c a s t .  

Some s t a t e s  i n  t h e  r eg ion  liiay slow capac i ty  growth by load- '  
management programs. Wisconsin is a l e a d e r  i n  t h i s  a r ea .  
E l e c t r i c  gene ra t ing  capac i ty  is f o r e c a s t  t o  grow a t . a b o u t  
t h e  same r a t e  a s  demand, a t  l e a s t  u n t i l  t h e  t u r n  of t h e  
century .  'l'he growth i n  capac i ty  by type  is shown i n  Fig. 
1 .2.  

A l t h s ~ i g h  c o a l  is now t h e  dominant source  of f u e l  f o r  e lec-  
t r i c a l  genera t ion  i n  a l l  s t a t e s  i n  t h e  reglull ,  several 
s t a t e s  ( I l l i n o i s ,  Ohio, and Michigan) have made heavy 
commitments t o  t h e  development of nuc lea r  power. I l l i n o i s  
is t h e  l ead ing  s t a t e  i n  t h e  use  of  n u c l e a r  power, wi th  about  
a  f o u r t h  of  its e l e c t r i c i t y  generated from nuc lea r  p l a n t s .  
This f r a c t i o n  .may r i s e  t o  n e a r l y  h a l f  by 1985. Deplet ion 
of c o a l  resources  and p o t e n t i a l  a i r -pol l -u t ion  problems a r e  
l i k e l y  t o  cause s i g n i f i c a n t  de;lines i n  t h e  use  of  coal- 
genera ted  e l e c t r i c i t y  a f t e r  2000. F igure  1 . 3  (b)  shows a  
p ro j ec t ed  mix o f  u t i l i t y  f u e l s  f o r  power gene ra t ion  i n  2020. 
I n  t h e  p r o j e c t i o n  nuc lea r  power cap tu re s  about h a l f  of t h e  
gene ra t ion  mix i n  every s t a t e .  

The sources  of t h i s  c o a l  f o r  2020 a r e  shown i n  Fig. 1 .4 .  
I l l i n o i s  is  t h e  only s t a t e  wi th  most of  i t s  c o a l  requirements  
produced i n  t h e  s t a t e .  Ohio and Indiana a r e  t h e  on'ly o t h e r  
s t a t e s  wi th  a  s i g n i f i c a n t  f r a c t i o n  of t h e i r  u t i l i t y  coa l  
needs produced l o c a l l y .  Much of t h e  imported c o a l  w i l l  b e  
from low-sulfur  Western coa l .  Imports of high-sulfur  c o a l  



F i g .  1.2 Baseline Scenarios for 6-State Total 
Electrical Generation Capacity 
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Fig. 1.4 Coal-Use Scenarios for Electrical Generation in the  Year 2020 



a r e  minimal in al l  states but  Ohio, which is  c l o s e  t o  
s i g n i f i c a n t  d e p o s i t s  of such c o a l  Fn Appalachia. 

Coal g a s i f i c a t i o n  may provide  a s i g n i f i c a n t  source  f o r  
product ion  of s y n t h e t i c  n a t u r a l  gas (SNG). Although 
demand f o r  gas (methane) is expected t o  grow ve ry  l i t t l e ,  
d e c l i n i n g  domestic product ion  may c r e a t e  s i g n i f i c a n t  m a r -  
k e t s  f o r  SNG by 2000. F igure  1.5 p r o j e c t s  t h e  t o t a l  demand 
f o r  methane i n  t h e  Midwest and t h e  propor t ion  of t h i s  de- 
mand suppl ied  by c o a l  gas .  It shows t h e  market f o r  c o a l  
gas  growing from 2% i n  1985 t o  38% by 2020. 

Si t l .ng patterns  f o r  the r equ i r ed  f a c i l i t i e s  were based on a county-level  

s c reen ing ,  which cons idered:  ( a )  proximity t o  water ,  c o a l  r e sou rces ,  and load  

c e n t e r s ;  and (b) exc lus ion  of a r e a s  w i th  h igh  popula t ion  d e n s i t y ,  conserva t ion  

p re se rves ,  and e x i s t i n g  moderate t o  h igh  l e v e l s  -of  a i r  p o l l u t i o n .  

E l e c t r i c a l  gene ra t ion  f a c i l i t i e s  of 3000-MW capac i ty  and coa l -gas i f i ca -  

t i o n  p l a n t s  ( h i g h - ~ t u  gas)  of 250 m i l l i o n  scf /day  capac i ty  (which a r e  n e a r l y  

equa l  i n  energy output  a t  t h e  p l a n t )  were used as s tandard  c a p a c i t i e s  f o r  new 

sites. The assumed 3000-MW capac i ty  f o r  e l e c t r i c a l  genera t ion  is c o n s i s t e n t  

w i t h  c u r r e n t  t r e n d s  in p ro j ec t ed  baseload capac i ty  a d d i t i o n s .  The assumed 

s i z e  f o r  t h e  g a s i f i c a t i o n  f a c i l i t i e s  conforms .to most engineer ing  des lgu  iulcl 

environmental  impact s t u d i e s  of coal g a s i f i c t + L l w ~ .  Collatraints  on o i t c  

a v a i l a b i l i t y  may r e v e r s e  t h i s  t r end  toward l a r g e  f a c i l i t i e s ;  however, t h e  

uniform assumption of l a r g e  p l a n t s  i n  t h i s  i n i t i a l  s tudy  w a s  used t o  determine 

importance of t hose  p o t e n t i a l  c o n s t r a i n t s .  

The p r i n c i p a l  c o n s t r a i n t s  and i s s u e s  r e l a t e d  t o  s i t i n g  can be  summarized 

RS f 0 1 1 0 ~ 6  : 

Choice sites f o r  l a r g e  energy f a c i l i t i e s  t h a t  a r e  n e a r  load 
c e n t e r s ,  c o a l  r e sou rces ,  and water  resources  a r e  n e a r l y  ex- 
haus ted  and f u t u r e  s i t f n g  w i l l  r e q u i r e  a t rade-off  betwccn 
t h e s e  f a c t o r s .  

The aggrega te  water  s u p p l i e s  of t h e  M i s s i s s i p p i  and Ohio 
rivers and t h e  Great Lakes a r e  s u f f i c i e n t  t o  supply energy 
needs. However, u se  of t h e s e  water  resources  i s  cons t ra ined  
by heavy competi t ion f o r  s h o r e l i n e  s i t e s  and by t h e  d i s t a n c e  
of t h e s e  r i v e r s  from many of t h e  l a r g e  load c e n t e r s .  



1 9 8 5 '  - 5 . 0  Q U A D S  

2 0 2 0  - 5.2  Q U A D S  

Fig. 1 . 5  Total Methane Demand in  Midwest and Proportion 
Supplied by Coal Feedstock 



Separa t ion  of t h e  a v a i l a b l e '  coal  and water from t h e  
.load c e n t e r s  w i l l  i nc rease  transmission requirements. 

The c o n s t r a i n t s  on use of water from t h e  major r i v e r s  
and Great Lakes w i l l  make const ruct ion  of r e s e r v o i r s  
on smaller streams more a t t r a c t i v e .  The advantages of 
energy f a c i l i t i e s  near  coal  resources ,  many of which 
a r e  f a r  from water supp l i e s ,  *a l so  encourage development 
of r e s e r v o i r s .  However, much of the  s i x - s t a t e  a r e a  is  
prime a g r i c u l t u r a l  land; t h i s  f a c t  must be  considered i n  
t h e  dec i s ion  on const ruct ion  of t h e  l a r g e  r e s e r v o i r s  
requi red  . 
Most coal  resources i n  t h e  region a r e  i n  a r e a s  of good 
a i r  q u a l i t y  and thus po l lu tan t  concentra t ion  can be  in- 
araaoad without v i o l a t i n g  otandardo. E~rccptiono are 
p a r t s  of e a s t e r n  Ohio; and t h e  Spr ingf ie ld ,  Peor ia ,  and 
Eas t  S t .  Louis, a reas  i n  c e n t r a l  I l l i n o i s ,  i n  which more 
a c t i v e  a i r -qua l i ty  management is  required.  

Comparison of t h e  1985 u t i l i t y  p ro jec t ions  wi th  t h e  2020 
s i t i n g  p a t t e r n s  ind ica tes  t h a t  t h e  t rends  i n  s i t i n g  im- 
p l i e d  by t h e  above i s sues  and c o n s t r a i n t s  a r e ,  t o  some 
e x t e n t ,  a l ready occurring.  

We emphasize t h a t  . t h e  r e s u l t s  of t h i s  ana lys i s  p a r t l y  depend on the  

s i t i n g  c r i t e r i a  and 'procedures used. The c o n s t r a i n t s  of 7-day/lO-year low 

flow were t h e  most r e s t r i c t i v e  because of t h e  assumption t h a t  new p l a n t s  

were 3000 MW and would pr imar i ly  u-se w e t  cooling towers, which consume l a r g e  

volumes of water .  

The a n a l y s i s  did not  dea l  wi th  s i t e - s p e c i f i c  i s sues  a t  t h e  subcounty 

l e v e l .  The occurrence of s e n s i t i v e  ecosystems such a s  aqua t i c  spawning 

grounds is  one such i s sue .  Others a r e  the  amenabil i ty of t h e  subsurface s o i l  

condi t ions  t o  f a c i l i t y  cons t ruct ion  o r  exis tence  of f lood p l a i n s  along r i v e r  

s h o r e l i n e s .  Nor were t h e  socioeconomic impacts of f a c i l i t i e s  considered. 

S ta te - to - s t a t e  energy t r a n s f e r s  may a l s o  b e , s i g n i f i c a n t  i n  determining s i t i n g  

p a t t e r n s  . 
< .  

Evaluation of p o t e n t i a l  c o n s t r a i n t s  on coa l  u t i l i z a t i o n  imposed by a i r -  

q u a l i t y  s tandards inc ludes  f i r s t ,  cons idera t ion  of current  and projec ted  

ambient background concentra t ions ;  and second, an a n a l y s i s  of increments of 

a i r  p o l l u t a n t s  a t t r i b u t a b l e  t o  t h e  coal-related processes.  



Ambient background concen t r a t ions  were cha rac t e r i zed  q u a l i t a t i v e l y  

by des igna t ing  each county i n  t h e . r e g i o n  a s  belonging t o  one of t h e  fo l lowing  

c a t e g o r i e s .  (The c a t e g o r i e s  a r e  l i s t e d  i n  o rde r  of decreas ing  c o n s t r a i n t  on 

coa l - r e l a t ed  energy developments. I f  more , than  one ca tegory  a p p l i e s  t o  a 

county t h e  most s eve re  c o n s t r a i n t  is  assumed): 

A i r  q u a l i t y  Maintenance Areas (AQMAs) 

Monitored Ambient Standard Vio la t ion  

High P ro jec t ed  Emission Density 

Moderately High P ro jec t ed  Emission Densi ty.  

A county i n  one of t h e  above c a t e g o r i e s  i s  n o t  n e c e s s a r i l y  e l imina ted  a s  

a s i t e  f o r  coa l  conversion o r  e l e c t r i c a l  gene ra t ion ,  bu t  f i n d i n g  a c c e p t a b l e  

s i t e s  would be i n c r e a s i n g l y  d i f f i c u l t  i n  coun t i e s  w i th  more seve re  c o n s t r a i n t s .  

Of t h e  111 count ies  i n  I l l i n o i s ,  Ind iana ,  and Ohio with coa l  r e sou rces ,  

12  have been des igna ted  a s  AQMAs by t h e  U.S. Environmental P r o t e c t i o n  Agency.. 

This des igna t ion  i n d i c a t e s  t h a t  t hese  coun t i e s  e i t h e r  now ha,ve problems i n  

meeting National  Ambient A i r  Qual i ty  Standards (NAAQS) o r  expect  problems i n  

maintaining them because of  pro jec ted  growth o r  development. 

An a d d i t i o n a l  12  coun t i e s  n o t  des igna ted  .as  AQMAs have had monitored 

v i o l a t i o n s  of NAAQS and w e r e . t h u s  placed i n  t h e  second ca tegory .  I n  each 

county t h e r e  had been v i o l a t i o n s  of t h e  s t anda rds  f o r  t o t a l  suspended par- 

t i c u l a t e  (TSP). Some v i o l a t i o n s  of t h e  s tandard  f o r  s u l f u r  d iox ide  occurred ,  

but on ly  a t  s i t e s  where TSP s tandards  had a l s o  been v i o l a t e d .  

By us ing  a  s imp l i fy ing  assumption t h a t  background emissions w i l l  i n c r e a s e  

i n  propor t ion  t o  popula t ion ,  an  a d d i t i o n a l  32 coun t i e s  i n  t h e  c o a l  r e sou rce  

reg ions  were p ro j ec t ed  by 2020 t o  be i n  t he  t h i r d  and f o u r t h  ca tegory  wi th  

moderate t o  high emission d e n s i t i e s  (def ined  a s  approximately equal  t o  o r  

g r e a t e r  than  emission d e n s i t i e s  i n  AQMA coun t i e s  o r  coun t i e s  having s t anda rds  

v i o l a t i o n s )  . 
Thus, i n  h a l f  o f  t h e  count ies  i n  t h e  reg ion  wi th  coa l  d e p o s i t s ,  a i r  

p o l l u t i o n  may be a  l i m i t i n g  f a c t o r  f u r  s i t i n g  c o a l  f a c i l i t i e s  i n  t h e  next  

40-50 y e a r s .  



The e v a l u a t i o n  of increments i n  air p o l l u t i o n  included an  a n a l y s i s  of 

(1) impacts from s i n g l e  f a c i l i t i e s ,  (2) impacts from a c l u s t e r  of. e l e c t r i c a l  

gene ra t ion  f a c i l i t i e s ,  and (3)  cumulative impacts from a l l  f a c i l i t i e s  i n  t h e  

r eg ion .  A l l  e l e c t r i c a l  gene ra t ion  f a c i l i t i e s  were assumed t o  emit p o l l u t a n t s  

a t  t h e  r a t e  allowed by c u r r e n t  New Source Performance Standards (NSPS). The 

r e s u l t s  f o r  TSP and SOz a r e  compared wi th  s t anda rds  i n  Tables 1.1 and 1.2.  

These r e s u l t s  i n d i c a t e  t h a t ,  even wi th  t h e  upper emission l e v e l  of t h e  s c e n a r i o  

f o r  I l l i n o i s  High Coal U s e ,  t h e  es t imated  increments i n  ambient p o l l u t a n t  l e v e l s  

from t h e  coal-based energy gene ra t ion  w i l l  n o t  cause v i o l a t i o n s  of t h e  annual  

average  NAAQS i f  a r e a s  w i th  e x i s t i n g  high concen t r a t ions  are avoided i n  s i t i n g .  

S i m i l a r l y ,  annual  average  increments from c o a l  f a c f l i t f e s  i n  areas des igna ted  

as Class I1 under proposed r e g u l a t i o n s  f o r  t h e  Prevent ion  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)* do n o t  c o n s t r a i n  c o a l  u s e ,  wi th  t h e  p o s s i b l e  except ion  of 

l a r g e  c l u s t e r s  of f a c i l i t y  sites. However, t h e  3000-MW f a c i l i t i e s  may v i o l a t e  

s t a n d a r d s  on t h e  annual average increment of s u l f u r  d iox ide  i n  a r e a s  des igna ted  

a s  Class I accord ing  t o  proposed PSD r e g u l a t i o n s .  

More c o n s t r a i n i n g  than t h e  annual  aver'age s tandards  a r e  t h e  short- term 

(3-hr,  24-hr) maximum s t anda rds .  The 24-hr maximum NAAQS f o r  s u l f u r  d iox ide  

(not  t o  be exceeded more than once per  year)  are w i t h i n  t h e  r ange  of u n c e r t a i n t y  

f o r  t h e  impact from t h e  s i n g l e  3000-MW coal-tfr .ed t a c i l i t y .  

The most s e v e r e  c o n s t r a i n t s  r e s u l t  from des igna t ion  of Class I a r e a s  

f o r  t h e  proposed PSD r e g u l a t i o n s .  Even wi th  r educ t ion  by a t a c t o r  of 1U i n  

emiss ions  (and maximum c o n c e n t r a t i o n ) ,  e l e c t r i c a l  gene ra t ion  f a c i l i t i e s  may 

b e  excluded from b u f f e r  zones of 30 m i l e s  o r  more surrounding t h e  Class I 

areas. This  c o n s t r a i n t  impl ies  u se  of smal le r  reduced f a c i l i t i e s  o r  develop- 

ment of more advanced c o n t r o l  methods. 

The percentage  of t h e  a l lowable  increments i n  TSP l e v e l s  from c o a l  

f a c i l i t i e s  is sma l l e r  t han  t h e  percentage f o r  s u l f u r  d ioxide .  However, 

because e x i s t i n g  background l e v e l s  f o r  TSP a r e  gene ra l ly  n e a r e r  t o  t h o s e  

allowed by t h e  s t a n d a r d s ,  s i t e s  must b e  s e l e c t e d  t o  minimize impacts of t h i s  

p o l l u t a n t .  There is no short- term s tandard  f o r  n i t r o g e n  ox ides ,  and t h e  

*PSD r e g u l a t i o n s  w e r e  included in t h e  Clean A i r  Act Amendments of 1977. The 
PSD eva lua t ion  i n  t h i s  r e p o r t  w a s  based on information a v a i l a b l e  a t  t h e  t i m e  01 

a n a l y s i s  and r e p r e s e n t s  t h e  p o t e n t i a l  c o n s t r a i n t  t o  s i t i n g  r e s u l t i n g  from nu- 
merous Class  I PSD a r e a s .  



Table 1.1. Comparison of A i r  Qual i ty  Standards f o r  SO2 w i t h  
Concentrat ions Resul t ing  from Coal U t i l i z a t i o n  

Maximum Concentrat ion,  pg/m3 

Annual 
24-hr Max 3-hr Max Average 

NAAQS 365 1300 80 .O 
PSD Class I Increment 5 2 5 2.0 
PSD Class  I1 Increment 100 700 15.0, 
3000 MW a t  NSPS 250-490 380-760 2.4, 
12  x 3000 MW C l u s t e r  a t  NSPS 450-900 690-1360 1 9  .O 
250 x l o 6  s c f l d a y  G a s i f i c a t i o n  21-25 32-38 0.2 
I l l i n o i s  High Coal U s e  

Scenario (2020) 5.9 

a 
60% Load Fac tor .  

Table 1.2.  Comparison of A i r  Qual i ty  Standards f o r  P a r t i c u l a t e s  
w i th  Concentrat ions Resul t ing  from Coal U t i l i z a t i o n  

Maximum Concentrat ion,  pg/m3 

24-hr Max 
Annual 
Average 

NAAQS 260 (i50a) 75 (60") 
PSD Class I Increment 10  5 
PSD Class  I1 Increment 30 
3000 MW a t  NSPS 21-41 

lo b 
0.2b 

12 x 3000 MW C l u s t e r  at NSPS 37-74 1 . 6  
250 x 10  s c f l d a y  HYGAS 1.8-2.1 0.02 
I l l i n o i s  High Coal Use 
Scenario (2020) - 0.5 

a~econda ry  Standard.  

b60% Load Factor .  



annual s tandard would have minimal e f f e c t .  Nitrogen oxides and o the r  consti-, 

t u e n t s  of power-plant s t a c k  gas may a f f e c t .  t h e  generat ion of photochemical 

oxidants ,  b u t  r e s u l t s  are too inconclusive t o  al low assessment of f u t u r e  con- 

s t r a i n t s ,  Coal f a c i l i t i e s  produce carbon monoxide po l lu t ion ,  bu t  t h e  l e v e l s  

a r e  i n s i g n i f i c a n t  when compared wi th  t h a t  allowed by t h e  standard.  Current 

a i r -qua l i ty  regu la t ions  put fewer r e s t r a i n t s  on s i t i n g  of g a s i f i c a t i o n  p l a n t s  

than on power p lan t s .  F u l l  assessment of t h e  impact on a i r  q u a l i t y  from 

coal -gas i f ica t ion emissions w i l l  r e q u i r e  f u r t h e r  evaluat ion of o t h e r  pot en- 

t i a l l y  hazardous emissions. 

1.6 H E ' T I .  EFFECTS 

There, i s  increas ing evidence t h a t  s u l f a t e  aerosols  formed from s u l f u r  

emissions endanger t h e  h e a l t h  of t h e  exposed population. Furthermore, s u l f a t e s  

may have widespread impact because they remain i n  the  atmosphere f i v e  days o r  

more before  removal by n a t u r a l  processes.  For example, Fig. 1.6 i l l u s t r a t e s  

emissions r e s u l t i n g  from t h e  scenar io  f o r  I l l i n o i s  high coa l  use i n  2020. 

Although t h e  r e l a t i o n s h i p  between dose r a t e  and mor ta l i ty  f o r  human exposure 

t o  s u l f a t e s  has  not .  been f i rmly es tab l i shed ,  a preliminary model es t imates  
. . 

t h a t  t h e  approximate 1.0 pg/m3 increment i n  Fig. 1.6 f o r  t h e  populous North- 

e a s t e r n '  U.S . would increase  t h e  mor ta l i ty  r a t e .  by. 0.25%. 

AVERAGE SO,, & 
@ 3.0 0 1 . 8  00.60 

Fig. 1.6 Cumulative Long-Range S u l f a t e  Concentrations 
f o r  I l l i n o i s  High Coal U s e  Scenario 



Emissions from coal-conversion f a c i l i t i e s  conta in  many o the r  p o l l u t a n t s ,  

which, a t  high enough concentra t ions ,  cause adverse h e a l t h  e f f e c t s  e i t h e r  in- 

d iv idua l ly  o r  i n  combination with o t h e r  environmental condit ions.  However, 

information is i n s u f f i c i e n t  t o  evaluate  the  impact of these  p o l l u t a n t s  a t  t h e  

low concentrat ions produced from coal  use. A b r i e f  q u a l i t a t i v e  d iscuss ion of 

these  p o t e n t i a l  hea l th  impacts i s . p r e s e n t e d  i n ' t h i s  s tudy repor t .  

1.6 IMPACTS OF WATER CONSUMPTION 

For each major r i v e r  bas in  , in  t h e  s i x - s t a t e  a r e a ,  water  a v a i l a b i l i t y  

f o r  f u t u r e  energy development was evaluated.  The evaluat ion  included a ca l -  

cu la t ion  of d i r e c t  water requirements f o r  the  projec ted  f a c i l i t i e s  f o r  steam 

power generat ion and f o r  coa l  g a s i f i c a t i o n  and a comparison of requirements 

wi th  n a t u r a l  a v a i l a b i l i t y .  Wet cooling towers and moderate water-conservation 

p rac t i ces  f o r  coa l  g a s i f i c a t i o n  were assumed. For the  i n i t i a l  a n a l y s i s ,  t h e  

7-dayIl0-year low flow a t  t h e  mouth of each bas in  was used t o  represent  the  . 

n a t u r a l  a v a i l a b i l i t y .  The r e s u l t s  of t h e  ana lys i s  a r e  summarized i n  Table 1 . 3  

f o r  the  major regional  hydrological  bas ins .  These r e s u l t s  show t h a t  t h e  

aggregate water resowrces of  the  Great Lakes and Ohio and Miss iss ippi  Rivers 

a r e  adequate t o  supply the  o v e r a l l  energy-production requirements. However, 

a more d e t a i l e d  evaluat ion  of subareas r evea l s  p o t e n t i a l  c o n f l i c t s  with o t h e r  

water users  and, a s  discussed i n  Sec. 1.3,  n a t u r a l  flows a r e  d e f i c i e n t  in re- 

gions t h a t  a r e  a t t r a c t i v e  f o r  energy f a c i l i t i e s  because coa l  resources o r  load  

c e n t e r s  a r e  near .  

To i l l u s t r a t e  the  poten.t,i..al. a r e a s  of s p e c i f i c  c o n f l i c t s  i n  water use,  

more d e t a i l e d  evaluat ions  were conducted f o r  t h e  Rock, I l l i n o i s ,  and Kaskaskia 

River ~ a s h s  in I l l i n o i s .  (These evaluat ions  were f o r  the  I l l i n o i s  High Coal 

Use Scenario t o  emphasize the  r e l a t ionsh ips  t o  coa l  use.) The r e s u l t s  a r e  

$hsm in Table 1.4. 

Water supply w i l l  be s u f f i c i e n t  t o  support  the  projec ted  energy develop- 

ments on the  I l l i n o i s  and Rock R i v e r s . i n  202'0, mainly because of abundant sur-  

f ace  and ground water in these  bas ins  and development of p o t e n t i a l  r e se rvo i r s .  

However, increas ing uses could reduce stream flow enough t o  cause c o n f l i c t s  i n  

demand. 



Tab12 1.3. Energy F a c i l i t i e s  and Related Water Consumption 
f o r  Major Regional Basins 

To ta l  E l e c t r i c a l  Coal R,=lated Water 
WRC Generating G a s i f i c a t i o n  Consumption i n  2020 
Aggregated Capaci ty,  M W ~  Capacity i n  2020, % 7dayllOyr 7day/10yrb 
Subareas Basin 1980 2020 l o 6  scf /day  cf  .3 low flow low flow 

401 Lake Superior  2,522 14,136 

402-404 Lake Michigan 22,520 73,006 

405 Lake Huron 3;682 25,696 

406-407 Lake E r i e  19,574 92,209 

502,503 
506,507 Ohio River 43,594 207,398 

701-705 Upper Miss i s s ipp i  
River 50,114 167,693 

a Does n o t  inc lude  po r t ions  of bas ins  o u t s i d e  s tudy a r e a .  

b ~ e p r e s e n t s  low flows of cumulative bas in  d ischarge ,  i .e . ,  thk low flow of t h e  Ohio and Miss i s s ipp i  
~ i v e r s '  a t  t h e i r  confluence near Cairo,  I l l i n o i s . .  



Table 1 .4 .  Water Requirements and A v a i l a b i l i t y  ( c i s )  i n  Se l ec t ed  
River Basins f o r  I l l i n o i s  High Coal U s e  Scenar io  (2020) 

I l l i n o i s  Rock Kas kaskia  

Consumption 

Municipal and I n d u s t r i a l  

A g r i c u l t u r a l  

Mining 

E l e c t r i c a l  Generation and 
Coal G a s i f i c a t i o n  

TOTAL 

Instream Uses 

Hydroe lec t r i  c Power 

Commercial Navigation 

Recreat ion,  F ish ,  and 
W i l d l i f e  

Water Qual i ty  Management 

Water A v a i l a b i l i t y  ' 

Stream Flow 

7-dayIl0-yr Low Flow 

Median Flow 

Lakes and Reservoirs  

Ground Water 

The Kaskaskia River Basin has a smal le r  water  supply than  t h e  I l l i n o i s  

and Rock River Basins  and h igher  water demand. I f  t h e  water  demand of t h e  

energy scena r io  f o r  t h e  year  2020 is t o  be met, s e r i o u s  c o n f l i c t s  i n  water  

u se  could a r i s e .  Thus, a l t e r n a t i v e  technologies ,  s i t i n g  r e s t r i c t i o n s  and/or  

i n c r e a s e  i n  water resources  (e .g . ,  impor ta t ion  from o t h e r  b a s i n s  o r  r e g u l a t i o n  

of s t ream flows by r e s e r v o i r s )  should be  sought .  

I n  summary, f o r  t h e  s i t i n g  requirements  of t h e  energy s c e n a r i o  beyond 

t h e  year  2000, t o t a l  water  s u p p l i e s  a r e  adequate  but  water-resource management 

i n  t h e  reg ion  may inc reas ing ly  r e q u i r e  c o n s t r u c t i o n  of r e s e r v o i r s ,  use  of d r y  

cool ing  towers, o r  o t h e r  water-conservat ion methods i n  s e l e c t e d  subareas .  



These energy demands w i l l  a l s o  i n c r e a s e  p re s su re  t o  u s e  Great Lakes water ;  

doing s o  would r e q u i r e  more emphasis on sound management of c o a s t a l  zones. 

The impacts and c o n s t r a i n t s  a s s o c i a t e d  wi th  use  of t h e  Great  Lakes w a t e r  were 

n o t  considered i n  d e t a i l  i n  t h e  s tudy .  

1.7 IMPACTS ON WATER QUALITY 

I n  c o a l  f a c i l i t i e s ,  waste s t reams result from c l ean ing  of s t a c k  gases ;  

s o f t e n i n g ,  n e u t r a l i z a t i o n ,  and demine ra l i za t ion  of b o i l e r  water ;  .blowdown from 

p l a n t  processes ;  cool ing  and c leaning  of  r a w  gases ;  quenching of  g a s i f i e r  a s h  . 

and removal of s l u r r y ;  runoff  from c o a l  s t o r a g e  p i l e s ;  and o t h e r  sources.  

E f f l u e n t  concen t r a t ions  were es t imated  f o r  t hese  waste  s t reams and, a s  an 

i n i t i a l  i n d i c a t o r  of  p o t e n t i a l  p o l l u t i o n ,  t h e  cumulative loadings  f o r  s i g n i £ i -  

c a n t  p o l l u t a n t s  were c a l c u l a t e d  f o r  each  major r i v e r  b a s i n  i n  t h e  s tudy  a r e a  

on t h e  b a s i s  of t he  p ro j ec t ed  s i t i n g  p a t t e r n s .  A s  wi th  t h e  e f f e c t s  on water  

u s e ,  t h e  n a t u r e  and e x t e n t  of e f f e c t s  on water  q u a l i t y  from t h e s e  load ings  is 

a rea - spec i f i c ,  depending on t h e  e x i s t i n g  water  q u a l i t y  and the  hydro logic  

c h a r a c t e r i s t i c s  of t h e  r e c e i v i n g  water .  

To i l l u s t r a t e  t h e  impacts on w a t e r ' q u a l i t y  of t h e s e  p o l l u t a n t  l oad ings ,  

a n a l y s e s  were made f o r  t h e  I l l i n o i s  and Kaskaskia Rivers  i n ' I l l i n o i s .  Both 

r i v e r s  flow through t h e  .a'reas of I l l i n o i s  c o a l  r e sou rces  and r e p r e s e n t  a  range 

of  h igh  and low flow r a t e s .  The r e s u l t s  a r e  summarized i n  Table 1 .5 .  The 

s t anda rds  i n d i c a t e d  a r e  based on use of t h e  r i v e r  f o r  a q u a t i c  l i f e ,  a g r i c u l t u r e ,  

i n d u s t r y ,  food p roces s ing ,  pub l i c  water  supply,  and primary con tac t  uses .  

We conclude from t h e  s tudy  of t h e  I l l i n o i s  River and a  s i m i l a r  s tudy of . 

t h e  sma l l e r  Rock River  i n  I l l i n o i s  t h a t  coal-burning power p l a n t s  w i l l  probably 

n o t  s e r i o u s l y  reduce water  q u a l i t y  i f  (1) t h e  d ischarges  comply w i t h  the  New 

Source Performance Standards  (NSPS), and (2)  r ece iv ing  wa te r s  have a  d i l u t i o n  

c a p a c i t y  equ iva l en t  t o  t h e s e  r i v e r s .  These r e s u l t s  a r e  s t rengthened  by t h e  

f a c t  t h a t  t h e  a n a l y s i s  was based on  t h e  upper l i m i t  o f  c o a l  u se  i n  I l l i n o i s  

r ep re sen ted  by t h e  h igh  c o a l  u s e ' s c e n a r i o .  

The NSPS f o r  coal-conversion f a c i l i t i e s  have n o t  been e s t a b l i s h e d .  

For t h i s  a n a l y s i s ,  approximate p o l l u t a n t  l oad ings  were used f o r  t h e  Kaskaskia 

River ,  where two g a s i f i c a t i o n  p l a n t s  and one power p l a n t  would be  s i t e d  i n  

t h e  2020 scena r io .  A s i g n i f i c a n t  e f f e c t  on water  q u a l i t y  was found ( see  



Table 1 .5 .  Impacts of Coal Conversion on Water Qual i ty  i n  Se lec ted  
Rivers  f o r  High Coal Use Scenario (2020) 

I l l i n o i s  Rivera 
Background Increment 

Kaskaskia River 
b 

Background Increment Standard 

SOL,'' I' 

Cyanides " 
TSS I' 

Cd, u g / l  

C r  11 

Phenols " - - 1.4-6.0 50-130 1 

a' 
37,255 M4 capac i ty  from c o a l  a t  WSPS (where a p p l i c a b l e ) ;  70% load  f a c t o r .  

b1858 MW capac i ty  from c o a l  a t  NSPS (where a p p l i c a b l e ) ;  70% load  f a c t o r ;  500 x l o 6  s c f l d  g a s i f i c a t i o n .  
C 

Underlined va lues  exceed s tandards .  

d ~ a t a  not  a v a i l a b l e .  



Table 1.5);  t h e  e f f e c t  is due i n  p a r t  t o  the  low flow volume of the  r i v e r  and 

in p a r t  the  high e f f l u e n t  loading,  . p a r t i c u l a r l y  from the ,  g a s i f i c a t i o n  p lan t s .  

The assumed e f f l u e n t s  from these  p l a n t s  .ti.ould con t r ibu te  t o  v i o l a t i o n  of 

s tandards  f o r  phenols, cyanide, ammonia, copper, and l e a d ,  e s p e c i a l l y  during 

low flow. The a c t u a l  impact l e v e l s  a r e  ~ n c e r t a i n  because of l a c k  of  da ta  f o r  

e f f l u e n t s  from g a s i f i c a t i o n  f a c i l i t i e s ;  thus f u r t h e r  s t u d i e s  t o  remove those  

u n c e r t a i n t i e s  a r e  needed. 

Drainage from mining a r e a s  and seepage from waste-disposal s i t e s  and 

holding ponds could se r ious ly  p o l l u t e  both su r face  and ground water .  Fur ther  

assessments are required t o  determine t h e i r  poss ib le  impacts. 

I .  8 IMPACTS OF COAL EXTR4CY'ION ON T E B S T R I A L  ECOSYSTEMS 

Analysis of t h e  impacts of s u r f a c e  and deep mines showed t h a t  deep 

mining i n  southern I l l i n o i s  would have less eco log ica l  e f f e c r  than wotlld 

s u r f a c e  mining. Impacts from deep mines r e s u l t  pr imar i ly  from t h e  deposi t ion  

of gob and s l u r r y  during coal  prepara t ion .  Land used f o r  t h i s  deposi t ion  cannot 

be  used f o r  o t h e r  purposes, and a c i d i c  runoff from gob p i l e s  damages l o c a l  

vegeta t ion  and p o l l u t e s  t h e  watershed. 

Unlike deep mining, s u r f a c e  mining d i s r u p t s  l a r g e  a reas .  From 1975 t o  

1985, s t r i p  mining t o  supply a 3000-MW coal - f i red  power p l a n t  was projec ted  t o  

r e q u i r e  an average of 440 ac res  per  yea r  i n  seven I l l i n o i s  count ies .  Acreage 

mined t o  supply t h e  same p lan t  w i l l  i nc rease  a s  th inner  coa l  seams a r e  mined. 

I n  genera l ,  w i l d l i f e  of deciduous f o r e s t s  a r e  expected t o  be more per- 

manently a f f e c t e d  by su r face  mining than a r e  spec ies  t h a t  inhab i t  p r a i r i e s  and . 

a g r i c u l t u r a l  pas tu re  lands .  Since most cu r ren t  reclamation amendments r e q u i r e  

r e t u r n  of mine s p o i l s  t o  a grass land o r  a mixture of a g r i c u l t u r a l  p a s t u r e  and 

g r a i n  crops,  w i l d l i f e  species  t y p i c a l  of p r a i r i e s  a r e  expected t o  recolonize  

t h e  mined a r e a  once reclamation is  complete. Vegetation and w i l d l i f e  t y p i c a l  

of mature, deciduous f o r e s t s  a r e  no t  expected t o  become es tab l i shed  on mine 

s p o i l s  f o r  50-100 years  i f  secondary succession is  allowed t o  t ake  i ts  course. 

Reducing the  acreage of upland deciduous f o r e s t  and f o r e s t  edge w i l l  e l imina te  

h a b i t a t  f o r  such common game spec ies  a s  t h e  fox  s q u i r r e l ,  gray s q u i r r e l ,  e a s t e r n  

c o t t o n t a i l ,  and whi te- ta i led  deer .  Songbirds, such thrushes ,  woodpeckers, t h e  
9 

red-eyed v i reo  and ovenbird w i l l  a l s o  be displaced from fo res ted  a reas  being 

mined. 



The e f f e c t  on a g r i c u l t u r a l  land of s t r i p  mining w i l l  be l e s s  and w i l l  

be more temporary than t h e  e f f e c t  on f o r e s t s .  Following is  the  projec ted  d i s -  

turbances in 2020 of a g r i c u l t u r a l  land;  t h e  p ro jec t ions  a r e  based on the  

I l l i n o i s  High Coal U s e  Scenario. 

County 

Ga l l a t  i n  

Jackson 

Madison 

Perry 

Randolph 

S t .  C l a i r  

Williamson 

Tota l  Acres 
i n  Row Crops 

Tota l  'Acres 
Disturbed 

Area 
Disturbed, .  % 

Under cu r ren t  I l l i n o i s  reclamation laws, most of t h i s  l and  w i l l  be re- 

turned t o  some form of a g r i c u l t u r e .  Rapid establishment of high-income crops,  

such a s  corn,  soybeans, and o a t s ,  w i l l  r equ i re  extens ive  f e r t i l i z a t i o n .  Return - 
of strip-mined land t o  row-crop a g r i c u l t u r e  may requ i re  10 years  from t h e  time 

of f i r s t  disturbance.  I n i t i a l  reclamation w i l l  be mostly t o  grass lands .  The 

changes i n  land use and the  associa ted  eco log ica l  and economic impacts from 

increased s t r i p  mining a r e  the  major i s s u e s  t o  be considered be fo re  f u t u r e  mine 

development. The changes i n  land use w i l l  cause the  g r e a t e s t  impact on ter- 

r e s t r i a l  ecosystems r e s u l t i n g  from increased coa l  mining i n  southern I l l i n o i s .  

The e n t i r e  land-use i s s u e  warrants extens ive  study t o  accura te ly  p r e d i c t  t h e  

long-term impacts of su r face  mining. 

1.9 IMPACTS ON AQUATIC ECOSYSTEiUS 

Impacts on s p e c i f i c  aqua t i c  ecosystems from development of coa l  mines 

and prepara t ion  . .  p lan t s  depend on the  l o c a t i o n  of coa l  reserves  and types of  

mining. Impacts of premining a c t i v i t i e s  (e .g . ,  vegeta t ion  removal, con- 

s t r u c t i o n  of haul  roads,  and p i t  excavation) a r e  expected t o  be n e g l i g i b l e  i f  

e ros ion is  contro l led .  Impacts from opera t ions  have resu l t ed  from o f f - s i t e  

d isposal  of  mineral-laden e f f l u e n t  pumped t o  l o c a l  waterways from sumps i n  

low a reas  of t h e  mine p i t .  I n  some of southern I l l i n o i s ,  a s  i n  Sa l ine  County, 

a c i d  mine drainage has caused po l lu t ion .  These discharges a r e  now chemically 

t r e a t e d ,  t h e  ac id  is neu t ra l i zed ,  and r e s u l t i n g  e f f l u e n t  is passed through 



s e t t l i n g  bas ins  t o  prevent  damage t o  t h e  l o c a l  water  and t h e  a q u a t i c  b i o t a .  

Thus, a c i d i c  mine d ra inage  from f u t u r e  i n d i v i d u a l  mines should n o t  endanger 

t h e  b i o t a .  

The a n a l y s i s  of impacts on a q u a t i c  ecosystems considered t h e  p o s s i b i l i t y  

of a tmospheric  emissions from combustion being depos i ted  and e n t e r i n g  s u r f a c e  

wa te r s  through runoff o r  leaching .  The l i k e l i h o o d  of  s i g n i f i c a n t  i n c r e a s e  i n  

s u r f a c e  water a c i d i t y  from t h i s  mechanism i s  considered low. A conse rva t ive  

(worst-case) e s t i m a t e  of depos i t i on  of t h e  atmospheric p o l l u t a n t s  i n d i c a t e s  a 

p o s s i b l e  measurable i n c r e a s e  i n  t r a c e  elements ,  however. 

No adverse  impact3 on a q u a t i c  b i o t a  a r c  cxpcctcd from eool ing  water  f o r  

e l e c t r i c a l  gene ra t ion .  I n  a l l  l o c a t i o n s  t h e  volume of makeup water  r equ i r ed  

and t h e  s i z e  of t h e  i n t a k e  s t r u c t u r e  i n d i c a t e  t h a t  impacts  from impingement 

and entrainment  should be  n e g l i g i b l e .  Cons t ruc t ion  of t h e  blowdown-discharge 

s t r u c t u r e  may cause a temporary adverse  a f f e c t  on some ben th i c  i n v e r t e b r a t e s .  

Local ized thermal g r a d i e n t s  w i l l  be e s t a b l i s h e d  n e a r  t h e  d i scha rge  s t r u c t u r e  

b u t  a r e  not  expected t o  adverse ly  a f f e c t  f i s h  o r  most o t h e r  a q u a t i c  b i o t a .  

No f a r - f i e l d  impacts on a q u a t i c  b i o t a  from t r a c e  elements i n  aqueous e f f l u e n t s ,  

impingement, entrainment ,  o r  thermal e f f e c t s  a r e  expected from a s i n g l e  e lec-  

t r i c a l  genera t ion  p l a n t .  For power p l a n t s  s i t e d  on r e s e r v o i r s  t h e s e  impacts 

a r e  expected t o  be l i m i t e d  only  t o  t h e  r e s e r v o i r .  

The number of  new s u r f a c e  mines i n  c e r t a i n  p a r t s  of t h e  t h r e e  r i v e r  

b a s i n s  may b e  l i m i t e d ,  however, by l a c k  of  enough d i l u t i o n  water  i n  some head- 

water  s t reams t o  i n s u r e  t h a t  water  q u a l i t y  s t anda rds  a r e  maintained.  From 

t y p i c a l  assumptions of  s t ream flow r a t e s ,  d i scharge  e f f l u e n t  s t anda rds ,  and 

mine e f f l u e n t s  discharged i n t o  l o c a l  waterways, t h e  fo l lowing  number of  new 

s u r f a c e  mines wi th  1000-gpm discharge  a r e  considered f e a s i b l e  w i t h i n  t h e  nex t  

50 y e a r s  f o r  t h e  t h r e e  dra inage  bas ins :  Kaskaskia River,  10; Big Muddy River,  

5-10; and S a l i n e  River ,  none. 

Crea t ion  of impoundments and f ina l - cu t  r e s e r v o i r s  on surface-mined l and  

provides  new h a b i t a t  f o r  f i s h  and w i l d l i f e .  I n  t h e  Kaskaskia and S a l i n e  River 

d ra inage  bas ins  s t r i p  mining has increased  t h e  amount of a q u a t i c  h a b i t a t  by more 

than  300%. The c r e a t i o n  of f i n a l - c u t  r e s e r v o i r s  i s  n o t  expected t o  g r e a t l y  

a l t e r  t h e  d i s t r i b u t i o n  p a t t e r n s  of w in te r  r e s i d e n t  water  fowl. The b i o l o g i c a l  

p r o d u c t i v i t y  and water  q u a l i t y  of t h e s e  r e s e r v o i r s  need f u r t h e r  s tudy .  The ' 



p o t e n t i a l  long-range uses of the  r e s e r v o i r s  can b e  determined only a f t e r  con- 

s l d e r a b l e  da ta  on s o c i a l ,  economic, and environmental e f f e c t s  a r e  obtained 

and analyzed. 

1.10 ECOLOGICAL IMPACT OF ATMOSPHERIC POLLUTANTS 

Analysis indica ted  t h a t  s u l f u r  dioxide is  the  only primary gaseous 

p o l l u t a n t  r e s u l t i n g  from opera t ion  of a 3000-MW plan t ,  s i t e d  s ing ly  o r  i n  

c l u s t e r s ,  t h a t  may have measurable ecologica l  impacts. For a s i n g l e  model 

p lan t ,  based on 24-hour maximum emission values,  the  t o t a l  a r e a  i n  which acu te  

v i s i b l e  in ju ry  t o  s e n s i t i v e  vegeta t ion  may occur is  about 608 ac res .  For 

twelve c lus te red  3000-MW p l a n t s ,  s e n s i t i v e  vegeta t ion  could be  i n j u r e d  i n  more 

than 22,000 ac res .  The a r e a  i n  which threshold  t o  severe  i n j u r y  t o  s e n s i t i v e  

vegeta t ion  may occur would approach 6400 ac res .  I n  each impacted a r e a  v i s i b l e  

i n j u r y  would be i n  the  form of l e a f  nec ros i s  o r  ch lo ros i s .  The s e v e r i t y  of 

the  impact would be d i r e c t l y  r e l a t e d  t o  the  percentage of a r e a  of t h e  p a r t i -  

c u l a r  vegeta t ion  t h a t  is in jured .  Regional a g r i c u l t u r a l  spec ies  s e n s i t i v e  t o  

s u l f u r  dioxide include a l f a l f a ,  ba r l ey ,  o a t s ,  rye ,  wheat, and soybeans. Damage 

by s u l f u r  dioxide tq  a g r i c u l t u r a l  crops.would make a c l u s t e r  of 12 p l a n t s  en- 

vironmentally unacceptable. 

The impact ana lys i s  of atmospheric p a r t i c u l a t e  concentra t ion  and de- 

pos i t ions  d e a l t  only with a r s e n i c ,  beryl l ium, '  cadmium, f l u o r i d e ,  l e a d ,  and 

selenium. For c lus te red  s i t i n g ,  a r s e n i c  may adverse ly  a f f e c t  vegeta t ion  of , 

low to le rance  (e.g.,  soybeans). Impacts on vegeta t ion  a r e  uncer ta in ,  however, 

because of the  conservative assumptions and o t h e r  u n c e r t a i n t i e s  of the  ana lys i s .  

Beryllium deposi t ion  is no t  expected t o  damage vegeta t ion ,  nor  a r e  cadmium 

emissions, unless endogenous s o i l  l e v e l s  a r e  j u s t  below t o x i c  l e v e l s  o r  o t h e r  

sources of cadmium po l lu t ion  a r e  en te r ing  t h e  region. Because cadmium is n o t  

r e a d i l y  excreted from mammals, poss ib le  adverse e f f e c t s  t o  t h e  food chain 

should no t  be ru led  ou t .  Fluoride emissions a r e  expected t o  r e s u l t  i n  some. 

de tec tab lc  damages t o  vegetat.ion. Folias damage t o  spec ies  such as sorghum, 

f r u i t  trees, and con i fe r s  may r e s u l t  from c lus te red  s i t i n g ,  bu t  t h e  damage i s  

not  expected t o  r e s u l t  i n  a major economic l o s s  s i n c e  these  spec ies  a r e  re- 

l a t i v e l y  uncommon. No adverse impacts on b i o t a  a r e  a n t i c i p a t e d  from deposi t ion  

of lead o r  sel eninm oxides.  



1.11 DIRECTIONS FOR FUTURE STUDIES 

Because of t h e  broad range o f  complex i s s u e s  r e l a t e d  t o  f u t u r e  u t i l i -  

z a t i o n  of c o a l  r e sou rces ,  t h i s  s tudy  has  been l i m i t e d  t o  a n  i n i t i a l  a n a l y s i s  

of s e l e c t e d  h e a l t h  and environmental i s s u e s  thought t o  b e  of primary s i g n i f i -  

cance. Fur ther  a n a l y s i s  is requi red  f o r  a more in-depth understanding of 

some a s p e c t s  of  t hose  i s s u e s  and a n  eva lua t ion  of methods t o  m i t i g a t e  problems 

which have been i d e n t i f i e d .  Also, o t h e r  i s s u e s  t h a t  may be s i g n i f i c a n t  have 

been considered on ly  margina l ly ,  o r  no t  a t  a l l .  Following is a p a r t i a l  l i s t  

of t h e  t o p i c s  r e l a t e d  t o  h e a l t h  and environmental e f f e c t s  t h a t  r e q u i r e  addi- 

t i o n a l  eva lua t ions  i n  t h e  region:  

1. Although t h e  pro jec ted  coa l  requirement dep le t e s  only a  
smal l  f r a c t i o n  of t h e  coa l  r e s e r v e ,  a d d i t i o n a l  eva lua t ions  
a r e  requi red  t o  i d e n t i f y  l o c a l ,  a r e a - s p e c i f i c  impacts of  
i n c r e a s i n g  r a t e s  of e x t r a c t i o n .  To b e  included a r e  addi- 
t i o n a l  cva lua t  i ons  of t h e  impacts of  land-use req~.lireale:lts, 
p o s s i b l e  flow of p o l l u t a n t s  i n t o  s u r f a c e  and ground waters, 
and t h e  p r o b a b i l i t y  of success  of reclamation p r a c t i c e s .  

Resu l t s  i n  t h i s  s tudy i n d i c a t e  t h a t  s t anda rds  f o r  short- term 
ambient-air  q u a l i t y  s t anda rds ,  i n  p a r t i c u l a r  r e g u l a t i o n s  f o r  
Prevent ion  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 ,  may l i m i t  op t ions  
f o r  f u t u r e  c o a l  u t i l i z a t i o n .  Fur ther  s t u d i e s  a r e , r e q u i r e d  t o  
a s s e s s  t h e  r e l a t i o n s h i p s  between s t a t e  and Federa l  po1ic:ies 
f o r  des igna t ing  Class  I a r e a s ,  t iming of new methods f o r  re-  
ducing emissions,  and a v a i l a b i l i t y  of s i t e s  no t  i n  t h e  v i c i n i t y  
of Class  I a r e a s .  Improved models f o r  eva lua t ing  short- term 
pni iu ta .n t  concen t r a t ions  a r e  a l s o  r equ i r ed .  

3. S t r a t e g i e s  f o r  m i t i g a t i n g  p o t e n t i a l  long-range impacts of 
s u l f a t e s  should be cons idered .  

4 .  The p o t e n t i a l  r eg iona l  h e a l t h  and environmental e f f e c t s  o f  
t r a c e  elements and o t h e r  hazardous stlbstances i n  a.tmnspherJ.r 
and water  e f f l u e n t s  must be more f u l l y  i d e n t i f i e d  s o  t h a t  
r e sea rch  and technology development may be  s t a r t e d .  

5. The o v e r a l l  r eg iona l  water  q u a l i t y  w i l l  apparent ly  n o t  b e  
s i g n i f i c a n t l y  a f f e c t e d  by c o a l  u t i l i z a t i o n ,  i f  a v a i l a b l e  
p o l l u t i o n  c o n t r o l  methods a r e  used. However, f u r t h e r  
eva lua t ion  is r equ i r ed  f o r  p o s s i b l e  l o c a l  e f f e c t s  from in-  
t e n s e  development i n  l i m i t e d  a r e a s ,  reduced capac i ty  t o  
a s s i m i l a t e  municipal and i n d u s t r i a l  wastes  because of 
energy r e l a t e d  water consumption, and runoff  from was te  
d i s p o s a l  s i t e s .  



6. Because of the  l i m i t a t i o n s  on water  supply i n  the  re- 
gional  r i v e r  bas ins ,  development of a l t e r n a t i v e  water  
resources o r  use of  water-conservation measures need 
considerat ion.  Included would be  poss ib le  r o l e s  of 
once-through cooling,  dry cooling towers, r e s e r v o i r s ,  
and increased use  of Great Lakes water.  

7. Not considered i n  t h i s  study a r e  the  poss ib le  impacts 
i n  the  Midwest of t h e  increased coa l  t r anspor ta t ion  by 
r a i l ,  barge; and poss ib ly  s l u r r y  p ipe l ines .  Also, impacts 
from development of r i g h t  of ways f o r  e l e c t r i c a l  t ransmission 
l i n e s  and gas p ipe l ines  were no t  evaluated.  

8. Further  cons idera t ion  of t h e  regional  impacts of synthet ic-  
f u e l  p l a n t s  on t e r r e s t r i a l  and aqua t i c  ecosystems is re- 
quired before  widespread p lan t  cons t ruct ion .  However, t h e  
current  incomplete knowledge of t h e  e f f l u e n t  c h a r a c t e r i s t i c s  
and t h e i r  h e a l t h  and environmental impacts would l i m i t  t hese  
s t u d i e s  . 

9. Ground-water po l lu t ion  by d i sposa l  of s o l i d  waste (e .g. ,  f l y  
ash and bottom ash) and the  impact of contaminated ground 
water  on s u r f a c e  water  should be considered. 

10. Studies of t h e  ecology, sociology,  and economics of f i n a l -  
c u t  r e se rvo i r s  should be  conducted t o  eva lua te  the  impacts 
of these  r e se rvo i r s  before  t h e i r  development from new s t r i p  
mining. , 

11. Studies  on the  immediate and u l t ima te  land use of s t r i p -  
mined lands should consider the  economic and eco log ica l  c o s t s  
and b e n e f i t s  of the  various p o t e n t i a l  reclamation a l t e r n a t i v e s  
f o r  the  region. 

12. I n d u s t r i a l  uses a r e  a s i g n i f i c a n t  f r a c t i o n  of t h e  t o t a l  
coal  consumption i n  severa l  i n d u s t r i a l  s t a t e s ,  such a s  Ohio 
and I l l i n o i s .  Further  evaluat ion  is required of t h e  p o t e n t i a l  
f u t u r e  ex ten t  of t h i s  consumption and t h e  environmental 
a c c e p t a b i l i t y  of coa l  processes a v a i l a b l e ,  o r  under develop- 
ment, f o r  i n d u s t r i a l  app l i ca t ion .  



LEFT BLANK 



2 CHARACTERIZAl'ION OF COAL TECHNOLOGIES 

The coa l  f u e l  cycle  is genera l ly  considered t o  have f i v e  d i s t i n c t  

phases -- ex t rac t ion ,  t r anspor t  of coa l ,  conversion, t ransmission of con- 

vers ion  products ,  and end use. Of course,  i n  any given path of energy de- 
\ l i v e r y ,  a l l  phases need no t  be d i s t i n c t l y  considered. (For example, con- 

vers ion  may occur a t  the  point  of e x t r a c t i o n ,  o r  end use a t  t h e  point  of 

conversion.) This prel iminary assessment focuses on ex t rac t ion .and  conversion, 

from which t h e  major impacts on hea l th  and environment r e s u l t .  

The d iscuss ion i n  t h i s  sec t ion  is  l i m i t e d  t o  cha rac te r i za t ion  of t h e  

conversion technology, including e l e c t r i c a l  generat ion and synfue l  production. 

Extrac t ion  a s  it r e l a t e s  t o  surface-water contamination is  discussed i n  Sec. 

6 and i n  Vol. 2. 

Data f o r  the  cha rac te r i za t ions  were obtained from many sources.  

Although many values a r e  s i m i l a r  t o  those produced f o r  use i n  t h e  DOE-spon- 

sored National  Coal U t i l i z a t i o n  Assessment, they a r e  not  i d e n t i c a l .  

Where the  technology charac te r i za t ions  required s p e c i f i c a t i o n  of s i n g l e  

coa l  parameters,  it was assumed t h a t  these  parameters were r ep resen ta t ive  of 

t h e  Centra l  I n t e r i o r  Province coal .  See Table 2.1, which a l s o  includes' ,  f o r  

comparison, parameters f o r  Northern Great P la ins  coa l  and solvent-refined 

coa l  (SRC) referenced i n  t h i s  sec t ion .  

Coal cnnversion can be grouped i n t o  two ca tegor ies ;  combustion, 

usual ly  involving b o i l e r s ,  and synfuel  production,  i n  which coa l  i s  destruc-  

t i v e l y  hydrogenated t o  produce c leaner  f u e l s .  Combustion methods a r e  con- 

s ide red  a s  they a r e  used i n  e l e c t r i c  power production and a s  a u x i l i a r y  energy 

sources f o r  synfuel  production. Figure 2.1 shows t h e  genera l  pa ths  of t h i s  

production. Production of SNG (high-Btu gas) and coa l  l i q u i d  w i l l  b e  con- 

sidered; production of f 1 1 e . l  gas (low Btu) and so lven t  r e f i n i n g  of c o a l . w i l 1  
' 

be described b r i e f l y  a s  they r e l a t e  t o  e l e c t r i c  power production. 

The technology assumed t o  be  used is  genera l ly  t h a t  which rep resen t s  

the  cu r ren t  s t a t e  of t h e  a r t  and t h a t  reasonably expected t o  be  commercially 

a v a i l a b l e  i n  the  next fl1l;een years--processes f o r  which' s u f f i c i e n t  design 

and test da ta  a r e  ava i l ab le .  Many unique methods f o r  producing synfuels  and 
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Table 2.1. C h a r a c t e r i s t i c s  of Regional Coals and SRC: 
Proximate and Ult imate Analyses (wt .%) 

(Regional c o a l  d a t a  a r e  geometric means of  many samples) 

Coals 

Northern Great 
Cent ra l  I n t e r i o r  P l a i n s  S RC 

Moisture 5.9 26.4 10.8 

V o l a t i l e  Matter 30.9 28.9 63.2 

Fixed Carbon 

Ash 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

S u l f u r  

Data from Ref. 1. 

e l e c t r i c  power now i n  t h e  conceptual  s t a g e  a r e ' n o t  included.  P o t e n t i a l  b e n e f i t s  

and impacts of more advanced technolog.ies w i l l  be-assessed.  in  later s t u d i e s .  

A l l  conversion processes  r e q u i r e  two key . n a t u r a l  resources  -- coa l  and water .  

( I n  some processes ,  c o n t r o l  of s u l f u r  emissions r e q u i r e s ,  i n  a d d i t i o n ,  lime- 

s tone ,  dolomite ,  o r  l ime) .  The quan t i t y  of coa l  requi red  obviously is r e l a t e d  

d i r e c t l y  t o  how much output  energy is requ i r ed  and t h e  o v e r a l l  p l a n t  e f f i c i e n c y .  

The e f f i c i e n c y  of conversion v a r i e s  s i g n i f i c a n t l y  among t h e  conversion pro- 

ce s ses ;  gene ra l ly ,  t h e  h igher  t h e  q u a l i t y  of t h e  product energy, t h e  lower t h e  

o v e r a l l  e f f i c i e n c y  . 
E l e c t r i c  power product ion is t h e  l e a s t  e f f i c i e n t  because of t h e  i n h e r e n t  

(by t h e  second l a w  of thermodynamics) l i m i t a t i o n s  on t h e  e f f i c i e n c y  of a con- 

densing steam (Rankine) power c y c l e .  Thus, a l tho r~gh  t h e  e f f i c i e n c y  o f  energy 

conversion from coa l  t o  heated steam is h igh  (90% o r  b e t t e r )  , and a steam 

turbogenera tor  is very  e f f i c i e n t  (95%),  t h e  o v e r a l l  p l a n t  e f f i c i e n c y  never  

exceeds 40%. More advanced, noncondensing power cyc l e s ,  such a s  combustion 



t u r b i n e s  o r  magnetohydrodynamics (MHD), may r a i s e  t h i s  e f f i c i ency  t o  a s  high 

as 50%. Conversion o'f coal  t o  synfuels ,  on the  o t h e r  hand, is  more e f f i c i e n t ;  

t h e  less severe  t h e  temperature and pressure  in processing,  t h e  higher in 

genera l  i s  t h e  conversion e f f i c i ency .  Production of s y n t h e t i c  n a t u r a l  gas 

can b e  thought of a s  t h e  most extreme o r  thorough processing of coal  i n t o  a 

very clean synfuel  wi th  a high energy dens i ty ;  e f f i c i e n c i e s  of var ious  con- 

ve r s ion  processes vary wi th  design d e t a i l s  bu t  a r e  usua l ly  55-65%. I f  less 

hydrogen is  used i n  the  synfuel  process,  heavier  l i q u i d  o r  s o l i d  products 

r e s u l t ;  but  t h e  b e n e f i t  of  making these  less re f ined  products is an o v e r a l l  

process  e f f i c i e n c y  of 65-75% o r ,  possibly,  s l i g h t l y  b e t t e r . ,  Manufacture of 

f u e l  gases of low energy dens i ty  (low-Btu gas) has  s i m i l a r  e f f i c i e n c y  advan- 

t ages .  The s imples t  and most e f f i c i e n t  processing of coal  is chemical washing 

t o  remove only  p y r i t i c  s u l f u r ;  t h e  o v e r a l l  conversion e f f i c i ency  i s  j u s t  over  

80%. 

Water is  a c r i t i c a l  environmental f a c t o r  f o r  a l l  coal-conversion 

processes;  a l l  use water t o  make e i t h e r  e l e c t r i c  power o r  synfuels ,  and they 

a l l  r e q u i r e  cooling of  process streams, usual ly  ( a t  l e a s t  i n  p a r t )  by evapora- 

t i v e  cooling. The water  used i n  the  process may b e  the  makeup used i n  a 

b o i l e r  steam c i r c u i t ,  o r  i t  may be '  used d i r e c t l y  i n  synfuel  production. 

B o i l e r  feedwater must be  t r e a t e d  t o  ob ta in  a very high p u r i t y ,  and t h e  blow- 

down from a b o i l e r  c i r c u i t  is r e l a t i v e l y  c lean .  water ,  except ,  perhaps, f o r  

corros ion i n h i b i t o r s  and t r a c e s  of meta ls ,  eroded from tube  wal ls .  On the  

o t h e r  hand, water  t h a t  has contacted t h e  coa l ,  ash ,  o r  any coal-derived pro- 

duc t s  is a p o t e n t i a l l y  se r ious  hazard t o  the  environment. Process cooling may 

b e  by evaporat ive cooling towers, r e c i r c u l a t i n g  cooling o r  once-through 

cooling systems. Once-through, o r  run-of-the-river, cooling does no t  consume 

water by evaporation; ponds and evapora t ive  cooling towers do. Thus, they 

r e q u i r e  a continuous blowdown stream t o  prevent buildup of s o l i d s .  

There is,  i n  every coal-conversion process,  a h ierarchy of water use. 

Bo i l e r  feed water is the  c l eanes t  water  i n  t h e  p lan t  and t h e  blowdown from a 

steam c i r c u i t  is  used t o  supply some of t h e  makeup cooling water. The blow- 

down from t h e  cooling c i r c u i t  is f requent ly  used t o  s l u i c e  ash o r  s ludge t o  a 

d i s p o s a l  pond. Water used i n  synfuel  production must b e  t r e a t e d  be fo re  i t  is 

s u i t a b l e  f o r  any reuse  wi th in  t h e  f a c i l i t y ;  t h i s  water  is subsequently used i n  

t h e  cooling c i r c u i t  o r  f o r  ash handling. The amount of water consumed i n  coal  



conversion depends mainly on how much evaporat ive cooling is required ,  s i n c e  

the  quant i ty  consumed wi th in  the  conversion process o r  elsewhere i n  the  p l a n t  

is small by comparison. 

Some of t h e  environmental p o l l u t i o n  problems of conversion a r e  common 

t o  a l l  coa l  u t i l i z a t i o n :  the  r e s u l t s  of s t o r i n g  and handling coa l ,  t r e a t i n g  

water ,  and disposing of s o l i d  wastes.  Coal s to rage  p i l e s  must be c a r e f u l l y  

'> constructed so  a s  t o  capture  a l l  water runoff ( t o  prevent the  many t o x i c  

leachable  mater ia ls  i n  raw coa l  from reaching ground o r  s u r f a c e  water ) .  For 

synfuel  p l a n t s ,  con t ro l  of runoff . should  extend t o  t h e  whole p l a n t  because 

leaks  and s p i l l s  of t o x i c  substances a r e  poss ib le .  Coal handling causes dus t  

t h a t  must be con t ro l l ed ,  by e i t h e r  wet t ing  i t  o r  removing i t  by f i l t e r s . '  Such 

preventive measures a r e  common a t  modem coal-conversion f a c i l i t i e s .  The coa l  

is  crushed t o  a s i z e  s u i t a b l e  f o r  combustion o r  o t h e r  conversion is i n  gr inding 

machines t h a t  a r e  sea led  because the  crushed coa l  is  usual ly  conveyed from them 

pneumatically. Synfuel conversion f requent ly  r equ i res  t h a t  the  coa l  be dr ied '  

before  use;  t h e  f l u e  gas from coa l  drying must be f i l t e r e d  f o r  p a r t i c u l a t e  re- 

moval; and, i f  coal  combustion is t h e  source of hea t  f o r  drying, s u l f u r  removal 

may a l s o  be necessary. . 
Many s i m i l a r  problems i n  ash d i sposa l  a r i s e .  Fly ash recovered from the  

f l u e  gases of combustion b o i l e r s  is  usual ly  conveyed pneumatically t o  a pond 

o r  taken from the  p lan t  s i te  f o r  use i n  paving and const ruct ion  materials. 

Bottom ash from b o i l e r s  and g a s i f i c a t i o n  processes is usual ly  quenched wi th  , 

water  and s l u i c e d  t o  a s to rage  pond. I n  coal - l iquefac t ion  processes,  most of 

the  coa l  ash is i n  the  form of a f i l t e r  cake o r  s ludge t h a t  is a l s o  s l u i c e d  t o  

a s to rage  pond. The ponds of ash represent  a p o t e n t i a l  long-term environmental 

hazard, because tox ic  substances leach out  and seep i n t o  ground and s u r f a c e  

waters .  Although the  ash has less leachable ,  harmful elements than raw coa l ,  

t h e  u l t ima te  hazard is probably f a r  more se r ious  because the  hazardous mate r i a l  

is leached more e a s i l y  from ash. For conversion f a c i l i t i e s  n e a r  a supplying 

mine much of  t h i s  problem can be avoided by burying the  ash. Disposing of 

s ludges from water  t reatment has problems s i m i l a r  t o  those in ash  d i sposa l .  

Disposal problems r e s u l t  from t h e  use of l imestone scrubbers f o r  f l u e  gas t o  

remove s u l f u r .  These scrubbers genera te  enormous volumes of t h i x o t r o p i c  sludge. 

However, in processes under development, f i l t r a t i o n  of t h e  sludge,  followed by 

chemical s t a b i l i z a t i o n ,  can decrease the  water  content  and permeabil i ty enough 

t h a t  the  sludge could b e  used f o r  land f i l l .  
w 



A l l  c o a l - u t i l i z a t i o n  processes r e j e c t  l a r g e  amounts of h e a t  t o  t h e  

environment. I n  power product ion ,  from steam, o r  any o t h e r  steam cycle,  t h i s  

heat  rej ec t ion  is  thermodynamically e s s e n t i a l  . I n  synfuel  product ion ,  heat  

r e j e c t i o n  i s  required n o t  only i n  the  a u x i l i a r y  steam power p lan t  bu t  a l s o  

i n  processing t h e  product gases and l i q u i d s .  The key t o  synfuel  process 

e f f i c i e n c y  is, i n  l a r g e  p a r t ,  minimizing t h i s  ' loss  o f  processing hea t .  Heat 

is no t  genera l ly  considered a p o l l u t a n t ,  except when it is discharged t o  a 

body of s u r f a c e  water ;  thus ,  only i n  s t e a m  e l e c t r i c  power p l a n t s  using once- 

through cooling is  t h e  hea t  discharge analyzed f o r  environmental e f f e c t s .  A l l  

closed-cooling c i r c u i t s  using towers o r  ponds have blowdown, necessary t o  con- 

t r o l  s o l i d s  buildup.  This  blowdown stream must h e  di.spoaed of by return. t o  

t h e  environment -- e i t h e r  d i r e c t l y  from t h e  cooling c i r c u i t  o r  a f t e r . o t h e r  

use  wi th in  t h e  p lan t  and subsequent t reatment.  With current  technology, 

cleaning and recycl ing  t h i s  s t r e a m ,  wi th  i t s  high s o l i d s  content ,  a r e  no t  

f e a s i b l e .  

2.2 ELECTRIC GENERATION 

For t h i s  assessment, production of e 2 e c t r i c  power from coa l  is con- 

s ide red  t o  be  represented by a b o i l e r  burning pulverized coa l ,  wi th  an 

e l e c t r o s t a t i c  p r e c i p i t a t o r  and a f l u e  .gas desu l fu r i za t ion  (FGD) u n i t ,  i f  high- 

s u l f u r  coal  is  used. D e t a i l s  of t h e  b o i l e r  design a r e  not  important i n  t h i s  

assessment; it would be e s s e n t i a l l y  a s ta te-of- the-ar t ,  t a n g e n t i a l l y  f i r e d  . , 

b o i l e r  wi th  a 1 0 0 o O ~ ,  2500-psi s ingle- reheat  steam cycle.  The unencumbered 

p l a n t  e f f i c i e n c y  (without FGD o r  closed-cycle cooling) i s  about 38% (8970 ~ t u /  

kWh, o r  2520 kcal/kWh) during t h e  h o t t e s t  summer days. A t  l e s s  than f u l l  

r a t e d  power output ,  t h e  p l a n t  e f f i c i e n c y  would drop another  percentage point  

o r  two. With FGD and a closed cooling system, t h e  p lan t  would have an 'annual  

average o v e r a l l  e f f i c i e n c y  of about 35% (9650 ~ t u l k w h ,  o r  2432 kcal/kWh) i n  

base-load se rv ice .  

The nominal s i z e  of a new coal - f i red  power p l a n t  could b e  500-1000 MW, 

t h e  s i z e  depending pr imar i ly  on t h e  t o t a l  s i z e  of t h e  u t i l i t y  system i n  which 

it  i s  placed; f o r  t h i s  assessment w e  assume 1000 MW per  u n i t  and t h r e e  u n i t s  

per  s i te ,  f o r  a t o t a l  s i te  capacity of 3000 MW. The s i z e  and t h e  e f f i c i e n c y  

toge the r  determine t h e  r a t e  of coal  and cooling-water consumption. The r a t e  

a t  which p a r t i c u l a t e  mat ter  and s u l f u r  oxides e n t e r  t h e  f l u e  gas i s  d i r e c t l y  



propor t iona l  t o  t h e  r a t e  of  coa l  feed  t o  t h e  furnace ,  s i n c e  90% of t h e  ash  i n  

t h e  coa l  and e . s sen t i a l l y  a l l  of t he  s u l f u r  l e a v e  w i t h  t h e  f l u e  gas in t h i s  

type of b o i l e r .  The f l y  a sh  is c o l l e c t e d  by t h e  p r e c i p i t a t o r  ope ra t ing  a t  

b e t t e r  than  99% (by weight) e f f i c i e n c y  and then  conveyed pneumatical ly  t o  

s to rage .  The smal le r  amount of bottom ash  is quenched and s l u i c e d  t o  a 

s to rage  pond; t h e  same pond is used t o  con ta in  s ludges from process-water 

t rea tment .  The coa l  s u l f u r ,  r e l ea sed  a s  s u l f u r  d ioxide ,  can b e  c o l l e c t e d  by 

an FGD o r  a scrubber  system. The remaining c r i t e r i a  p o l l u t a n t s ,  oxides of 

n i t r o g e n ,  can be c o n t r o l l e d  only  by modiEication t o  t h e  burners  and combustion 

zone of t h e  b o i l e r ;  t h e r e  a r e  no demonstrated techniques f o r  removing n i t r o g e n  

oxides from t h e  f l u e  gas of  coa l - f i red  b o i l e r s .  I t  is assumed t h a t  f e d e r a l  

NSPS ( l i s t e d  i n  Table 2.2) a r e  met f o r  n i t r o g e n  oxides and t h a t  no more s t r i n -  

gent  c o n t r o l  is f e a s i b l e .  

P o l l u t i o n  by s u l f u r  compounds has been t h e  f o c a l  po in t  f o r  measuring 

environmental damage from coa l - f i r ed  power p l a n t s .  There a r e  t h r e e  o p t i o n s  t o  

reduce s u l f u r  emissions i n  burning c o a l :  remove SO2 from t h e  f l u e  gas ,  remove 

it  from c o a l  be fo re  combustion, o r  use a c o a l  n a t u r a l l y  low i n  s u l f u r .  Burning 

low-sulfur coa l  is c u r r e n t l y ,  and w i l l  be i n  t he  n e a r  f u t u r e ,  t h e  l i k e l y  

approach. I n  t h e  a r e a  covered by t h i s  assessment ,  t h e  o n l y . s o u r c e  of low- 

s u l f u r  coa l  f o r  steam product ion is t h e  Northern Great P l a i n s  Province.  The 

s a l i e n t  c h a r a c t e r i s t i c s  of t h i s  c o a l  a r e  shown i n  ~ a b i e  2.1. The low h e a t  

conten t  of t h i s  coa l  i nc reases  a l l  the '  p o t e n t i a l  environmental hazards  of coa l  

handl ing and sol id-waste  d, isposal ,  because i t  must be f i r e d  a t  a h igher  r a t e  

t o  main ta in  t h e  nominal ou tput .  Besides many o p e r a t i o n a l  d i f f i c u l t i e s  i n  

burning t h i s  low-quality,  low-sulfur coa l ,  t h e  f l y  a sh  is not  c o l l e c t e d  e f f i -  

c i e n t l y  enough on convent ional  p r e c i p i t a t o r s .  We have assumed t h a t  any power 

p l a n t  designed t o  use t h i s  coa l  w i l l  have high-temperature p r e c i p i t a t o r s  t o  

main ta in  a c o l l e c t i o n  e f  f i c i e k c p  of  99%, o r  b e t t e r  (by weight) . A s  shown i n  

Table 2.2,  use  of  t h i s  coa l  a l lows  a power p l a n t  t o  meet,  o r  t o  improve s l i g h t l y  

nn ,  t h e  NSPS f o r  s u l f u r  emissions.  

The second op t ion  f o r  s u l f u r  c o n t r o l  i s  t o  u se  a sc rubber  t h a t  washes 

t h e  f l u e  gas wi th  a s o l u t i o n  t h a t  chemical ly combines wi th  t h e  s u l f u r .  The 

gene ra l  d i v i s i o n  of sc rubbers  i n t o  regenerable  and throwaway types  fo l lows  

from t h e  process ing  of  t h e  scrubbing l i q u i d ;  i n  regenerable  processes  s u l f u r  

is removed a s  an  a c i d  o r  a s o l i d  and most of t h e  scrubbing l i q u i d  is  recyc led .  



Table 2 . 2 .  Air-Pol lu tzn t  Emissions from Uncontrolled and Control led 
Combustion ( lb /106  ~ t u )  a 

Cent ra l  I n t e r i o r  Northern Great 
Province Coel P l a i n s  Coal s o l v e n t  Refined 

P o l l u t a n t  NSPS U n ~ o n t r o l l e d  con t ro l l edb  Uncontrolled ~ o n ~ r o l l e d ~  Coal, Cont ro l led  
d 

P a r t  i c u x a t e s  -0.1 8.4 C . 1  . 9 - 7  3.1 
. , 

-0.1 
W * 

a 
To convert  l b /106  Btu  t o  g l k c a l ,  mu l t ip ly  by 1 . 8  x 

b ~ s s u m e s  FGD with  85% sul fur - ranoval  e f f i c i e n c y  , ESP. wi th  99% removal e f f i c i e n c y ,  a n d  s t a t e -o f - a r t  
furnace  f o r  NO c o n t r o l .  

X . 
C Assumes high-temperature ESP wi th  99Z p a r t i c u l a t e  c o l l e c t i o n  and s t a t e -o f - a r t  furnace  f o r  NO c o n t r o l .  

X 

d ~ s s u m e s  state--of-art furnace  f3r NO ccn t  r o l  . 
X 



I n  throwaway processes,  l i m e  o r  l imestone combines wi th  t h e  s u l f u r  and s ludge 

is disposed o f .  Flue-gas-desulfurization systems requ i re  p a r a s i t i c  energy f o r  

t h e i r  opera t ion;  they reduce p l a n t  e f f i c i ency ;  they a r e ,  a t  p resen t ,  less re- 

l i a b l e  than t h e  rest of t h e  power p l a n t ;  they a r e  expensive; and they cause 

problems i n  d isposal  of s o l i d  and l i q u i d  waste from t h e i r  own operat ion.  They 

do, however, remove 85-90% of t h e  s u l f u r  i n  the  f l u e  gas,  and they may have 

a benef i c i a l '  s i d e  e f f e c t  of reducing emissions of f i n e  p a r t i c u l a t e s ,  although 

it has not  y e t  been demonstrated. I n  t h i s  assessment i t  is assumed t h a t  a 

l imestone,  throwaway FGD device represents  a near-term con t ro l  method and a 

regenerable process represents  a more advanced method. The e f f e c t  on s u l f u r  

emissions is the  same f o r  both;  only t h e  solid-waste e f f l u e n t  v a r i e s  f o r  pur- 

poses of t h i s  s tudy.  Beyond t h e  scope of t h i s  in te r im assessment, b u t  c l e a r l y  

an environmental impact, i s  t h e  quarrying of  t h e  l a r g e  q u a n t i t i e s  of l imestone 

needed; s i n c e  about 3.3 l b s  of limestone is needed per  pound of s u l f u r  removed. 

a 1000-MW power p l a n t  burning the  3% s u l f u r  c e n t r a l  i n t e r i o r  coa l  of Table 2 .1  

w i l l  r equ i re  about 2.3 x 105tons (2.1 x 1 0 h e t r i c  tons)  per  yea r  of  l imestone 

i f  t h a t  type of scrubber is u t i l i z e d .  

Su l fu r  a l s o  can be con t ro l l ed  by limestone scrubbing i n  fluidized-bed 

combustion, i n  which limestone o r  dolomite is mixed wi th  t h e  coa l  i n  the  

f l u i d i z e d  bed t o  r eac t  wi th  t h e  s u l f u r .  Although s t i l l  i n  t h e  developmental 

s t a g e ,  fluidized-bed combustion may have advantages i n  cons t ruct ion  c o s t s  and 

opera t ing  e f f i c i e n c i e s .  The r e s u l t  may be  e f f e c t i v e  con t ro l  of s u l f u r  a t  t h e  

expense of a l a r g e  volume of s o l i d  waste; regenerat ing t h e  s u l f u r  sorbent  is  

no t  y e t  economically f e a s i b l e .  This combustion method is one of  many p o t e n t i a l  

f u t u r e  processes here  considered f o r  c o n t r o l l i n g  some o r  s e v e r a l  environmental 

p o l l u t a n t s  a t  b e t t e r  e f f i c i ency  and lower cos t  than FGD. 

The t h i r d  opt ion  f o r  reducing t h e  s u l f u r  content  of the  c o a l  by pre- 

combustion processing includes physica l  o r  chemical washing, so lven t  r e f i n i n g  

(SRC) , o r  conversion t o  low-Btu f u e l  gas. ' Coal washing is  widely used t o  

remove excessive s u l f u r  and ash he fo re  combustion and may be continued i n  con- 

junct ion  with o t h e r  f u e l  processing o r  wi th  less e f f i c i e n t ,  bu t  cheaper, FGD 

u n i t s .  However, i n  the  region of t h i s  assessment, t h i s  process w i l l  no t  b r ing  

much coa l  i n t o  compliance wi th  f e d e r a l  NSPS. 



Solvent r e f i n i n g  is  a very mild hydrogenation of coa l  t o  produce a 

low-ash, low-sulfur product ,  SRC, which is  usual ly  a s o f t ,  low-melting s o l i d .  

A s  shown in Tables 2.1 and 2.2, combustion of SRC r e s u l t s  i n  s u l f u r  emissions 

t h a t  a r e  w e l l  ' within  the  NSPS ; nor should undue problems a r i s e  with emissions 

of p a r t i c u l a t e s  o r  n i t rogen  oxides. There are some minor problems i n  handling 

SRC at a power p l a n t ,  but  they should p r e s e n t ' n o  problem f o r  new f a c i l i t i e s .  

Combustion of SRC t o  produce e l e c t r i c  power should be  a t  l e a s t  as e f f i c i e n t  

a conversion process a s  t h e  use of unt rea ted  coa l . and  perhaps s l i g h t l y  b e t t e r .  

Of course,  t h e  c o s t  and energy l o s s e s  incurred  i n  production of SRC reduce 

t h e  t o t a l  b e n e f i t s  t o  where they a r e  approximately competi t ive wi th  f i r s t -  

generat ion flue-gas desu l fu r i za t ion .  The f u t u r e  primary use  of SRC may be i n  

e x i s t i n g ,  o lde r  b o i l e r s  i n  preference t o  r e t r o f i t  of FGD systems o r  conversion 

t o  low-sulfur coal .  But t h e  use of c lean  b o i l e r  f u e l s  derived from c o a l  -- 
represented by SRC -- cannot be ru led  out  f o r  new power p l a n t s ,  e s p e c i a l l y  

where the  only economically a t t r a c t i v e  resource i s  high-sulfur  coal .  

The most extens ive  processing of coal  before  e l e c t r i c  power production 

is the manufacture of a f u e l  g a s  in an air-blown ( r a t h e r  than oxygen) g a s i f i -  

c a t i o n  process. This processing is the  most complex of t h e  opt ions  and i s  

s t i l l  i n  the developmental s t age  ; b u t ,  f o r .  environmental c o n t r o l ,  it is 

promising i n  t h a t  most atmospheric p o l l u t a n t s  can be reduced t o  a very low 

l e v e l .  Because the  energy dens i ty  of t h e  f u e l  gas is very low, it cannot be 

economically s t o r e d  o r  t ranspor ted .  Also, because of t h e  need f a r  o v e r a l l  

energy e f f i c i e n c y  in producing e l e c t r i c  power, it is  d e s i r a b l e  t o  u t i l i z e  the  

s e n s i b l e  a s  w e l l  as chemical energy of t h e  f u e l  gas i n  a combined cycle ,  a 

combustion tu rb ine  followed by a waste-heat-recovery steam b o i l e r .  Therefore,  

the  production f a c i l i t y  f o r  f u e l  gas must be i n t e g r a t e d  i n t o  t h e  power plant  

and have the  same degree of load following. I n  c o n t r a s t ,  coa l  washing o r  

l i q u e f a c t i o n  can be remote from the  power p l a n t  and opera te  smoothly without  

fol lowing v a r i a t i o n s  in t h e  demand f o r  e l e c t r i c i t y .  In s p i t e  of t h e  added 

complexity, t h e  p o t e n t i a l  gains i n  process e f f i c i e n c y  make an in teg ra ted  fac i -  

l i t y  and combined cycles  v iable .  

The f u e l  gas is  manufactured by a process s i m i l a r  t o  those f o r  making 

SNG, except t h a t  using a i r  f o r  combustion ins tead  of pure oxygen d i l u t e s  t h e  

syn thes i s  gas wi th  n i t rogen  gas (but  with cons iderable  savings i n  c o s t  and e f f i -  

c iency) .  The processes b e s t  s u i t e d  f o r  fuel-gas production d i f f e r  from those  



f o r  SNG because,production .of methane i n  the  g a s i f i e r  is  of no. importance. 

Therefore, more thermally e f f i c i e n t  g a s i f i e r s  can be  used. But, s i n c e  SNG 

g a s i f i e r  designs a r e  more f u l l y  developed, t h e  f i r s t  g a s i f i e r s  used f o r  power 

production w i l l  probably be s i m i l a r ;  second-generation fuel-gas producers 

should provide more e f f i c i e n t ,  higher-temperature processes.  Cleaning of t h e  

f u e l  gas is s i m i l a r  t o  t h a t  i n  making SNG, wi th  t h e  important exception t h a t  

carbon dioxide  should not  be  removed from t h e  gas stream. There would be  

advantages in cos t  and e f f i c i ency  i n  performing a l l  t h e  cleanup s t e p s  on t h e  

f u e l  gas without lowering the  gas temperature, s o  t h a t  the  s e n s i b l e  heat  of  the  

gas could be used i n  the  combined cycle.  Removal of s u l f u r  compounds and n i -  

trogen compounds (ammonia) a t  high temperatures is no t  now f e a s i b l e ,  but  pro- 

cedures a r e  under development t o  remove s u l f u r  and p a r t i c u l a t e s  a t  high tempe- 

r a t u r e s .  . The result is t h a t  near-future g a s i f i c a t i o n  wi th  combined-cycle power 

production w i l l  use f i r s t -genera t ion  g a s i f i e r s  and low-temperature cleanup, re- 

s u l t i n g  in a power production f a c i l i t y  t h a t  p r o d u c e s ' e l e c t r i c i t y  a t  somewhat 

higher cos t  than f o r  a l t e r n a t i v e s  s u c h - a s  FGD bu t  gives b e t t e r  environmental 

con t ro l .  More advanced g a s i f i c a t i o n  processes and higher-temperature tu rb ines  

may, by the  end of t h e  century,  produce power from coa l  more cheaply than can 

the  a l t e r n a t i v e  con t ro l  techniques, but  with a r i s k  of some se r ious  problems 

with emissions of n i t rogen  oxides. 

Many e f f l u e n t s  o t h e r  than oxides of  s u l f u r  and n i t rogen a r e  emit ted 
9 

with  f l u e  gases from combustion, e s p e c i a l l y  those i d e n t i f i e d  a s  being tox ic .  

Fine ( r e sp i rab le )  p a r t i c l e s  a r e  n e i t h e r  w e l l  charac ter ized  nor  regulated.  

Probably about 15% by weight of the  t o t a l  p a r t i c u l a t e  emissions remaining 

a f t e r  t h e  use of an e f f i c i e n t  e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) a r e  less than 

2 p;- the d i s t r i b u t i o n  by s i z e  below 3 p i s  n o t  well-documented. The only me- 

thods t h a t  may be  e f f e c t i v e  i n  c o n t r o l l i n g  these  f i n e  p a r t i c l e s  a r e  f a b r i c  

f i l t e r s  in the  f l u e  gas o r  fuel-gas conversion followed by a w e t  gas scrubber.  

Whether w e t  scrubbers f o r  s u l f u r  removal from the  f l u e  gas reduce emissions of 

f i n e  p a r t i c u l a t e s  is  n o t  c l e a r .  I f  regula tory  s tandards  f o r  f i n e  p a r t i c u l a t e s  

were developed, o t h e r  techniques and improved ESPs might b e  necessary f o r  com- 

bus t i o n  processes.  

The r e l e a s e  of  the  many t r a c e  elements found i n  coa l  i s  another  source 

of environmental hazards and da ta  uncer ta in ty .  Table 2.3 shows t h e  t r a c e  

elements and t h e i r  concentrat ion i n  the  r ep resen ta t ive  coa l s  of t h i s  assessment. 



Table 2.3. Trace Elements i n  Represen t a t i ve  Coals (Average 
v a l u e s  from many samples of  whole c o a l )  ' 

Cen t r a l  
I n t e r i o r  

Element Coal 

Northern 
Great P l a i n s  

Coal 
Estimated 
V o l a t i l i t y ,  % 

0.12 pprn 
16 .3  pprn 
58 PPm 

0.10 pprn 
7.0 pprn 

0.2 pprn 
7.4 pprn 

37 PPm 
0.06 pprn 
4.'3 pprn 

19 PPm 
0 .8  pprn 
2.8 pprn 
1 . 6  pprn 
1 .4  pprn 

4.3 pprn 
0.4 pprn 
0.5 pprn 
2.4 .pp111 
0.7 pprn 

58 PPm 
50 PPm 
30 PPm 

1 . 5  pprn 
7 PPm 

12 .8  pprn 
70 PPm 

300 pprn 
0.3 pprn 
1 . 5  pprn 

10  PPm 
3 PPm 
2 PPm 
0.7 pprn 

18  PPm 

3 PPm 
2 PPm 
1.5  pprn 
3 PPm 
2 ppm 

3 PPm 
30 PPm 
20 PPm 

7 PPm 
0.7 pprn 

: 1 0  pprn - 3 '  

' 1 . 5 p p m  
100 ppm. .. ... 

7 PPm 
3 PPm 
0 .3  pprn 

..'.< .:: :1:5~, ppm ' 

a > 
Nonvo la t i l e  a t  f u rnace  c o n d i t i o n s .  

3 



The concentrat ion of these  elements v a r i e s  considerably between mlne sources 

and wi th in  t h e  supply from any one mine. Many of t h e s e  t r a c e  elements are 

known, o r  bel ieved t o  be, not  v o l a t i l e  during conversion but  t o  remain wi th  

t h e  coa l  ash. , But some ash does e n t e r  t h e  f l u e  gas and t h e  ash  t h a t  is  

e l e c t r o s t a t i c a l l y  p r e c i p i t a t e d  may be s t o r e d  f o r  long periods; during which i t  

is  sub jec t  t o  leaching and eros ion.  For a l l  t h e s e  t r a c e  elements, l i t t l e  

f i rm information is  a v a i l a b l e  on t h e i r  f a t e  during s to rage  o r  conversion of 

t h e  coal  o r  t h e i r  form a s  they l e a v e  t h e  process wi th  var ious  waste streams. 

For t h i s  assessment, a 3000-MW.standard f a c i l i t y  was assumed ( see  

Table 2.4. * The emission r a t e s  used f o r  modeling atmospheric d i spe r s ion ,  were, 

chosen t o  b e  cons is tent  wi th  those  'used by t h e  General E l e c t r i c  Co. i n  t h e i r  

s tudy f o r  the  National  Science Foundation (see  Table 2.5)'. The trace-element 

emissions r e f l e c t  t h e  v o l a t i l i t y . e s t i m a t e s  shown i n  Table 2.3, and thus a r e  an 

upper l i m i t  on emissions, s i n c e  p r e c i p i t a t o r  capture  is ignored. 

Table 2.4. P lan t  C h a r a c t e r i s t i c s  

Tota l  r a t ed  capaci ty  3000 MW 

Heat r a t e  

Stack height  

Stack diameter 

Exhaust ve loc i ty  

Exhaust temperature 

Load f a c t o r  6 0% 

Ambient a i r  temperature . 293 K 

*Impacts of a l t e r n a t i v e  parameter values on a i r '  q u a l i t y  a r e  discussed i n  
Sec. 7. 

I 



Table 2.5. Emission Rates  f o r  t h e  Standard 3000-MW P l a n t  
a t  60% Capacity Using I n t e r i o r  Province Coal 

. . 

P o l l u t a n t  
Emission Rate 

lb /106  Btu inpu t  
b 

Base l ine  P l a n t  Emission 
Rate,  g l s e c  

SO2 - . 

Nox 
P a r t i c u l a t e s  

-- - - -- - 

%ew Federa l  Source Performance Standards as of Jan .  1977. 

b ~ o  convert  from l b 1 1 0 h t u  t o  g l k c a l ,  mul t ip ly  by 1 .8  x 

I n  c o a l  conversion t o  produce e l e c t r i c i t y ,  water  is used p r imar i ly  f o r  

steam and evapora t ive  cool ing .  The consumption [or  coo l ing  v a r i e s  g r e a t l y  

w i t h  cooling-system des ign .  Once-through systems and cool ing  ponds are 

s i m i l a r  i n  t h a t  water  consumed by t h e  hea t  r e j e c t e d  by t h e  power p l a n t  is 

very  dependent on t h e  s u r f a c e  a r e a  of t h e  water  body and l o c a l  c l i m a t i c  con- 

d i t i o n s .  The coo l ing  pond h e r e  is assumed t o  cover  about  one a c r e  pe r  MW. 

Evapora t ive  coo l ing  towers a r e  t h e  systems most l i k e l y  t o  be used I n  new 

p o ~ &  s t a t i o n s .  Natura l -draf t  and mechanical ( forced-draf t )  towers Loth 

consume water  a t  about t h e  same r a t e ,  and are n o t  a s  s e n s i t i v e  t o  v a r i a t i o n s  

i n  c l i m a t i c  cond i t i ons  as a r e  coo l ing  ponds. Water consumption r a t e s  a t  70% 

of  r a t e d  capac i ty  ( s ee  Table 2.6) are c o n s i s t e n t  w i t h  va lues  r epo r t ed  by 

General  E l e c t r i c .  3 

Treatment of  i n t a k e  water  f o r , b o i l e r  u se  c r e a t e s  was te  s t reams of 

s ludge  and wash water. The b o i l e r  and cooling-water c i r c u i t s  must have 

cont inuous blowdown streams t o  prevent  s o l i d s  bui ldup .  Waste-water s treams 

a l s o  flow from ash  handl ing ,  FGD systems, bo i l e r - tube  c leaning ,  and f l o o r  dra in  



Table 2.6.  Water Consumption by Coal-Fired E l e c t r i c  
Power Generating. F a c i l i t i e s 6  

a 
Water Consumption 

Cooling Systems cf  s 

Once- Through 

Cooling Pond 

Wet Towers 

Dry Towers 

a 
Consumption is annual average  t o t a l  f o r  a 1000-MW 
p l a n t  ope ra t ing  a t  an annual  capac i ty  f a c t o r  of  100%. 

i n  t h e  p l a n t  a r e a .  For t h i s  assessment ,  rough e s t ima te s  were made4 of t h e  

p o l l u t a n t s  t h a t  would contaminate waste  water  s t reams i n  a power p l a n t  (Table 

2.7) . P l a n t  , s an i t a ry  sewage was no t  inc luded .  It was assumed t h a t  t h e  FGD 

system had a closed-water c i r c u i t ,  except  f o r  t h e  occluded water  d i scharged  

t o  a ho ld ing  pond. The f l y  ash is assumed t o  be  handled pneumatical'ly as 

s p e c i f i e d  by N e w  Source Performance Standards  (NSPS) . 4  The e s t ima te s  i n  

Table 2.7 combine t h e  p o l l u t a n t  l oad ings  from t h e  fo l lowing  was te  s t reams:  

Bo i l e r  blowdown, 

Metal-cleaning was tes ,  

Cooling-system blowdown, 

Ash-handling overf low,  and 

Miscellaneous low-volume was tes .  

Where t h e  NSPS a r e  a p p l i c a b l e ,  t h e  p o l l u t a n t  l oad ings  have been a d j u s t e d  

t o  r e f l e c t  t h e  a l lowable  l e v e l s  of  d i scharge .  

One o t h e r  main ca tegory  of p o l l u t a n t s ,  discharged from f o s s i l - f u e l ,  steam- 

generated.:, e l e c t r i c  power p l a n t s ,  is  thermal .' Waste h e a t  is  r e j  ec t ed  du r ing  

burning. of.' c o a l ,  t o  t h e  coo l ing  water  pass ing  through t h e  condenser.  The 

amount of.. h e a t  r e j e c t e d  , which depends on s e v e r a l  parameters ,  averages  about  

6000, ~ t u ( 1 5 1 2  k c a l )  /kwh. This i nc reases  coo l ing  water  temperature about  8 . 5 " ~  
. . 

with, 'onde-through coo l ing  o r  1 2 ' ~  wi th  coo l ing  towers .  4 

Current  e f f l u e n t  gu ide l ines  r e s t r i c t  t h e  d ischarge  of  hea ted  e f f l u e n t s  

t o  t h e  environment; t h e r e f o r e , ,  t rea tment  is necessary .  Treatment devices  f o r  

coo l ing ,  such as towers ,  sometimes gene ra t e  chemical p o l l u t a n t s .  To e v a l u a t e  



Table 2.7. Estimated Loadings of Water P o l l u t a n t s  from 
Coal-Fired power Generation P l a n t s  

Uncontrolle$ Cont ro l led  ANSPS) , 
p o l l u t a n t  lb/day/MW . . lb/day/MW 

TS S 0 .  364gb 0.328 max 
0.099 avg 

O i l  and Grease 

Ammonia 
  it rate 
Chlor ide  
Fret Ava ' l a b l e  
Chlorine a 
S u l f a t e  
Fe 
Cu 
Zn 
C r  
P 

'0.0656 max 
i 0 . 0 4 9 1  avg 

-- C 

0 . I N  56 max 
10.0062 avg 

0.248 -- Na 

Nif 
8 .42  x -- 
0.201 -- 

3; 2 .o - - 
7.0 10-5 -- 

filf 2 , o  if5 -- Ccl 
7 .O . x  -- 

G f  2 .0  - - 
8 . 3  a- 

f 2 .o -- Pbf 
1 .2  -- Ba 

Note : pH of all d ischarge  is 6.0 - 9.0 by NSPS . 
a '  

To convert  lb/dayMW t o  kg/day/MW mul t ip ly  by 0.4536. 
b 

TSS d ischarge  should,  i n  a d d i t i o n ,  be  increased  by concen t r a t ion  f a c t o r  of 
3.7 a p p l i e d  t o  cool ing.  In t ake  water  m u l t i p l i e d  by 3744 g a l / d a y / M  (14.2 
ca ..m3 /day/MW) . 

C Not givcn. 

d ~ r e e  a v a i l a b l e  c h l o r i n e  r e s i d u a l  w i l l  be  reduced t o  nea r  zero  i f  coo l ing  
blowdown goes t o  ash-handling system. 

e Data no t  a v a i l a b l e  f o r  a l l  waste  streams. 
f 

Discharge v a l u e s  based on ash-handling d a t a  only.  

Data based p r i m a r i l y  on r .e f .  5 .  



t h e  impact of thermal discharges,  i t  w i l l  be  assumed t h a t  no heated e f f l u e n t s  . 

warmer than allowed by t h e  EPA s tandards  w i l l  b e  discharged and t h a t  cooling . 

towers, spray ponds, o r  o t h e r  mechanical cooling f a c i l i t i e s  w i l l  b e  used t o  

t r e a t  t h e  heated waste, 

2.3 COAL GASIFICA!l'ION 

Coal g a s i f i c a t i o n ,  i n  t h i s  assessment, covers processes t h a t  make a 

clean,  methane-rich gas from coal  by d e s t r u c t i v e  hydrogenation a t  high tempe- 

r a t u r e  and pressure .  This prel iminary assessment does not  at tempt t o  d i f fe ren-  

t i a t e  between s p e c i f i c  process designs,  b u t ,  r a t h e r ,  uses a genera l ized  process 

f o r  inputs  and e f f l u e n t s .  The u n i t  f a c i l i t y  s i t e  is based on a production of 

250 x l o 6  sc f lday  (7.08 x l o 6  m3/day) of SNG. The technology i s ,  approximately 

t h a t  of a "second-generation, " fluidized-bed g a s i f i e r  followed by t h e  usual  

cooling,  s h i f t  conversion, water  quench, acid-gas removal, and c a t a l y t i c  metha- 

na t ion .  Since t h e  environmentally s i g n i f i c a n t  e f f l u e n t s  come from t h e  gas- 

cleanup t r a i n  and not  t h e  g a s i f i e r  chamber, s p e c i f i c  g a s i f i c a t i o n  designs w i l l  

d i f f e r  more i n  c o s t s  and e f f i c i enc ies '  r e l a t e d  t o  coa l  feed than in t h e  re- 

s i d u a l s  t o  t h e  environment. The major exceptions a r e  e f f l u e n t s  from t h e  on- 

s i t e  production of a u x i l i a r y  steam and e l e c t r i c  power, f o r  which t h e  amount of 

a u x i l i a r y  energy needed v a r i e s  wi th  t h e  design. and e f f i c i e n c y  of t h e  process.  

Figure 2.2 shows t h e  process s t ages  and streams of inputs  and e f f l u e n t s  

f o r  coal  g a s i f i c a t i o n .  The n a t u r e  and l o c a t i o n  of  each b a s i c  process  block 

wi th in  t h e  diagram w i l l  vary between processes.  Likewise, not  a l l  of t h e  

e f f l u e n t s  nnted may be present f o r  a l l  processes;  some g a s i f i e r s  f avor  produc- 

t i o n  of c e r t a i n  products  more than do o t h e r s .  Coal i s  prepared by crushing 

t o  s i z e  and drying;  t h e  degree of drying ( i f  any) depends on t h e  opera t ing  

economics of each process. The f l u e  gas from drying i s  t r e a t e d  t o  remove 

p a r t i c l e s  and then vented t o  t h e  atmosphere. The prepared coal  is  f e d  t o  the  

g a s i f i e r  e i t h e r  i n  batches,  through a lock  hopper, o r  con.tinuously, by mecha- 

n i c a l  feeders  o r  i n  a pumped s l i i r ry .  Any gases re leased during t h e  feeding 

a r e  assumed t o  be  recovered and r e i n j e c t e d  i n t o  t h e  gas stream; thus ,  t h e r e  

a r e  no e f f l u e n t s  t o  t h e  atmosphere a t  t h i s  point .  I n  the  g a s i f i c a t i o n  chamber 

t h e  coa l  is  hydrogasif ied a t  7 0 0 - 1 1 5 0 ~ ~  and 10-100 a t m  t o  form a syn thes i s  gas 

consistj.n.g mainly of carbon monoxide and hydrogen, wi th  lesser amounts of 

carbon dioxide and methane. The shi f t -convers ion  u n i t  a d j u s t s  the  r a t i o  of CO 



COAL 

STEAPI 

0 2  

CO; , SULFUR 
COI~IPOUNDS , S Y r R H E T I  C 
I M IROCARBONS GAS FUEL 
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and H2 using steam and c a t a l y s t s ,  but  no e f f l u e n t s  normally a r i s e  from t h i s  

s tage.  

I n  gas cooling and cleaning, most of t h e  environmexital p o l l u t a n t s  i n  a 

the  coal  a r e  separa ted '  from t h e  product gases.  Gas. cleaning must be  very 

e f f e c t i v e ,  both t o  p r o t e c t '  t h e  methanation c a t a l y s t s  and t o  produce SNG 

acceptable f o r  mixing wi th  n a t u r a l  gas. The syn thes i s  gas is cooled by heat  

exchangers and then is  f u r t h e r  cooled and scrubbed by a d i r e c t  water-spray 

wash. The l i q u i d  e f f l u e n t  (gas l iquor )  cons i s t s  of t h e  wash water  and water 

condensed from the  syn thes i s  gas; it  requires  considerable treatment before  
9 

reuse  o r  r e l e a s e  t o  t h e  environment. The aqueous e f f l u e n t s  ( see  Table 2.8) 

show t h e  e f f e c t s  of l e v e l s  of poss ib le  treatment before  a waste stream is 

s e n t  t o  the  cooling-water c i r c u i t  and then re leased t o  t h e  surroundings 

through blowdown. 

The f i r s t  s t e p  i n  t r e a t i n g  gas l i q u o r  is  reduction of p r e s s u r e . t o  

r e l e a s e  dissolved gases, which a r e  s e n t  t o  t h e  sulfur-recovery sec t ion .  Next, 

t a r s  and o i l s  a r e  separated by mechanical skimming and phenols by chemical 

so lvents .  

Table 2.8. Representat ive Po l lu tan t  Concentrations i n  Gas- 
Liquor Condensate from Coal Gas i f i ca t ion  

Substance Untreated Treated 

TSS 

: pH 

Phenols 

O i l / ~ r e a s e  

COD 

Tota l  So l ids  

SCN- 

600 mglR 

8.6 , 

2,600 pprn 

> 500 pprn - 
15,000 mg/R 

8,000 pprn 

0.6 pprn 

1,400 pprn 

150 pprn 

20 mglR 

8.5 

0.01-20 pprn 

0.1-10.0 pprn 

80-100 mg1R 

5-10 pplu 

0.1 ppm 

12 PPm 

70 PPm 

Phosphates a s  P 2.5 ppm 0.3 ppm 

Chloride 550 ppm 25 PPm 

Fluoride 56 ppm.. 6 PPm 

Data based pr imar i ly  on Refs. 4-7. 
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I f  these  hydrocarbons a r e . p r e s e n t  i n  large. q u a n t i t i e s ,  they may be  re- 

covered a s  by-products o r  r e in jec ted  i n t o  t h e  g a s i f i e r .  Processes f o r  gasi-  

f i c a t i o n  a t  very high temperature produce l i t t l e  o r  none of these  heavier  

hydrocarbons. Ammonia, formed' i n  t h e  g a s i f i e r  from t h e  n i t rogen i n  the  coal ,' 
i s  removed from t h e  gas stream with t h e  gas l iquor .  D i s t i l l a t i o n  by steam 

s t r i p p i n g  is used t o  recover t h e  ammonia a s  a s a l a b l e  by-product. 

'The syn thes i s  gas leaves  t h e  gas wash and is f u r t h e r  cooled by heat  

exchangers i n  prepara t ion f o r  acid-gas removal which, wi th  current  methods, , 

must be a t  from 50°c t o  4 5 ' ~ ,  depending on t h e  cleaning process used. The 

gas stream is  washed with a solvent  t h a t  removes s u l f u r  compounds and carbon 

dioxide,  leaving t h e  synthes is  gas a t  . the  high p u r i t y  required of t h e  SNti 

product.  The solvent  is regenerated t o  r e l e a s e  t h e  carbon dioxide and s u l f u r  

compounds s e l e c t i v e l y ;  t h e  carbon dioxide is  vented t o  t h e  atmosphere and t h e  

s u l f u r  compounds a r e  s e n t  to  a recovery system t o  recover elemental s u l f u r .  

The very l a r g e  volume of carbon dioxide c a r r i e s  small q u a n t i t i e s  of gaseous 

p o l l u t a n t s  wi th  it.  I n  t h e  s u l f u r  recovery, Claus o r  S t r e t f o r d  processes a r e  

followed by inc ine ra t ion  and flue-gas scrubbing; small q u a n t i t i e s  of s u l f u r  

i n  t h e  form of SO2 o r  COS escape t o  t h e  atmosphere. 

' The very c lean product-gas stream is passed over a c a t a l y s t  t o  r a i s e  t h e  

methane content t o  the  required l e v e i  f o r  mixing with n a t u r a l  gas. This 

process re leases  only l a r g e  amounts of heat  and some water, which is  recovered 

f o r  r euse  i n  the p l a n t .  

Emission of a i rborne  p o l l u t a n t s  from t h e  g a s i f i c a t i o n  t r a i n  (with t h e  

p o s s i b l e  exception of some t r a c e  elements whose u l t ima te  f a t e s  a r e  not  com- 

p l e t e l y  known) a r e  not  expected t o  be a s i g n i f i c a n t  problem. P a r t i c u l a t e  

emissions from t h e  g a s i f i c a t i o n  t r a i n  w i l l  be v i r t u a l l y  nonexistent .  Except 

f o r  ~ m a l 1 ' ~ u a n t ' i t i e s  released,  i f  t h e  off  gas is  incinera ted ,  NO is not  
W 

produced i n  the  g a s i f i c a t i o n  plant .  The removal e f f i c i e n c i e s  of t h e  acid-gas 

processes and t h e  sulfur-recovery and FGD u n i t s  w i l l  determine t h e  composition 

and volumes of t h e  s u l f u r  compounds emitted. Some processes remove COS o r  

H2S more e f f e c t i v e l y  than others .  Estimates f o r  s u l f u r  emissions d i f f e r  widely 

among designs. A s  an example, one statement is t h a t  a commercial Synthane 

p l a n t  operat ing on c e n t r a l  I n t e r i o r  Province coal  would e m i t  about 900 l b / h r  

(408 kg/hr) of SO2 b u t  would no t  e m i t  COS. An equivalent  HYGAS p lan t  might 

emit only about 100 lb /h r  (45 kg/hr) of S02, but  it would a l s o  e m i t  400-500 lb/.., 



(180-225kglhr) of COS. Iq gene ra l ,  s u l f u r  emissions might be  expected t o  

be  between these  l i m i t s  

I n  a d d i t i o n  t o  i t s  primary process  u se ,  c o a l  is used t o  produce t h e  

energy r equ i r ed  by t h e  g a s i f i c a t i o n  process  f o r  such purposes a s  gene ra t ing  

steam, oxygen product ion,  compressing gases ,  and pumping l i q u i d s  and cool ing  

water .  The c o a l  may be  burned i n  a b o i l e r  o r  be  processed i n t o  a l i q u i d  o r  

gas .  The l e v e l s  of  environmental c o n t r o l  p a r a l l e l  t hose  i n  electr ic-power 

product ion.  This  a u x i l i a r y  power product ion  may c o n t r i b u t e  more p o l l u t a n t s  

than  t h e  main g a s i f i c a t i o n  process ,  bu t  t h i s  need n o t  b e  so .  Th.e r e s i d u a l s  

shown i n  Table 2.9 ' *  r e f l e c t  t h e  h igh  and low l e v e l s  of c o n t r o l  t h a t  may 

be imposed on t h i s  source.  For t h i s  assessment ,  t h e  d a t a  a v a i l a b l e  from t h e  

EMDB w e r e  .used f o r  t h e  HYGAS process  t o  r ep re sen t  g a s i f i c a t i o n  processes .  ' * ' 
These atmospheric  emission rates a r e  shown i n  Table 2.10. 

Table 2.9. Environmental Residuals.  f o r  High and Low Cont ro l  
f o r  Auxi l ia ry  F a c i l i t i e s  f o r  SNG ~ l a n t ' , ~  

(Units  of l b /106  Btu inpu t '  as c o a l  t o  a u x i l i a r y  power p l a n t )  

a 
Emission Low Control  High Control  

b 

P a r t i c u l a t e s  

Cooling Tower 
Evaporation 

1.2 lb /106  Btu 
(3500-6000 l b l h r )  

0.7 l b /106  Btu 
(2000-3000 l b l h r )  

0 .1 l b /106  Btu 
(300-500 l b l h r )  

Blowdowns 2 x l o 6  ga l lday  

0.1 lb /106  Btu 
(300-500 l b l h r )  

0.2 l b / 1 0 6  Btu 
(600-900 I b l h r )  

0 l b /106  Btu 
(0  l b l h r )  

a Coal-f i red a u x i l i a r y  power p l a n t  w i t h  FGD. Moderate water usage,  
low d ischarge .  

b F u e l  gas - f i r ed  a u x i l i a r y  power p l a n t .  Low water usage,  no d i scha rge .  

Note: 

Aux i l i a ry  power p l a n t  - 300-500 MW a t  10,000 BtulkWh(2520 kcal/kWh). 
To conver t  from l b / 1 0 . ~  Btu t o  g l k c a l ,  mu l t ip ly  by 1 .8  x 
To conver t  from l b l h r  t o  kg lh r ,  mu l t ip ly  by 0.4536. 
To conver t  from ga l lday  t o  m3/day, mu l t ip ly  by 3.78 x 



Table  2 . lo.  Atmospheric Emission Rates  f o r  t h e  S tandard  
250 x l o 6  scf /day  SNG P l a n t  1 0 , l l  

(90% annual l oad  f a c t o r )  

Base l ine  P l a n t  
Emission R a t e ,  Emission Rate, 

p o l l u t a n t  l b / i o 6  B t G  I n p u t  I g l s e c  

SO 2 0 . I26 2.02 x l o 2  

Nox 0.136 2.42 x i o 2  
P a r t i c u l a t e s  0.014 2.49 x 10' 

T o t a l  HC 1.79 x 3.10 x 10' 

Note: 

Btu i n p u t  is  t o t a l  t o  e n t i r e  f a c i l i t y  -- process  p l u s  
auxiliaries . 
To convcrt  from lb /106  Btu t o  g /kca l ,  mu l t ip ly  by 1 . 8  x 

Very l i t t l e  informat ion  is a v a i l a b l e  on q u a l i t y  o r  quan t i t y  of waste 

water from coal-conversion processes ,  and only  crude e s t i m a t e s  can b e  made of  

water p o l l u t a n t s .  Because t h e  p l a n t s  designed t o  d a t e  a r e  f o r  d ry  r eg ions ,  

no d ischarge  of waste water is  planned; and t h e r e  is no e x a c t  s p e c i f i c a t i o n  

f o r  water  t rea tment  o r  of  r e s i d u a l  wa te r  contaminat ion.  For  an a r e a  r i c h  i n  

wa te r ,  whether i t  would b e  more economical t o  treat was te  water  f o r  release 

o r  t o  p a r t i a l l y  c lean  it f o r  r e u s e  is  n o t  c e r t a i n .  

About 10-15% o f  t h e  water  consumed by an SNG f a c i l i t y  is used i n  t h e  

g a s i f i c a t i o n  i t s e l f .  Most of t h e  rest (> - 60%) is  used f o r  cool ing ,  b o t h  of  
.. \ 

t h e  g a s  s t r eam and of  s t e w - d r i v e n  Dumps and compressnrs. The rnl  l l m e  n f  

water used f o r  cool ing  can be  reduced g r e a t l y  by '  a i r  co&ling and h e a t  recovery 

w i t h i n  t h e  process .  Cooling-water makeup usua l ly  w i l l  lome from t r e a t e d  
, ,; 

p r o c e s s  water .  Blowdown w i l l  be  used t o  s l u i c e  ash  and then  b e  s t o r e d  i n  a 

pond, evapora ted ,  o r  discharged.  De ta i l ed  estimates of  w a t e r  cbnsumption are 

a v a i l a b l e  only  f o r  Lurg i  p roces s  f a c i l i t i e s  at a few s p e c i f i c  sites. The 

rate of  water  consumption can b e  va r i ed  by des ign  over  a wide range  t o  cor res -  

pond t o  t h e  a v a i l a b i l i t y ,  q u a l i t y ,  and c o s t  of water  and t h e  o p t i o n s  f o r .  

waste-water d i s p o s a l  at a site.  Table 2 .ll g i v e s  ranges of  water consumption 

f o r  a 250 x l o 3  sc f /day  SNG p l a n t  based on des ign  d a t a ,  e s t i m a t i o n s  of  minimal 

water use ,  and s imple  thermodynamic ba l ances .  



Table 2.11. Water Consumption ( c f s )  by a Unit SNG F a c i l i t y  

Upper L imi t s  17.05 - 20.15 

Lower L imi t s  6.2 - 11.6 

The lower l i m i t s  would apply t o  SNG f a c i l i t i e s  in areas where water is  

s c a r c e  o r  d i scharge  of waste water  could cause d i f f i c u l t y .  Water-consumption 

limits and waste-disposal  r e s t r i c t i o n s  were assumed t o  b e  s t o u t ;  a consumption 

rate o f  10 .8  c f s  was used f o r  uni t  SNG p l a n t s  (250 x 106sc f /day ) .  

Two approaches were used t o  estimate t h e  type  and amount of  p o l l u t a n t s  

t o  b e  expected from coa l  g a s i f i c a t i o n  and l i q u e f a c t i o n .  The f i r s t  is t o  de- 

termine t h e  amounts of  p o l l u t a n t s  c a r r i e d  by p roces s  l i q u i d  was tes .  This  in-  

formation w i l l  show t h e  abso lu t e  upper bound on how much p o l l u t a n t  could b e  

r e l ea sed .  Information on t reatment  processes  could b e  superimposed on t h e s e  

r a w  d a t a  t o  estimate more r e a l i s t i c  l e v e l s  of p o s s i b l e  e f f l u e n t s .  The second 

approach is  based on analogy w i t h  o t h e r ,  somewhat s i m i l a r ,  p roces s  f a c i l i t i e s  . 
New Source Performance Standards  (NSPS) are based on t h e  technology a v a i l a b l e  

f o r  waste-water t rea tment ,  no t  on amounts of  p o l l u t a n t s  r e s u l t i n g  from a 

process .  The NSPS f o r  c o a l - g a s i f i c a t i o n  f a c i l i t i e s  w i l l  s p e c i f y  process  

e f f l u e n t  r a t e s  t h a t  w i l l  b e  based on t h e  same t r ea tmen t  technology as t h a t  

f o r  "s imi la r t '  p l a n t s .  Thus, a p p r o p r i a t e  s c a l i n g  of process  s i z e  pe rmi t s  one 

t o  e s t i m a t e  t h e  f u t u r e  maximum a l lowable  l e v e l s  of  d i scharge .  

Table 2.12 l is ts  t h e  approximate loading  r a t e s  f o r  v a r i o u s  compounds 

i n  t r e a t e d  and un t r ea t ed  waste s treams from c o a l - g a s i f i c a t i o n  processes .  These 

r a t e s  are based on 250 x l o 3  sc f /day  of gas  product ion  us ing  I l l i n o i s  No. 6 c o a l .  

Recovery of  c e r t a i n  by-products be fo re  d i scha rge  w a s  not assumed i n  d a t a  under 

untreated op t ion .  A volume of 3 . 3  x 10\a1(1.25 x l o 4  ~ ~ ) / d a ~  of waste wa te r  

i s  assumed. 

2.4 COAL LIQUEFACTION 

"Coal l i q u e f a c t i o n t t  is  used t o  d e s c r i b e  a wide range o f  p roces ses  

t h a t  convert  c o a l  t o  c l ean  l i q u i d  f u e l . ,  The pr imary product may b e  equ iva l en t  

t o  r e f i n e d  petroleum products ,  unref ined  crude o i l ,  o r  a heavy b o i l e r  f u e l  

t h a t  might be a s o l i d  at ambient temperatures .  Most l i q u e f a c t i o n  p roces ses  

produce a range of  gaseous, l i q u i d ,  o r  s o l i d  byproducts bes ides  t h e  prinlary 



Table 2.12. Representa t ive  Water P o l l u t a n t  Loading from a 
250x10~ sc f /day  SNG P lan t  Using I l l i n o i s  No. 6 
Coal 

Untreated Trea ted  

Conc., mg/l Loading, lb /day  Conc, mg/l Loading, l b /day  

TS S 
PH 
Phenols  

O i l  
COD 
ROD 

m3 
Cyanide 
T o t a l  S o l i d s  

Thiocyanate 
rhospt late  as P 
Ch lo r ide  

F l u o r i d e  
so 4 
Fe 

Note : 

To conver t  l b  /day t o  kg/day,  m u l t i p l y  by 0.4536.  



environmental impact from t h e  a l t e r n a t i v e  s y n f u e l  processes .  These d i f f e r e n c e s  

may become sha rpe r  as p i l o t  p l a n t s  make a v a i l a b l e  d a t a  on s t a r t u p  and t r a n s i e n t  

e f f l u e n t s ,  system l e a k s  and s p i l l s ,  problems i n  product and byptsduct  s t o r a g e ,  

and t h e  exac t  composition of  a l l  e f f l u e n t  s t reams.  
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3 PROBLEW AND FUTURE TBENDS I N  EiVERGY SUPPLY 

3.1 INTRODUCTION 

This s e c t i o n  ana lyzes  p re sen t  problems and f u t u r e  t r ends  i n  energy 

supply f o r  I l l i n o i s ,  Ind iana ,  Michigan, Minnesota, Ohio and Wisconsin. These 

s t a t e s  form a r e l a t i v e l y  cohesive reg ion  wi th  many economic and s o c i a l  char- 

a c t e r i s t i c s  i n  common. They a l s o  s h a r e  environmental concerns a s s o c i a t e d  wi th  

energy development, such a s  p o l l u t i o n  of t h e  Great Lakes, p o l l u t i o n  of t h e  

a i r  by power p l a n t s ,  and d i s r u p t i o n  of prime a g r i c u l t u r a l  l and  by coa l  ex- 

t r a c t i o n .  

A key f e a t u r e  t h a t  u n i t e s  t h e  r eg ion  is  a shared need t o  develop new 

energy sources  t o  r e p l a c e  dwindling s u p p l i e s  of  o i l  and n a t u r a l  gas .  The 

former s u b s t a n t i a l  o i l  and gas product ion w i t h i n  t h e  states of I l l i n o i s ,  Ohio, 

and Michigan has  been reduced t o  a  small  f r a c t i o n  of t h e  r eg ion ' s  needs.* 

The s t eady  d e c l i n e  i n  t h e  r eg iona l  product ion of t h e s e  f u e l s  has  been fol lowed 

by d e c l i n i n g  r a t e s  of product ion i n  key supply a r e a s  o u t s i d e  t h e  region.  More- 

over ,  t h e  Canadian government has  begun a  gradual  phaseout of o i l  shipments t o  

t h e  U.S. This p o l i c y  i s  e s p e c i a l l y  troublesome t o  t h e  border  s t a t e s  of Minnesota 

and Michigan, which have seve ra l  r e f i n e r i e s  r e l y i n g  on Canadian crude o i l :  

S h o r t f a l l s  i n  na tura l -gas  s u p p l i e s  have r e s u l t e d  i n  vary ing  degrees o f  

d i s r u p t i o n  w i t h i n  a l l  consuming s e c t o r s  i n  Midwestern s t a t e s .  Table 3.1 shows 

t h a t  on ly  Michigan escaped t h e  need t o  c u r t a i l  use  by "firm" customers du r ing  

t h e  1975-76 h e a t i n g  season. Yet, even i n  Michigan t h e  gas supply was i n s u f f i -  

c i e n t  t o  meet a l l  p o t e n t i a l  demand. 

Thus f a r ,  t h e  ha rdes t -h i t  s e c t o r s  have been i n d u s t r i a l  and u t i l i t y  u s e r s  

of  gas ,  p a r t i c u l a r l y  i n  t h e  e a s t e r n  p a r t s  of t h e  r eg ion .  R e s i d e n t i a l  and f i r m  

c o m e r c i a l  u s e r s  a r e  j u s t  beginning t o  f e e l  t h e  e f f e c t s  of t h e  sho r t age .  I n  

many p a r t s  of t h e  reg ion ,  gas u t i l i t i e s  a r e  p roh ib i t ed  by r e g u l a t o r y  agenc ie s  

from adding new r e s i d e n t i a l  o r  commercial accounts .  Where new gas is a v a i l a b l e ,  

i t  is being reserved  f o r  u se  by small  r e s i d e n t i a l  and commercial u s e r s .  This  

cu r t a i lmen t  has  r e s u l t e d  i n  record numbers .of new e l e c t r i c a l l y  hea ted  b u i l d i n g s ,  

which i n c r e a s e  e l e c t r i c i t y  demand f u r t h e r .  The supply r e s t r i c t i o n s  a r e  l i k e l y  

t o  spread .  

*Total o i l  and gas product ion f o r  1975 w i t h i n  t h e  r eg ion  was equ iva l en t  t o  about 
98.4 m i l l i o n  b a r r e l s  of o i l ;  t h e  t o t a l  1975 demand was 1678 m i l l i o n  b a r r e l s .  





Table 3.2. E l e c t r i c i t y  S a l e s ,  1960-1972 

S a l e s ,  l o 6  kwh Annual Rate of 
s t a t e  1960 19 7 2 Growth, % 

I l l i n o i s  

Indiana  

Ohio 

Minnesota 

Michigan 

Wisconsin 

Tota l  
Res iden t i a l  
Commercial 
Indus t  r i a l  

T o t a l  
Res iden t i a l  
Commercial 
I n d u s t r i a l  

Tota l  
Res iden t i a l  
Commercial 
I n d u s t r i a l  

T o t a l  
Res iden t i a l  
Comer c i a 1  
Indus t  r i a l  

To ta l  
Res iden t i a l  
Commercial 
I n d u s t r i a l  

To ta l  
Res iden t i a l  
Commerical 
I n d u s t r i a l  

Eourcc : Edison Elec tri  ca.1 I n s t i t u t e ,  S t a t i s  ticaZ s ear book. 

3.2 ELECTRICAL ENERGY: DEMAND AND GENERATING CAPACITY 

Stud ie s  of e l e c t r i c i t y  demand have ranged from na ive  h i s t o r i c a l  t r e n d s  

t o  more t h e o r e t i c a l l y  s o p h i s t i c a t e d  models. ' Unt i l  t he  e a r l y .  1970s, t h e  t r e n d  

models performed extremely w e l l .  However, t h e  impacts of r e c e n t  even t s ,  such 

as t h e  o i l  embargo and t h e  impos i t ion  of s t r i n g e n t  a n t i p o l l u t i o n  r e g u l a t i o n s ,  

cannot be  accounted f o r  by t h e  t r end  approach. A s  a r e s u l t ,  t h e  p r e d i c t i v e  

power of  t h e s e  models, p a r t i c u l a r l y  f o r  Lurning-point errors, has  been poor. 

An a t tempt  has  been made t o  formula te  a s imple econometric model t h a t  e x p l i c i t l y  

t a k e s  some of t h e s e  i n s t i t u t i o n a l  and economic'changes i n t o  account .  



The f a c t o r s  used i n  t h e  model a r e  p r i c e s  of e l e c t r i c i t y  and n a t u r a l  gas 

popula t ion ;  and a measure of economic a c t i v i t y .  Sepa ra t e  models were es t imated  

f o r  each of t h e  t h r e e  end-use sec to r s :  i n d u s t r i a l ,  commercial, and r e s i d e n t i a l .  

I d e a l l y ,  f o r  e s t ima t ion ,  one would l i k e  each s e c t o r  t o  be  r e l a t i v e l y  homoge- . 

neous. Unfortunately,  i n d i v i d u a l  u s e r s  a r e  g e n e r a l l y  c l a s s i f i e d  on t h e  b a s i s  

of how much e l e c t r i c i t y  they  demand and not' by t h e i r  c h a r a c t e r i s t i c s .  As a 

r e s u l t ,  t h e  r e s i d e n t i a l  s e c t o r  is  probably t h e  most homogeneous and the 

commercial s e c t o r  t h e  l e a s t .  

The model s p e c i f i c a t i o n  used, i n  t h i s  s tudy  i s  similar t o  a widely used 

c l a s s  of econometric m o d e ~ s . ~  It has t h r e e  a n a l y t i c a l  f e a t u r e s  t h a t  have come 

t o  c h a r a c t e r i z e  postembargo models f o r  e l e c t r i c i t y  demand: (1) a dynamic 

stock-adjustment term; (2)  ex post average e l e c t r i c i t y  and gas p r i c e s ;  and 

( 3 )  pooled c ros s - sec t iona l  s t a t e  and annual  t ime s e r i e s  da t a .  

Each consuming s e c t o r  r e q u i r e s  a s l i g h t l y  d i f f e r e n t  s p e c i f i c a t i o n  of 

independent v a r i a b l e s  t o  account f o r  t h e  p a r t i c u l a r  f a c t o r s  i n f luenc ing  t h e  

s e c t o r  demand. I n  t h e  r e s i d e n t i a l  model, t h e  independent v a r i a b l e s  a r e  t h e  

average  p r i c e  of e l e c t r i c i t y  and per capita d i sposab le  income, and consumption 

is  es t imated  wi th  t o t a l  d i sposab le  income.and w i t h  average p r i c e s  of e l e c t r i -  

c i t y  p l u s  n a t u r a l  gas .  I n  t h e . i n d u s t r i a 1  model, t o t a l  consumption i s  aga in  

expressed a s  a func t ion  of average p r i c e s  of  e l e c t r i c i t y  and n a t u r a l  gas ,  bu t  

w i t h  va lue  added f o r  manufacturing. Disposable  i n d u s t r i a l  p r i c e s  are de- 

f l a t e d  by us ing  t h e  Whoiesaie P r i c e  Index f o r  manufadturing, .and income and 

a l l  p r i c e s  a r e  expressed i n  r e a l  terms. Conversion t o . r e a 1  terms i n  t h e  re -  

s i d e n t i a l  and commercial s e c t o r s  is achieved by us ing  t h e  consumer P r i c e  

Index (CPI) . 
I n  gene ra t ing  f o r e c a s t s ,  the assumprions made f o r  f u t u r e  va lues  of t h e  

independent v a r i a b l e s  have a major impact o n . t h e  growth rates. Standard d a t a  

sou rces  were used i n  formula t ing  t h e s e  f u t u r e  va lues .  The OBERS ( S e r i e s  El3  

f o r e c a s t s  of popula t ion  and personal  income were used. The p r i c e  f o r e c a s t s  

f o r  e l e c t r i c i t y  and n a t u r a l  gas  . a r e  based l , a rge ly  on t h e  FEA f o r e c a s t s .  4 

Overa l l ,  t h e  main d r i v i n g  f o r c e s  assat'iaced wich e l e c t r l c l l y  delllal~rl ace 

f o r e c a s t  to  d e c l i n e  from t h e i r  h i s t o r i c  r a t e s  a f  growth. Demographic analyses  

sugges t  t h a t .  lower b i k t h '  r a t e s  and n e t  migra t ion  from t h e  Midwest. w i l l  markedly 

lower popula t ion  growth i n  t h e  reg ion .  Related t o  t h e  above is t h e  f a c t  . tha t  

commercial and i n d u s t r i a l  a c t i v i t y  w i l l  be cons iderably  slower than  i n  t h e  



pas t .  The values fo recas t  f o r  e l e c t r i c i t y  demand by s t a t e  are given i n  

Table 3.3.* Overal l ,  t h e  growth in demand is  much slower (espec ia l ly  a f t e r  

1985) than the  h i s t o r i c  growth r a t e s  shown earlier. 

Future requirements f o r  e l e c t r i c a l  energy w e r e  t r a n s l a t e d  i n t o  t h e  

capacity addi t ions  necessary t o  s a t i s f y  t h i s  demand. Three genera l  require-  

ments arose  i n  attempting t o  charac te r i ze  the  number and type of generat ing 

f a c i l i t i e s  t o  be constructed within'  a s t a t e .  F i r s t ,  an es t imate  had t o  -be 

made of t h e  o v e r a l l  annual load f a c t o r s  wi th in  each a rea .  Second, an  appre- 

c i a t i o n  of t h e  ne t  annual t r a n s f e r s  of power from s t a t e  t o  s t a t e  had t o  be 

obtained,  and f i n a l l y ,  a combination of f u e l s  used t o  generate power had t o  be 

projected.  

Forecasting system load f a c t o r s  was l a r g e l y  judgmental. For the  l a s t  

few decades the  r a t e  of increase  i n  generat ing capaci ty  has outs t r ipped t h e  

growth of demand. For a va r ie ty  of reasons t h e  annual peak demand (PD) has 

grown much f a s t e r  than average demand (AD). I f  the  r a t i o  AD/PD ( i . e . ,  

load fac to r )  were t o  continue t o  decl ine ,  t h e  growth of capacity would con- 

t inue  t o  outpace energy demand. However, u t i l i t i e s  a r e  having d i f f i c u l t y  i n  

f inancing and s i t i n g  new baseload power p lan t s .  The marginal c o s t  of incre-  

mental capacity t o  the  u t i l i t y  (and soc ie ty  a t  l a rge )  i s  r i s i n g  rapidly .  

Therefore, t h i s  h i s t o r i c  d e t e r i o r a t i o n  in system load f a c t o r s  probably w i l l  

not continue. Regulations t o  have users  pay more of t h e  t r u e  s o c i a l  c o s t , o f  . 

e l e c t r i c a l  power consumed during peak hours a r e  likely.** 

The problem of con t ro l l ing  t h e  growth of peak demand i s  economic, not  

technological .  Technological means now e x i s t  f o r  con t ro l l ing  peak use of 

power. England, Wales, and West Germany have used s to rage  techniques with 

appropr ia te  t a r i f f s  t o  f l a t t e n  system load curves wi th in  an amazingly s h o r t  

t i m e . ?  Several  U.S. u t i l i t i e s  a r e  experimenting with s i m i l a r  peak-load 

pricixig schemes and s torage  devices. Both Madison Gas and E l e c t r i c  and De t ro i t  

*The model and parameter values a r e  discussed i n  more d e t a i l  in Appendix A. 

**The Wisconsin Public U t i l i t i e s  Commission has been a leading agency i n  t h e  
' . in t roduct ion of "marginal cost1'  p r i c ing  to  s e t t i n g  u t i l i t y  r a t e s .  

tJ. Asbury and A. K o v d i s  have described recent  experiences in load l e v e l i n g  
i n  England, Wales, and the  Federal Republic of Germany, personal  communication, 
Argonne National Laboratory, Apr i l  28,  1976. 



Table  3.3. Forecas t  T o t a l  Demand f o r  E l e c t r i c i t y  

Demand, m i l l i o n  kWh 

Annual Rate Annual Rate  Annual Rate  
of Growth, of  Growth, of Growth, 

. S t a t e  1975 % 1985 % 2000 % 2020. 

I l l i n o i s  86,960 5.4 147,.597 4.7 292,672 4.5 708,675 

Ind iana  50,764 6.6 95,922 5.0 199,588 4.8' 511,426 

Michigan 67,O 32 5 . 1  109,815 4.8 220,515 4.5 527,553 

Minnesota 28,251 7.4 57,851 5.0 119,784 4.8 304,217 

Ohio 108,002 5.7 188,244 5.0 392,439 4.7 ' 986,227 

Edison now o f f e r  s p e c i a l  r a t e s  f o r  customers w i th  ho t  water  h e a t e r s  t h a t  s h u t  

o f f  du r ing  peak load  pe r iods .  It is assumed t h a t ,  b e f o r e  2000, Midwestern 

u t i l i t i e s  gene ra l ly  w i l l  raise t h e  r a t i o  AD/PD. i here fore,' t h e  growth In 
i 

gene ra t ing  c a p a c i t y  is  somewhat l e s s  than  t h e  growth i n  energy demand given 

in Table  3.3."' 

A genera l  improvement i n  system l o a d  f a c t o r s  w i l l  a l s o  r e s u l t  i n  im- 

proved p l a n t  f a c t o r s  ( f r a c t i o n  of p o t e n t i a l  ou tpu t  a c t u a l l y  a t t a i n e d )  f o r  

c o a l - f i r e d  p l a n t s  and i n  fewer peaking u n i t s .  The p l a n t  f a c t o r s  assumed f o r  

t h i s  s tudy  ( s e e  Table 3.4) were based upon h i s l u r l c a l  u p r a t i n g  t r ends  far .. 

steam e l e c t r i c  p l a n t s  i n  each s t a t e .  The high f a c t o r s  f o r  n u c l e a r  p l a n t s  are 

g r e a t e r  than r e c e n t  exper ience  sugges ts  bu t  a r e  gene ra l ly  cons idered  t o  b e  t h e  

minimums necessary  f o r  t h e  economic o p e r a t i o n  of t h e s e  p l a n t s .  

For l o c a t i n g  t h e  above capac i ty ,  an  a t tempt  was made t o  c l a s s i f y  s t a t e s  

as t o  whether they were n e t  impor te rs  o r  e x p o r t e r s  of e l e c t r i c i t y .  This  

c l a s s i f i c a t i o n  w a s  made by consu l t i ng  t h e  E l e c t r i c  R e l i a b i l i t y  Council  Reports 

of  MAIN,  MARCA, and ECAR.' These sources  i n d i c a t e d  t h a t  Ohio, Minrlesoca, and 

I l l i n o i s  import e l e c t r i c i t y ;  and Michigan and Wisconsin a r e  n e t  expor t e r s .  

Ind iana  showed no s i g n i f i c a n t  t r a n s f e r s  i n  e i t h e r  d i r e c t i o n .  ~ e c a u s e  these 

- -  - 

*Improvements i n  p l a n t  r e l i a b i l i t y  and u t i l i t y  i n t e r t i e s  would reduce  t h e  
c a p a c i t y  r e s e r v e  margins .held by u t i l i t i e s .  This  r educ t ion  would a l s o  tend  
t o  slow t h e  growth i n  gene ra t ing  capac i ty  s l i g h t l y .  



Table 3.4. P ro j ec t ed  *Plant   a actors f o r  2000 and 2020 

Fuel S t a t e  
P l an t  Fac tor  

2000 2020 

Coal I l l i n o i s  0.53 0.55 
Indiana 0.57 0.59 
Michigan 0.57 0.59 
Minnesota 0.55 0.57 
Ohio 0.. 56 0.59 
Wisconsin 0.52 0.54 

A l l  O i l  0.40 0.40 

Nuclear A l l  

Other A l l  

t r a n s f e r s  appeared t o  be smal l  ( l e s s  than  3% of any given s t a t e ' s  t o t a l  de- 

mand), no adjustments  were made t o  capac i ty  needs t o  r e f l e c t  t r a n s f e r s .  

The R e l i a b i l i t y  Council Reports of MAIN,  MARCA, and ECAR were used t o  

formula te  c a p a c i t y  (Table 3.5) f o r  each s t a t e  i n  1985. The c a p a c i t y  mix 

f o r  1985 was then  used, i n  conjunct ion  w i t h  t h e  above a s s k e d  p l a n t  f a c t o r s  

(Table 3.4) f o r  each p l a n t  type ,  t o  a r r i v e  a t  t h e  f u e l  mix f o r  1985. The 

r e s u l t i n g  f u e l  mix f o r  1985 is given . i n  . Table 3.6, a long  wi th  p r o j e c t i o n s  t o  

2020. The f u e l  mixes p ro j ec t ed  f o r  2000 and 2020 were based on a  number of 

judgmental cons ide ra t ions .  I n  t h e  long  run ,  t h e  percentage  of coa l  used i n  

t h e  genera t ion  of e l e c t r i c a l  power is l i k e l y  t o  diminish i n  a l l  s t a t e s ,  due 

t o  d e p l e t i o n  of c o a l  r e sou rces . and  environmental problems of mining and 

combustion. The above f a c t o r s . w i l 1  r e s u l t  i n  sha rp ly  r i s i n g  p r i c e s  f o r  c o a l .  

A d e t a i l e d  breakdown of  capac i ty  needs by s t a t e  is given i n  Table 3.7. 

I t  shows 1 l l i n o i s . l e a d i n g  a l l  o t h e r  s t a t e s  i n  t o t a l  capac i ty  i n  t h e  n e a r  

term. However, by 2020 Ohio's capac i ty  requirement  l e a d s  I l l i n o i s  by a  

s i z a b l e  margin. I n  f a c t ,  t h e  genera t ing  c a p a c i t y  f o r  Ohio is  n e a r l y  tw ice  

t h e  combined needs f o r  t h e  s t a t e s  of  Minnesota and Wisconsin. It should  b e  

caut ioned t h a t  t h i s  wide v a r i a t i o n  is based upon a con t inua t ion  of h i s t o r i c a l  

demand r e l a t i o n s h i p s ,  both f o r  average and peak demand. Problems w i t h  s i t i n g ,  

r e sou rces ,  o r  t h e  environment could e a s i l y  t r i g g e r  i n s t i t u t i o n a l  changes i n  

r e l a t i o n s h i p s  between e l e c t r i c i t y  supply and demand. 



Table 3.5. E l e c t r i c  U t i l i t y  Generat ion Capaci ty  According t o  Fue l  
Type (% o i  t o t a l  kWh genera ted  by type)  , 

1 9  75 

F o s s i l  Fue ls  

S t a t e  Coal O i l  Gas Nuclear Hydro o t h e r a  T o t a l  

I l l i n o i s  61.19 8.46 0.38 20.97 0.02 8.98 100.00 

Ind i ana  91.42 2.43 1 .53  0 0.. 61  4.01 100.00 

Michigan 51.32 18.65 0.12 9.33 12.32 8.26 100.00 

Minnesota 48.38 1.81 1.70 28.43 2 .I1 17.57 100.00 

Ohio 88.60 2.73 0.83 0 0 7.84 100.00 

Wisconsin 58.21 0.73 3.61 17.56 4.76 15.07 100,OO 

1985 

I l l i n o i s  ' 46.44 11.25 0 36.90 0.01 5.40 100.00 

~ n d i a n a  84.82 1 . 3 9 .  0.87 10.2'8 . 0.35 ,2.29 100.00 

Michigan 48.91 15.38 0.09 19.16 9.55 6.91 . 100.00 

Minnesota 60.85 1.19 0.50 18.69 1.39 17.38 100.00 

Ohio 69.93 1.66 0 23.02 0.11 5.28 100.00 

Wisconsin 54.73 0.30 0.24 28.12 3.12 12.89 100.00 
- - -  - -  - 

a 
Turbine ,  d i e s e l  and combined cyc l e .  

Source:  Na t iona l  E l e c t r i c  R e l i a b i l i t y  Counci l  Repor t s ,  1974. 



Table 3 . 6 .  E l e c t r i c  U t i l i t y  Generation according t o  Fuel 
Type '(%..of: - t o t a l  kwh generated by type) 

O i l /  
S t a t e  Coal ~ a t u r a l  Gas . " ' Nuclear Other Tota l  % 

I l l i n o i s  
Indiana 
Michigan 
Minnesota 
Ohio 
Wisconsin 

I l l i n o i s  
Indiana 
Michigan 
Minnesota 
Ohio 
Wisconsin 

I l l i n o i s  
Indiana 
Michigan 
Minnesota 
Ohio 
Wisconsin 

I l l i n o i s  
Indiana 
Michigan 
Minnesota 
Ohio 
Wisconsin 

%umbers i n  parentheses i n d i c a t e .  f u e l  mix f o r  I l l i n o i s  i n  High Coal Use 
Scenario. 



Tab le  3.7. P r o j e c t e d  Capac i t y  (MW) acco rd ing  t o  Fue l  Type 

O i l /  
S t a t e  Coal  N a t u r a i  Gas " Nuclear  Other  T o t a l  

I l l i n o i s  21,103 4,226 16 ,451  -- 41,780 

I n d i a n a  23,180 -- 2,356 -- 25,356 

Michigan 12,229 4,677 4,387 1,872 2 3,165 

Minnesota  10,159 -- 1,755 -- 11,9141 

Ohio 27,672 1,120 7,085 - - 37,877 

Wisconsin  6,278 -- 4,248 512 11,038 

L l l i n o i s  27,106 6,681 25,451 2,228 61,466 

I n d i a n a  29,180 5 69 9 ,041  1,519 40,309 

Michigan 23,406 6,293 12,786 8 ,391  50,876 

Minnesota  16 ,160  34 2 6,294 4,558 27,354 

Ohio 54,399 1,120 21,333 2,986 79,838 

Wisconsin  9,278 -- 5,570 2,924 17,772 

I l l i n o i s  51,481 10,112 68,186 5 ,393  135,172 

I n d i a n a  57,392 1,459 33,361 3,829 96,041 

Michigan 44,163 10,539 38,715 16,059 109,476 

Minnesota  33,509 868 19,845 9,261 63,483 

O i i b  110,675 2,814 64,333 7,505 185,327 

Wisconsin  16,992 -- 15 ,491  5,561 38,044 



Wisconsin, Michigan, and Minnesota have almost no foss i ' l  f u e l  resources  

and may ' have t o  import expensive f o s s i l  energy o r  nuc lea r  power. This  problem 

is  n o t  q u i t e  as d i f f i c u l t  i n  Minnesota, because of its r e l a t i v e l y  easy access  

t o  t h e  Northern Great P l a i n s  c o a l ,  which has  s t r o n g  long-term supply p o t e n t i a l .  

S ince  I l l i n o i s  has t h e  l a r g e s t  coa l  r e se rves  of  any s i n g l e  state, u t i l i t i e s  

i n  I l l i n o i s  and Southern Indiana  w i l l  have ready access  t o  long-term s u p p l i e s  

and are assumed t o  maintain a h igh  leve l ' ,o f  c o a l  usage. 

Natura l  gas ,  h y d r o e l e c t r i c  power, and o i l  are n o t  compet i t ive  energy 

sources  i n  t h e  Midwest and should decrease  i n  r e l a t i v e  importance. Shortages 

of n a t u r a l  gas have a l r eady  occurred.  These shor tages  have placed i n s t i t u -  

t i o n a l  and economic impediments i n  t h e  way of f u r t h e r  use of n a t u r a l  gas by 

u t i l i t i e s .  The Federal  Power Commission and many states have e f f e c t i v e l y  

p roh ib i t ed  expansion of n a t u r a l  gas use f o r  steam b o i l e r s ;  i t s  f u t u r e  use  w i l l  

be almost exc lus ive ly  f o r  f u e l i n g  t u r b i n e  genera tors .  

O i l  is too expensive f o r  ex tens ive  use i n  t h e  Midwest. It w i l l  con t inue  

t o  be  used as a f u e l  f o r  peaking p l a n t s  and as a backup f o r  c o a l  bu t  n o t  as a 

primary f u e l  f o r  baseload p l a n t s .  

Hydroelec t r ic  power is  economically a t t r a c t i v e ,  bu t  i t s  p o t e n t i a l  is 

l i m i t e d  i n  t h e  Midwest ( see  Table 3.8).  Environmental and r e c r e a t i o n a l  i n t e r -  

ests can be expected t o  muster s i g n i f i c a n t  oppos i t ion  t o  t h e  f u r t h e r  develop- 

ment of h y d r o e l e c t r i c  p r o j e c t s .  Hydroelec t r ic  capac i ty  is expected t o  reach  

i t s  maximum by 1985 and w i l l  d iminish i n  r e l a t i v e  importance. 

Table 3.8. Hydroelec t r ic  Generation Capacity 

Developed Developed P o t e n t i a l  
S t a t e  Capacity Capaci ty,  MW Developed, % 

I l l i n o i s  35 206 14.6 

Indiana  9 4 315 22.9 

Michigan 38 7 2 78 58.1 

Minnesota 169 136 55.4 

Ohio 3 31 7 0.8 

W i s  con,sin 42 6 188 69.4 

Source: Federal  Power Commission, HydroeZectric Power (Jan. 1972). 
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1 

All  of these  f a c t o r s  suggest . . t h a t  nuclear  power w i l l  become, almost 

by d e f a u l t ,  an  increas ingly  important source of e l e c t r i c i t y . *  Table 3.9 

conta ins  recent  information on e x i s t i n g  and planned nuclear  power p l a n t s  f o r  

each s t a t e  in the  Midwest. Although I l l i n o i s  has been a leading s t a t e  i n  the  

use of nuclear  power, o t h e r  Midwestern s t a t e s  may have to  equal o r  exceed 

I l l i n o i s  i n  terms of nuclear  dependence. This development w i l l  occur because 

of t h e  increas ing c o s t  of coal  due to' t h e  deple t ion of coal  reserves and. 

added environmental con t ro l s .  

Projec t ions  f o r  2000 and 20.20 (see Table 3.6) were obtained by assess ing 

the  above t rends  i n  power generat ion and the  r e l a t i v e  cos t s  of f u e l s .  However, 

t h e  widely d i f f e r e n t  growth pa t t e rns  f o r  nuclear  power cannot be explained by 

economic f a c t o r s  alone.  For example, nuc lea r  power add i t ions  i n  Ohio g r e a t l y  

exceed those of Indiana,  two s t a t e s  i n  which f o s s i l  energy c o s t s  a r e  near ly  
. . 

equal .  Presumably c a p i t a l  and const ruct ion c o s t s  would a l s o  be s imi la r .  Why 

then,  a r e  u t i l i t i e s  i n  Cincinnati ,  Toledo, and Cleveland projec ted  t o  expand 

t h e i r  use of nuc lea r  power so  rapidly?  Apparently, in tang ib le  p o l i t i c a l  and 

s o c i a l  f a c t o r s  s t rongly  a f f e c t  a u t i l i t y ' s  choice of p l a n t  type a s  w e l l  a s  t h e  

r e l a t i v e  economics. The degree of r e l i a b i l i t y  of these  projec t ions  is great-  

est f o r  1985 ( f o r  which known indust ry  p1ans':are used) and become more con jec tu ra l  

a s  they a r e  extended from the  industry planning horizon. 

Also shown i n  Table 3 .6  is an a l t e r n a t i v e  scenar io  f o r  I l l i n o i s  f o r  

2000 and 2020 i n  which a s i g n i f i c a n t l y  high percentage of I n t e r i o r  Province 

coa l  is used f o r  e l e c t r i c a l  generation ins tead of nuclear  o r  low-sulfur 

Western coal .  This scenar io  represents  a maximum c r e d i b l e  upper bound i n  t h e  

poss ib le  use of i n  state-produced coal  f o r  I l l i n o i s .  The l imi ted  growth i n  

nuclear  power could be in te rp re ted  as  t h e  r e s u l t  of a nuclear  moratorium a f t e r  

1985. 

The scenar io  has various environmental impl ica t ions ,  r e s u l t i n g  from 

higher  s u l f u r  l e v e l s  of t h e  I l l i n o i s  coa l ,  which a r e  discussed i n  subsequent 

. . . . - - 

*In the  long t e r m ,  technology based on renewable resources,  such a s  s o l a r  
energy, o r  untapped sources of energy, such a s  peat o r  s o l i d  waste, may begin 
t o  add an a l t e r n a t i v e  t o  the  nuclear-coal t r adeof f .  However, u t i l i t y  re- 
s i s t a n c e  to  unproven sources and the  somewhat uncer ta in  economics of these  
energy sources w i l l  l i m i t  t h e i r  growth during t h e  rest of t h i s  century.  More- 
over,  s ince  t h i s  study focuses on the  impacts of increased coal  development, 
exclusion of o the r  "advanced" sources was appropriate.  



T a b l e  3.9. Existing and  P l anned  N u c l e a r  Power 
P l a n t s  in  Midwest 

Capacity, 
Net ki lowat ts  

Commerci a1 
Operation 

Morris 
Pbrr io  
brrim 
Zion 
Zion 
Cordova 
Cordova 
Seneca 
Seneca 
Byron 
Byron 
Braidwood 
Braidwood 
Clinton 
Clinton 

INDIANA 

Westchester 
Madison 
Madison 

MICHIGAN 

Big Rock point  
South Haven 
Lagonna Beach 
Bridgman 
Bridgman 
Midland 
Midland 
S t .  C la i r  Co. 
S t .  C la i r  Co. 

Hon t ice110 
Red Wing 
Red Wing 

OHIO 

Oak Harbor 
Oak Harbor 
Oak Harbor 
Perry 
Perry 
Moscow 
Hoscov 

Gen oa 
Two Creeke 
Two Creeks 
Carlton 
F t .  Atkinson 
F t .  Atlrinnnn 
Durind 

Source: Energy Research and Development Administration, June 30, 1976. 



s e c t i o n s  of t h i s  repor t .  The two I l l i n o i s  scenar ios  represent  sharply  con- 

t r a s t i n g  s i t u a t i o n s  t h a t  h igh l igh t  some of the  impacts of coa l  conversion. f o r  

e l e c t r i c a l  generat  ion .  

UTILITIES: SOURCES 

The previous s e c t i o n s  have discussed expected growth i n  e l e c t r i c i t y  

demand and u t i l i t y  f u e l  mixes. These v a r i a b l e s  a r e  t h e  primary determinants 

of t h e  u t i l i t y  demand f o r  coal .  Even though t h e  percentage s h a r e  of coa l  used 

i n  t h e  f u e l  m i x  should decl ine ,  t h e  exponential  growth i n  demand f o r  e l e c t r i -  

c i t y  is expected t o  overwhelm t h i s  dec l ine  and prompt s u b s t a n t i a l  abso lu te  

growth i n  demand f o r  coal  by e l e c t r i c  u t i l i t i e s  'YhfS ~ P O W K P L  i s  i l l u s t r a t e d  

by con t ras t ing  t h e  h i s t o r i c a l  l e v e l s  of u t i l i t y  coal  consumptiun i n  Table 3.10 

w i t h  t h e  projec ted  p a t t e r n s  f o r  consumption i n  Table 3.11. 

Recently enacted a i r -po l lu t ion  staxldards have s t rong ly  a f f e c t e d  t h e  

e l e c t r i c  u t i l i t y  demand f o r  coal .  The choice of coal  type  s t rong ly  inf luences  

t h e  environmental, economic, and land use-impacts of coal  use in genera t ion of 

e l e c t r i c i t y .  Newly constructed 100-MW power p l a n t s  must m e e t  Federal  limits o f  

1 .2  l b  SOn per' l o 6  Btu of f u e l  burned. I n  most p l a n t s ,  t h e  l i m i t  can b e  met 

by using e i t h e r  low-sulfur coal  a lone  o r  high-sulfur  coal  w i t h  c o n t r o l  devices.  

However, some s t a t e  s tandards  a r e  so  s t r i n g e n t  t h a t  u t i l i t i e s  w i l l  have 

t~ either scrub the f l u e  gas o r  wash even western coal  t o  obta in  compliance. 

Table 3 . lo .  1975 In te r reg iona l  Coal Flows f o r  E l e c t r i c  u t i l i t i e sa  
( l o 3  tons per  year) 

- .. 
N o r t h e r n  R0ck.y 

S t a t e  Appalachian I n t e r i o r  . Gulf Great P l a i n s  Mountains 

Ohio 44 .I 2 .1  0 0.6 0.4 

Indiana  0.4 25.0 0 3.2 . 0.1 

I l l i n o i s  0.2 21.2 0 9.0 0 .1  

21.8 Michigan, 2.5 0 1 .0  . 0.2 

Wisconsin 0.8 6.8 0 3.0 0 

Minnesota 0 1.6 0 7.9 0.1 

a 
These flows have been modified from U .S . Bureau of Mines, ~itwninous Coal and 
Lignite Distribution fo r  1975, Washington, D .C., pp. 14-20 and p. 49 (Apri l  
1'2, 1976). They are approximate because i n  many cases  end use  was no t  specl -  
f i e d  p r e c i s e l y  f o r  coal  from a given supply region.  



a 
Table 3.11. Annual Coal Consumption f o r  E l e c t r i c a l  Generation 

( l o 6  tons  pe r  year)  

I n t e r i o r  Coal Province Eas tern  Coal Province 
West e r n  

Year I l l i n s i s  Indiana W. Ky. Ohio Other,  High S.  Other, Low S. Co a1 

19 85 

Ill. 19.34 - 0.97 - 
Ind  . 6.91 18.76 - - 
Mich . - - - - 
Minn . 2.16 - - - 
Ohio - - - 29.27 
Wisc . 
T o t a l  

2000 - 
Ill .a 32.48 (59.14) - 2 .OO - - - 20.57 (12.96) 
Ind  . 18.12 26.37 - - - - 18.22 
Mich.. - - - - 31.93 - 16.02 
Minn . 4.25 - - .  - - - 33.60 
Ohio - - - 48.78 27.15 10.78 16.33 
Wisc. 9.32 - - - - - 9.67 
To ta l  64.17 ,(go. 83)- 2 .OO 48.78 59.08 10.78 116.41 (108.60) 

2020 

Ill. 60.88 (211.45) - 4.04 
Ind  . 49.46 24.79 - 
Mich . - - - 
Minn . 7.98 - - 
Ohio - - - 
Wise. 
To ta l  

%umbers i n  pa;entheses i n d i c a t e  c o a l  consumption f o r  I l l i n o i s  High Coal E l e c t r i c  Scenario.  
Assumes 33% thermal e f f i c i e n c y  f o r  1985 and 38%. f o r  2000 and 2020. Coal h e a t  content  assumed t o  b e  
22 x l o 6  Btu/ ton .  f o r  I n t e r i o r  Province, 23.8 x l o 6  f o r  Eas tern  Province, and 1 8  x l o 6  f o r  Western coa l s .  



Furthermore, f l u e  gas from low-sulfur l i g n i t e  must be  scrubbed t o  meet even 

Federal  s tandards because of l i g n i t e ' s  very low heat  content.  

I n  genera l ,  t h e  most important f a c t o r s  a f f e c t i n g  t h e  use of low-sulfur 

c o a l  a r e  what e l e c t r i c  u t i l i t i e s  w i l l  do t o  comply with regula t ions  and t h e  

r e l a t i v e  t r anspor ta t ion  cos t s  t o  sources of high- and low-sulfur coal .  Most 

u t i l i t i e s  i n  the  Midwest a r e  now burning low-sulfur coal  r a t h e r  than applying 

con t ro l  methods t o  burning of high-sulfur  coal .6 The proport ion o u t  of com- 

. pl iance  is expected t o  diminish and t h e  r a t i o  of ,control usage t o  low-sulfur 

c o a l  is expected t o  inc rease  because of technological  improvements. Coal-consump- 

t i o n  projec t ions  i n  Table 3.10 a r e  based on an o v e r a l l  regional  use f o r  1985, 

about 35% low s u l f u r  and 65% high su l fu r .*  

'l'hese percentages have been es tab l i shed  wi th  t h e  a i d  of a formal model 

of coal  markets. The model minimized t h e  del ivered cos t  of obta in ing coal  a t  

var ious  demand centers .  Each center  i s  a l loca ted  low-sulfur coa l ,  h ter-  

mediate s u l f u r  coal  with washing, o r  high-sulfur  coal  wi th  scrubbers f o r  f l u e  

gas. 

Within t h e  Midwest, u t i l i t y  companies d i f f e r  i n  how they con t ro l  s u l f u r ,  

wi th  no systematic p a t t e r n  by s t a t e .  A s  methods t o  con t ro l  s u l f u r  p o l l u t i o n  

receive  more indust ry  acceptance, d i f ferences  i n  t r anspor ta t ion  c o s t s  f o r  

western low-sulfur coal and f o r  high-sulfur  c o a l  w i l l  p r imar i ly  determine the  

market sha re  of  each.7 For t h i s  reason, Ohio and Michigan w i l l  use the  most 

high-sulfur  coal  and Minnesota w i l l  bum, low-sulfur coal  almost exclusively 

because the  l i g n i t e  f i e l d s  of t h e  Dakotas and t h e  subbituminous coa l  of t h e  

Powder River a r e  c lose .  Annual coal  consumption f o r  e l e c t r i c  generat ion by 

source  i s  given in Table 3.11. 

Although t h e  proport ion of low-sulfur coa l  used i n  each s t a t e  w i i l  re- 

main about constant  from 1985 t o  2020, i t  is  a s u b s t a n t i a l  increase  over t h a t  

in  1975, e spec ia l ly  i n  Ohio, Indiana,  and Michigan, as can be seen by comparing 

Table 3.10 with Table 3.11. The o the r  s i g n i f i c a n t  change is t h a t  consumption 

of high-sulfur  coal  is  being s l i g h t l y  more loca l i zed .  Therefore, Ohio and 

" rh i s  r a t i o  has been re ta ined  genera l ly  f o r  2000 and 2020 because of uncer ta in tv  
about t h e  values t o  be  assigned t o  t h e  re levan t  va r iab les .  For ins tance ,  en- 
vironmental pol icy  is  uncer ta in ,  and how much t h e  cos t  of con t ro l  technology 
w i l l  decrease is a l s o  i n  doubt. 



Indiana ,  f o r  example, a r e  p ro j ec t ed  t o  cease  sh ipping  c o a l  t o  each o t h e r .  

It was decided t h a t ,  s i n c e  t h e i r  c o a l  r e s e r v e s  were of about equa l  s u l f u r  

con ten t ,  l i t t l e  j u s t i f i c a t i o n  e x i s t e d  f o r  import ing each o t h e r  's c o a l .  This  

r a t i o n a l e  was a l s o  app l i ed  t o  t h e  o t h e r  s t a t e s  i n  t h e  reg ion  so  t h a t  they  

o b t a i n  t h e i r  high-sulfur  c o a l  e n t i r e l y  from t h e  c l o s e s t  c o a l  source.  

The e s t ima te s  of c o a l  product ion i n  Table 3.11 show t h a t  a l l  s i g n i f i c a n t  

I r e g i o n a l  product ion w i l l  occur i n  Ohio, Ind iana ,  and I l l i n o i s ,  and t h e  c o a l  

w i l l  be  r e l a t i v e l y  high i n  s u l f u r .  , I n t r a s t a t e  product ion f o r  i n d u s t r i a l  . 

' . consumption ( i n  d i r e c t  combustion) should decl ine, ,  given t h a t  i n d u s t r i a l  

b o i l e r s  w i l l  r e q u i r e  use  of low-sulfur  c o a l  a s  t h e  only  p r a c t i c a l  c o n t r o l  

technology and t h a t  n e g l i g i b l e  low-sulfur  r e s e r v e s  e x i s t  i n  t h e s e  s t a t e s .  

The low-sulfur c o a l  i s  expected t o  be b id  away from t h e  e l e c t r i c  u t i l i t i e s  

by i n d u s t r y ,  which can be assumed t o  have a  more i n e l a s t i c  demand f o r  such 

c o a l .  Yet, consumption by e l e c t r i c  u t i l i t i e s  of i n t r a s t a t e  h igh-su l fur  c o a l  

is  no t  expected t o  i nc rease  g r e a t l y  from p resen t  amounts i n  Indiana and Ohio, 

because of r e s e r v e  d e p l e t i o n  and t h e  high c o s t s  of expanding product ion i n  

t h e s e  a r e a s .  Higher c o s t s  can be expected because of i nc reas ing  u s e  of t h inne r  

seams and deep 'mining.  I l l i n o i s  has  t h e  most abundant minable r e s e r v e s  of  any 

s t a t e .  I n  a d d i t i o n ,  more c o a l  should be a v a i l a b l e  by s t r i p . m i n i n g  a t  competi- 

t i v e  p r i c e s  i n  I l l i n o i s  than  i n  Indiana o r  Ohis. '  Therefore,  t o t a l  product ion 

w i t h i n  I l l i n o i s  f o r  u t i l i t y  markets should i n c r e a s e  cons iderably  i n  a b s o l u t e  

terms . 

3.4 COAL GASIFICATION 

The s i z e  of a  syn the t i c - fue l s  i ndus t ry  i n  t h e  U.S. w i l l  be l i m i t e d  f o r  

t h e  next  t e n  yea r s .  The l e a d  t imes necessary  f o r  b r ing ing  f i r s t - g e n e r a t i o n  

conversion p l a n t s  on l i n e  is  a t  l e a s t  f i v e  yea r s  and i s  even longe r  f o r  more 

advanced processes .  Two f i r s t - g e n e r a t i o n  commercial-scale g a s i f i c a t i o n  p l a n t s  

may come on l i n e  by 1985, one i n  North Dakota, and t h e  o t h e r  i n  New Mexico. 

No commercial p l a n t s  a r e  now scheduled f o r  t h e  Midwest. Beyond 2000, p o s s i b l e  

syn the t i c - fue l  ou tput  i s  l a r g e .  Severa l  s t u d i e s  have es t imated  U.S. product ion 

a t  5-20 q u a d r i l l i o n  Btu by 2020. 

I l l i n o i s  and Indiana ,  p a r t i c u l a r l y  I l l i n o i s ,  a r e  l i k e l y  t o  c a p t u r e  a  

s i g n i f i c a n t  s h a r e  of t h e  U.S. syn fue l s  i ndus t ry .  ~ l l i n o i s  a l r e a d y  has  t h r e e  

major ERDA-sponsored demonstrat ion p r o j e c t s  f o r  c o a l  conversion.  I l l i n o i s  has  



s i g n i f i c a n t  c o a l  r e s e r v e s  and r e l a t i v e l y ,  p l e n t i f u l  water s u p p l i e s  t o  

suppor t  a mature i ndus t ry .  Many.of t h e  development problems a r e  mi t iga t ed  

by t h e  I l l i n o i s  t r a d i t i o n  of c o a l  e x t r a c t i o n  and s i z a b l e  l a b o r  f o r c e  i n  and 

around coal-mining areas. A well-developed t r a n s p o r t a t i o n  network connected 

t o  nearby demand c e n t e r s  completes t h e  set of f avo rab le  cond i t i ons  i n  I l l i n o i s  

f o r  a p o t e n t i a l  s y n f u e l s  i ndus t ry .  

Most of  t h e s e  f a c t o r s  a r e  a l s o  p re sen t  i n  e a s t e r n  Ohio, b u t  c o a l  r e se rves  

t h e r e  are f a i r l y  dep le t ed .  Af t e r  2000, t h e r e  may n o t  b e  enough l o c a l l y  con- 

c e n t r a t e d  c o a l  r e se rves  i n  Ohio t o  supply the  150 m i l l i o n  tons  r equ i r ed  ove r  

t h e  l i f e  of a 250 x  l o 6  c f /day  p l a n t .  Therefore ,  t h i s  r e p o r t  focuses  on t h e  

long-term p o t e n t i a l  f o r  a g a s i f i c a t i o n  Yndustry i n  Indiana  and I l l i n o i s .  

The tenuous near-term-future of t h e  syn fue l s  i ndus t ry  l e a d s  us t o  con- 

s i d e r  t h a t  s y n f u e l  conversion might reach s i g n i f i c a n t  l e v e l s  w i t h i n  50 yea r s .  

Because of t h e  c u r r e n t l y  unfavorable  economics of  s y n f u e l s ,  no commercial' 

p l a n t s  were expected t o  b e  i n  ope ra t ion  by 1985. We assumed t h a t ,  by 2000, 

I l l i n o i s  could con ta in  s i x  s t anda rd  s i z e  (250 x  l o 6  cf /day)  second-generation 

g a s i f i c a t i o n  p l a n t s ,  and 1 4  p l a n t s  by 2020. It w a s  f u r t h e r  assumed t h a t  

Ind iana  would con ta in  one s t anda rd  g a s i f i c a t i o n  p l a n t  i n  2000 and f i v e  i n  2020 

r e s p e c t i v e l y .  These p l a n t s  would a l l  be n e a r  feed-supplying mines and would 

supply i n  t u r n  t h e i r  gas products  t o  markets i n  t h e  Midwest. Likel'y sites f o r  

t h e s e  p l a n t s  were l a r g e l y  drawn from an  e a r l i e r  s tudy  of  g a s i f i c a t i o n  p o t e n t i a l  

f o r  ~ l l i n o i s  a s  w e l l  a s  r e c e n t l y  announced indus t ry  p l a n t s .  l o  The p r o j e c t e d  

number of p l a n t s  and a s s o c i a t e d  c o a l  consumption are summarized i n  Table 3.12. 

The impact of  t h e  above l e v e l  of g a s i f i c a t i o n  on s u p p l i e s  o f  gaseous 

f u e l s  is shown i n  F ig .  L.5, which shows t h e  t o t a l  Midwest demand f o r  methane 

and t h e  propor t ion  obta ined  from c o a l  g a s i f i c a t i o n .  The t o t a l  demand has  

a  slow growth, a t t r i b u t a b l e  t o  p r i c e  i n c r e a s e s  and popula t ion  s t a b i l i z a t i o n ;  

thus, the assumed level  of coa l  g a s i f i c a t i o n  accounts  f o r  almost h a l f  of ' .  

t o t a l  s u p p l i e s  of gaseous f u e l  by t h e  y e a r  2020. 



Table 3.12.. Annual Coal' Consumption Scenar ios  f o r  Coal 
Synfuel '  Conversion i n  t h e  Midwest 

Number of  . . . . , . . . Coal Consumptign, 
Year . ~ o m c r c i a i  . P l a n t s  . . 10 tons lvea r  

1985 

Ill in0  is 
Indiana  

2000 

I l l i n o i s  
Ind iana  

2020 

I l l i n o i s  14 
.. . 

7 0 
Ind iana  5 " " 2 5 

%ased on a s t anda rd  250 x l o 6  &cf /day  (950 B t u l s c f )  f a c i l i t y  
w i t h  70% thermal  e f f i c i e n c y ,  330 days lyear ,  22 x l o 6  B tu l ton  
c o a l ,  o r  approximately 5 x 10 t o n s l y e a r  p e r  f a c i l i t y  . 
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4 SITING PATTERNS 

Ful l  assessment of impacts and cons t ra in t s  r e l a t e d  t o  coal  g a s i f i c a t i o n  

requ i res  a desc r ip t ion  of the  geographical d i s t r i b u t i o n  of t h e  processes 

t h a t  a r e  p a r t  of t h e  coal  energy cycle. This s i t i n g  p a t t e r n  is  necessary 

t o  consider area-speci f ic  impacts r e l a t e d  t o  these  processes and t h e  c'umula- 

t i v e  impacts of t h e  e n t i r e  coal-related energy system wi th in  a region. ( 

Future s i t i n g  p a t t e r n s ,  including t h e  c h a r a c t e r i s t i c s  of t h e  f a c i l i t i e s  

a t  each s i te ,  cannot be predicted.  However, i t  is poss ib le  to  construct  a 

p l a u s i b l e  set of a pr ior i  assumptions f o r  s i t i n g  c r i t e r i a  and procedures t h a t  

w i l l  r e s u l t  i n  t h e  s t ra ight forward p ro jec t ion  of a p a t t e r n  f o r  s i t i n g  &nd tech- 

nology consis tent  with those  assumptions. An evaluat ion of t h e  impacts and 

cons t ra in t s  f o r  tha t  pa t t e rn  can then b e  used t o  guide d e f i n i t i o n  of s i t i n g  

and technology options t h a t  can be  analyzed t o  determine associa ted  trade-offs  . 
I n  t h i s  study a base l ine  s i t i n g  p a t t e r n  f o r  t h e  s i x - s t a t e  region and a 

second s i t i n g  p a t t e r n  i n  I l l i n o i s  incorporating high use of I l l i n o i s .  coa l  

have been developed from t h e  c r i t e r i a  and procedures described below. The 

r e s u l t i n g  s i t i n g  pa t t e rns  a r e  shown i n  Figs. 4.1 and 4.2. 

4.1 CAPACITY REQUIREMENTS 

The e lec t r i ca l -genera t ion  capacity needed by each of the  s i x  s t a t e s  

according t o  type of f u e l  ( coa l ,  nuclear ,  o i l ,  o ther)  a r e  given i n  Sec. 3. 

Generation from coal is f u r t h e r  c l a s s i f i e d  by type  of coal  (produced i n  . 

s t a t e ,  imported low-sulfur, imported high-sulfur) . Although t h e  impacts on 

h e a l t h  and environment of power generat ion of f u e l s  o t h e r  than coal  were n o t  

considered, a l l  major f a c i l i t i e s  f o r  all f u e l  types had t o  be s i t e d  t o  o b t a i n  

a cons i s t en t  pa t t e rn  t h a t  takes i n t o  account competition f o r  water ,  land,  and 

o t h e r  resources by f a c i l i t i e s  using f u e l s  o t h e r  than coal.  

Because of t h e  long l ead  times necessary t o  put baseload power p l a n t s  

i n  operat ion,  t h e  s i t e s  of most p l a n t s  t h a t  w i l l  b e  in operat ion ( o r ,  decomis- 

sioned) by 1985 a r e  already planned; t h i s  information can be  obtained from 

t h e  Federal  Power Commission. ' Locations of t h e  e x i s t i n g  o r  planned f a c i l i t i e s  

i n  the  s ix - s ta te  a r e a  a r e  shown i n  Appendix B.  



Fig. 4 .1  Energy Faci l i ty  Siting for Baseline Scenario ,(2020) 
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Although most e x i s t i n g  power p l a n t s  w i l l  no t  be i n  opera t ion  i n  2020, 1 
it was assumed t h a t  a l l  p l a n t s  e x i s t i n g  i n  1985 w i l l  e x i s t  i n  2000 and 2020. 

This assumption is no t  unreasonable, because the  u t i l i t y  probably would b u i l d  

a s i m i l a r  ( o r  l a r g e r )  p lan t  on the  same s i t e  a f t e r  ret i rement of t h e  p resen t  

p l a n t .  The only exceptions t o  t h i s  assumption were p l a n t s  f o r  which capaci ty  

w i l l  be l e s s  than 200 MW i n  2000 and those wi th  c a p a c i t i e s  less than 500 MW i n  

2020. They were excepted because they would be  e i t h e r  r e t i r e d  o r  converted 

t o  peaking p l a n t s  and thus no t  included i n  t h i s  s tudy.  The p l a n t s  t h a t  con- 

t i n u e  i n  ex i s t ence  would maintain t h e i r  present  f u e l .  However, t h e  source of 

coa l  f o r  the  coa l  p l a n t s  was not restrir. tp.d t o  t h a t  now uocd. Each p l a n t  was 

assigned one source of coa l  a f t ~ r  c ~ n s i d a r a t 6 0 n  of a i r  q u a l i t y ,  pruxlulLy of 

coa l  r e se rves ,  and assumed coal  mix f o r  each s t a t e .  

I n  add i t ion  t o  e l ec t r i ca l -genera t ion  f a c i l i t i e s ,  t he  coal -gas i f ica t ion  

p l a n t s  described i n  Sec. 2 f o r  t h e  energy-development scenar ios  f o r  I l l i n o i s  

and Indiana w e r e  s i t e d  by s i m i l a r  procedures. The s i t i n g  p ro jec t ion  f o r  

t h e s e  f a c i l i t i e s  was i d e n t i c a l  f o r  both I l l i n o i s  scenar ios .  

Projec ted  new f a c i l i t i e s  were assumed t o  have uniform t o t a l  s i t e  capa- 

c i t i e s  of 3000 MW f o r  e l e c t r i c a l  generat ion and 250 x l o 6  scf lday f o r  g a s i f i -  

c a t i o n  t o  produce high-Btu gas. The 3000-MW capar.i.ty for e l e c t r i a a l  gcncra- 

t i o n  is cons i s t en t  wi th  cu r ren t  t rends  i n  projec ted  add i t ions  to baseload 

capaci ty .  These u t i l i t y  p ro jec t ions  inc lude  many s i t e s  t h a t  each conta in  

m u l t i p l e  500 t o  1000 MW u n i t s .  The l a r g e s t  is the  coal - f i red  Sherburne f a c i l i t y  

i n  Minnesota, which is projec ted  t o  have two 680-MW and two 800-MW u n i t s  when 

completed i n  1984, o r  a t o t a l  of 2960 MW. Const ra in ts  on s i te  a v a i l a b i l i t y  may 

reve r se  t h i s  t r end  toward l a r g e  f a c i l i t i e s ;  however, the  uniform assumption of 

1,arge p lan t s  emphasizes the  importance of those c o n s t r a i a t s .  The assumed s i z e s  

f o r  t h e  g a s i f i c a t i o n  f a c i l i t i e s  a r e  c o n s i s t e n t  wi th  most s t u d i e s  on engineering 

design and environmental impacts f o r  cna3. g a s i f i c a t i o n .  A. f 11rt.bcr advauf age of 

these  u n i t  s i z e s  is t h a t  3000 MW is nea r ly  equivalent  t o  250 x l o 6  sc f lday  a t  

1000 Btu l sc f ,  thus f a c i l i t a t i n g  comparison of g a s i f i c a t i o n  and e l e c t r i c a l  

generat ion.  

An a l t e r n a t i v e  t o  d ispers ing  coal - f i red  e lec t r i ca l -genera t ion  f a c i l i t i e s  

throughout t h e  region is t o  c l u s t e r  them i n  a reas  with l a r g e  water  and coa l  

resources and thus t ake  advantage of poss ib le  geographical and technologica l  ' 



economies of  l a rge - sca l e  cons t ruc t ion .  * To e v a l u a t e  t h e  r e l a t i v e  environmental 

impact of c l u s t e r i n g ,  two p o t e n t i a l  s i t e s  f o r  c l u s t e r s  of e l e c t r i c a l  gene ra t ion  

f a c i l i t i e s 3  a r e  i nd ica t ed  i n  Fig. 4.2. 

4 .2  SITING CRITERIA 

The o b j e c t i v e  of t h e  s i t i n g  procedure w a s  t o  p l a c e  t h e  p l a n t s  c l o s e  t o  

t h e  load '  c e n t e r ,  s u b j e c t  t o  t h e  fo l lowing  c r i t e r i a :  

Water 

1. To ta l  water  consumption f o r  energy- product ion from r i v e r s  
i n  t h e  Upper Mis s i s s ipp i  and Ohio River Basins  must be l e s s  
than  2% of t h e  annual  runoff i n  t h e s e  bas ins .  

2. I f  a l l  new power p l a n t s  upstream from any po in t  on a r i v e r  
o b t a i n  t h e i r  water  d i r e c t l y  from t h e  r i v e r  ( i . e . ,  do no t  
have r e s e r v o i r s  o r  cool ing  ponds),  t h e  t o t a l  water  con- 
sumption r a t e  by t h e s e  p l a n t s  cannot exceed 20% of  t h e  
7-day/lO-year low flow a t  t h a t  p o i n t .  

3.  I f  a l l  new power p l a n t s  upstream from any po in t  on a r i v e r  
u s e  r e s e r v o i r s  o r  c losed  coo l ing  l a k e s ,  t h e  t o t a l  water  
consumption r a t e  by t h e s e  p l a n t s  can be a s  high a s  40% 
of t h e  7-day/lO-year low flow, because t h e s e  l a k e s  o r  
r e s e r v o i r s  a r e  l e s s  a f f e c t e d  by s h o r t  pe r iods  of low flow. 
For I l l i n o i s ,  a more d e t a i l e d  eva lua t ion  of p o t e n t i a l  
r e s e r v o i r s  was made p o s s i b l e  by us ing  t h e  r e s u l t s  of an  
a n a l y s i s  conducted by t h e  I l l i n o i s  Water This  
i n£  ormat i o n  g ives  t h e  y i e l d  of p o t e n t i a l  r e s e r v o i r s  through- 
out  t h e  s t a t e  def ined  a s  one-half t h e  r e s e r v o i r  capac i ty  
dur ing  a drought t h a t  r e c u r s  once each 40 years .  

A more d e t a i l e d  d i scuss ion  of c o n s t r a i n t s  of water  a v a i l a b i l i t y  and low- 

flow is presented i n  Sec. 6.  

A i r  - 

1. New coa l  p l a n t s  cannot b e  s i t e d  i n  A i r  Q u a l i t y  Maintenance 
Areas (AQMAS j . 

2. Ex i s t i ng  c o a l  p l a n t s  i n  AQMAs burn low-sulfur c o a l ,  which, i n  
combination wi th  a removal technology such a s  f lue-gas desul -  
f u r i z a t i o n ,  r e p r e s e n t s  b e s t  a v a i l a b l e  c o n t r o l  technology. 

3 .  When p o s s i b l e ,  s i t i n g  coa l  p l a n t s  i n  coun t i e s  t h a t  have a 
monitored v i o l a t i o n  of Nat iona l  Ambient Air Qua l i t y  S tandards  
must be avoided. 

4. There must be a minimum of t e n  mi les  between t h e  3000-MU p l a n t s .  



The r e l a t i o n s h i p  of  s i t i n g  and a i r  q u a l i t y  i s  d iscussed  i n  more d e t a i l  

in Sec. 7. 

Popula t ion  

1. 3000-MN p l a n t s  cannot be  s i t e d  wi th in  t en  m i l e s  of c i t i e s  
w i th  popu la t ions  g r e a t e r  t han  25,000. 

. . 
Transpor t a t ion  

1. New p l a n t s  burning i n s t a t e  c o a l  must be near  a n  adequate  
c o a l  r e sou rce  ( coa l  r e sou rces  a r e  d iscussed  i n  Sec. 5) .  

2. A l l  p l a n t s  u s ing  imported f u e l s  must be  n e a r  .navigable  
waterways o r  adequate  rai l  networks. 

P u b l i c  Lands 

1. Conversion f a c i l i t i e s  cannot be  on p u b l i c l y  owned l ands .  

4 . 3  SITING PROCEDURES 

For t h e  3000-MW p l a n t s ,  t h e  f i r s t  s t e p . w a s  s i t i n g  t h e  p l a n t s  burning 

i n - s t a t e  coa l  as c l o s e  t o  t h e  mines a s  p o s s i b l e .  For t h e  b a s e l i n e  scenar io ,  

a l l  new mine openings i n  I l l i n o i s  between 1985 and 2000 were p r o j e c t e d  t o  be  

67% deep mines and 33% s u r f a c e  mines, w i th  a l l  mines a f t e r  2000 be ing  deep 

m i n e s .  In  Indiana  and Ohio, a l l  mines opened a f t e r  1985 a r e  expected t o  be 

deep mines. A l t e r n a t i v e l y ,  f o r  t h e  I l l i n o i s  ~ i g h  Coa l  Use Scenar io ,  i t  was 

assumed t h a t  s t r i p  mines would compose 50% of a l l  new mine openings between 

1985 and 2000, and 43% of new openings between 2000 and 2020. These per- 

cen tages  a r e  based on t h e  b e l i e f  t h a t  t h e  r a t i o  of s t r i p  mines t o  deep 'mines 

w i l l  b e  h igher  than  t h a t  assumed i n  t h e  nominal case ,  because p rev ious ly  

margina l  s t r i p  mines become p r o f i t a b l e  a s  c o a l  p r i c e s  i n c r e a s e  i n  response 

t o  h ighe r  demand. A l l  t h e  c o u n t i e s  w i t h i n  t h e s e  s t a t e s  were then  ranked i n  

terms of  deep and s u r f a c e  r e se rves .  Proceeding through t h e  rankings ,  s i t e s  

were s e l e c t e d  i f  adequate  water  w a s  a v a i l a b l e  and i f  t h e r e  was no e x i s t i n g  

exc lus iona ry  c o n s t r a i n t  (Air Qua l i t y  Maintenance Area, h igh  popu la t ion  den- 

s i t y ,  l a c k  of t r a n s p o r t a t i o n ,  pub l i c  l a n d ) .  The p l a n t s  burning i n - s t a t e  c o a l  

a r e  expected t o  s e r v e  t h e  n e a r e s t  load c e n t e r s .  

By us ing  t h e  c r i t e r i o n  of water  a v a i l a b i l i t y ,  t h e  remaining p l a n t s  

( t hose  us ing  ou t -o f - s t a t e  c o a l ,  nuc l ea r  power, o r  o t h e r  sources)  a r e  l oca t ed  

as c l o s e  t o  t h e  load  c e n t e r s  a s  poss ib l e .  These p o t e n t i a l  sites a r e ,  however, 



f i r s t  screened f o r  exclusionary areas ,  a s  above. F i n a l  s e l e c t i o n  of t h e  s i tes  

and p l a n t  f u e l s  was based on a i r  q u a l i t y  and t r anspor ta t ion  f a c i l i t i e s .  The 

reso lu t ion  f o r  s i t e  s e l e c t  ion  was a t  t h e  county l e v e l .  

The c o a s t a l  zones of t h e  Great Lakes w e r e  pro jec ted  a s  sites f o r  p l a n t s  

using imported coal  ( the re  a r e  no coal resources in t h e  c o a s t a l  zone) i f  t h e  

following condi t ions  were met: 

1. The s i t e  was n e a r e s t  t h e  load cen te r  and d i d  not  v i o l a t e  t h e  
c o n s t r a i n t s  considered ; o r  

2 .  There were no remaining unconstrained s i t e s  on in land water- 
ways wi th in  t h e  s t a t e .  

Applying t h e  s i t i n g  c r i t e r i a  and procedures t o  o b t a i n  t h e  s i t i n g  p a t t e r n s  

i n  Figs.  4 . 1  and 4.2 i d e n t i f i e s  f a c t o r s  t h a t  a r e  expected t o  cons t r a i n  f u t u r e  

s i t i n g  opt ions .  The p r i n c i p a l  . c o n s t r a i n t s  can b e  summarized a s  follows: 

1. Choice s i t e s  f o r  l a r g e  energy f a c i l i t i e s  t h a t  a r e  nea r  load 
cen te r s ,  coal  resources,  and water  resources a r e  nea r ly  ex- 
hausted;  and f u t u r e  s i t i n g  w i l l  r equ i re  a trade-off between 
these  f a c t o r s .  

2. The aggregate water  supp l i e s  of t h e  'Miss iss ippi  and Ohio 
Rivers and the  Great Lakes a r e  s u f f i c i e n t  t o  supply energy 
needs. However, use of t h e s e  water  resources is l imi ted  by 
heavy competition f o r  shore l ine  s i t e s  and by t h e  d i s t ance  
of  t h e  major r i v e r s  from many ' o f  t h e  l a r g e  load centers .  

3 .  Separat ion of t h e  a v a i l a b l e  coal  and water  resources from 
t h e  load cen te r s  w i l l  increase  transmission requirements. 

4. Limits on use of t h e  water  resources i n  t h e  major r i v e r s  and 
Great Lakes w i l l  make t h e  cons t ruct ion  of  r e se rvo i r s  on 
smaller streams more a t t r a c t i v e .  The advantages of energy 
f a c i l i t i e s  near  coal  deposi t s ,  many of which a r e  f a r  from 
water  supp l i e s ,  a l s o  encourage development of r e se rvo i r s .  
Much of t h e  s i x - s t a t e  a r e a  i s  prime a g r i c u l t u r a l  land, which 
emphasizes land-use i s sues  r e l a t e d  t o  cons t ruct ion  of t h e  
l a r g e  re se rvo i r s  required.  

5. The coal  resources i n  t h e  study region a r e  in genera l  loca ted  
' i n  a reas  of  good a i r  qua l i ty  (see Sec. 7.1) and thus p o l l u t a n t  

concentrat ion can b e  increased without v i o l a t i n g  s tandards .  
Exceptions a r e  p a r t s  of e a s t e r n  Ohio and t h e  Spr ingf ie ld ,  Peor ia ,  
and Eas t  S t .  Louis areas  i n  c e n t r a l  I l l i n o i s ,  in which more a c t i v e  
management of a i r  q u a l i t y  is requi red .  



6 .  Comparison of t h e  1985 u t i l i t y  p r o j e c t i o n s  and t h e  2020 s i t i n g  
p a t t e r n s  i n d i c a t e s  t h a t  t h e  t r ends  i n  s i t i n g  implied by t h e  
above i s s u e s  and c o n s t r a i n t s  a r e  t o  some e x t e n t  a l r e a d y  
occurr ing .  

It is  emphasized t h a t  t h e  r e s u l t s  of t h i s  s i t i n g  a n a l y s i s  p a r t l y  depend 

on t h e  c r i t e r i a  and procedures descr ibed  previous ly .  The 7-day/lO-year low- 

f low c o n s t r a i n t s  were t h e  most r e s t r i c t i v e  because of t h e  assumption t h a t  new 

p l a n t s  were 3000 MW and would p r i m a r i l y  u se  wet coo l ing  towers ,  which consume 

approximately 33 c f s  f o r  a  60% p l a n t  l oad  f a c t o r .  I f  t h e  power p l a n t  i s  b u i l t  

on a r e s e r v o i r  o r  l a k e ,  t h e  a d d i t i o n a l  evapora t ive  l o s s  from t h e  p l a n t  h e a t  

a d d i t i o n  is only  20 c f s  when t h e  l a k e  is used f o r  a l l  coo l ing  . . requirements .  

However, t h e  t o t a l ' e v a p o r a t i v e  l o s s e s ,  i nc lud ing  normal l a k e  evapora t ion ,  

approaches 35 c f s  o r  more, depending on t h e  water  s u r f a c e  a r e a  and t h e  c l ima te .  

The a n a l y s i s  d id  n o t  d e a l  wi th  s i t e - s p e c i f i c  i s s u e s  important  a t  t h e  

subcounty l e v e l  of a n a l y s i s  -- e.g. ,  occur rence  of s e n s i t i v e  ecosys t ems~such  

a s  a q u a t i c  spawning grounds. Others  a r e  t h e  amenabi l i ty  of t h e  subsu r face  

s o i l  cond i t i ons  t o  f a c i l i t y  c o n s t r u c t i o n  o r  e x i s t e n c e  of f l ood  p l a i n s  along 

r i v e r  s h o r e l i n e s .  Nor were t h e  socioeconomic impacts of f a c i l i t i e s  considered.  

S t a t e - t o - s t a t e  energy t r a n s f e r s  may a l s o  be important  i n  determining s i t i n g  

p a t  t e r n s .  

The fo l lowing  is  a  d i scuss ion  of t h e  above i s s u e s  and c o n s t r a i n t s  a s  

they  r e l a t e  more s p e c i f i c a l l y  t o  each s t a t e .  

I l l i n o i s .  The demand f o r  energy is dominated by t h e  n o r t h e a s t e r n  me t ropo l i t an  

Chicago a r e a ,  whereas t h e  major c o a l  resources  a r e  i n  t h e  c e n t r a l  and southern  

a r e a s .  The c r i t e r i a  f o r  s i t i n g  f a c i l i t i e s  u s ing  i n - s t a t e  c o a l  n e a r  t h e  

supply ing  mine p l aces  a  heavy demand on t h e  water  s u p p l i e s  of c e n t r a l  and 

sou the rn  I l l i n o i s ,  where t h e  on ly  major r i v e r  is t h e  I l l i n o i s .  These water  

c o n s t r a i n t s  were a l l e v i a t e d  by assuming r e l i a n c e  on c o n s t r u c t i o n  of p o t e n t i a l  
'I r e s e r v o i r s  t h a t  were i d e n t i f i e d  by an I l l i n o i s  Water Survey Study. C o n f l i c t s  

i n  l and  use  can be expected t o  occur  from development of energy f a c i l i t i e s  i n  

t h e  c e n t r a l  I l l i n o i s  c o a l  f i e l d s  because of t h e  high q u a l i t y  of t h e  l and  f o r  

a g r i c u l t u r a l  uses .  Except f o r  t h e  southern  reach ,  t h e  M i s s i s s i p p i  River is  

n o t  nea r  e i t h e r  I l l i n o i s  c o a l  o r  t h e  Chicago load  c e n t e r .  A s h i f t  from 

n u c l e a r  power t o  u se  i n - s t a t e  c o a l ,  a s  i nd ica t ed  i n  Fig.  4.2, a c c e l e r a t e s  t h e  

t r e n d  toward t h e  development o f  energy f a c i l i t i e s  i n  t h e  southern  and c e n t r a l  

a r e a s .  



Indiana. Although the  l a r g e s t  load cen te r  i n  Indiana is i n  the  northwest,  

the  Ohio River on the  southern border is t h e  major water resource f o r  energy 

development. More than a t h i r d  of t h e  3000-MW plan t s  had t o  be s i t e d  on t h e  

Ohio River. U s e  of t h e  l imi ted  Lake Michigan shore l ine  i n  Indiana is con- 

s t r a i n e d  by competition from urban, i n d u s t r i a l ,  and r e c r e a t i o n a l  uses.  The 

Wabash River and i ts  t r i b u t a r i e s  flow through t h e  coal  resource region of 

Indiana and can be expected t o  be used f o r  development of those  resources,  

but  a v a i l a b l e  flows a r e  much below those of t h e  Ohio River. Nearly a l l  

s i t e d  new p l a n t s  t h a t  a r e  not  on the  Ohio River o r  t h e  lowest reach of  t h e  

Wabash River w i l l  r equ i re  r e se rvo i r s .  

Michigan. Because of t h e  l ack  of major in land r i v e r s ,  nea r ly  a l l  new energy 

f a c i l i t i e s  i n  Michigan w e r e  s i t e d  along t h e  extens ive  Great Lakes shore l ines .  

Since Michigan has v i r t u a l l y  no c o a l ,  t h i s  c o a s t a l  s i t i n g  a l s o  has t h e  po- 

t e n t i a l  advantage of permi t t ing  coal  t r anspor ta t ion  by Great Lakes barges.  

Coastal-zone management would become important under t h i s  s i t i n g  scenar io ,  

e spec ia l ly  i n  view of t h e  emphasis placed on conservation and wilderness 

preservat ion  i n  Michigan. 

Minnesota. The Miss iss ippi  and S t .  Croix Rivers nea r  t h e  major Minneapolis- 

S t .  Paul load c e n t e r  i n  Minnesota allow s i t i n g  of energy f a c i l i t i e s  t o  supply 

needs of t h a t  s t a t e  without se r ious  c o n s t r a i n t s .  Poss ib le  coal - re la ted  

s i t i n g  i s sues  i n  t h i s  s t a t e  requi r ing  evaluat ion  a r e  use of Lake Superior  

shore l ine  s i t e s  f o r :  (1) a deep harbor i n  a t r a n s p o r t a t i o n  l i n k  f o r  eastward 

shipment of coa l  from the  Great P l a i n s ;  o r  (2) cons t ruct ion  of energy f a c i l i t i e s  

burning Great P l a i n s  coal  t o  produce e l e c t r i c i t y  f o r  transmission t o  Midwestern 

markets. 

Ohio. The g r e a t e s t  discrepancy between required and p o t e n t i a l  s i t e s  a r e  i n  

Ohio. These d i f f i c u l t i e s  r e su l t ed  from a combination of (1) a high p ro jec ted  

demand; (2) e x i s t i n g  heavy development along the  Ohio River and Lake E r i e  

shores;  (3) an absence of l a r g e  r i v e r s  i n  the  s t a t e  i n t e r i o r ;  and (4)  A i r  

Q u a l i t y  Maintenance Areas i n  the  e a s t e r n  por t ion  and nea r  t h e  coal  f i e l d s  i n  

the  southeas t .  To circumvent these  s i t i n g  problems, f a c i l i t i e s  were s i t e d  

on the  Maumee, Miami, Scio to ,  and Muskingum Rivers beyond the  capaci ty  

al lowable with t h e  low-flow cons t ra in t  i f  w e t  cooling towers a r e  used; t h a t  

is ,  r e s e r v o i r s  t o  enhance water supp l i e s ,  o r  a l t e r n a t i v e  cooling methods t h a t  



consume less water ,  would b e  required. ,  Construction of l a r g e  cooling ponds 

o r  r e s e r v o i r s  would result in c o n f l i c t s  in use of prime a g r i c u l t u r a l  land a s  

in I l l i n o i s  and Indiana. 

Wisconsin. The c o n s t r a i n t s  on power-plant s i t i n g  in  Wisconsin are n o t  a s  

seve re  a s  in I l l i n o i s ,  Indiana,  and Ohio. Adequate water  supp l i e s  a r e  ' 

a v a i l a b l e  in t h i s  s t a t e  from major r i v e r s  and the  Great Lakes; al though,  a s  

i n  Michigan and Minnesota, sound coastal-zone management in c u r r e n t l y  un- 

developed a reas  is a primary concern. Because of the  adequate water  re- 

sources ,  generat ion and expor t  of  e l e c t r i c a l  energy may become an i s sue .  
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5 REGIONAL COAL RESER BASE AND EXTR4CTION REQUIREIGNTS 

5.1 COAL RESERVE BASE 

The major coal  resources wi th in  the  s i x - s t a t e  s tudy a rea ,  a s  shown i n  

Fig. 5.1, a r e  i n  the  I n t e r i o r  Coal Province, which includes t h e  I l l i n o i s  and 

Indiana coa l  f i e l d s ,  and t h e  Appalachian Coal Region i n  the  Eas tern  Province, 

which includes the  coa l  f i e l d s  i n  southeas tern  Ohio. I n  add i t ion ,  t h e r e  a r e  

I n t e r i o r  Province f i e l d s  ,wi th  s i g n i f i c a n t l y  smal ler  resources i n  lower Michigan. 

The s t a t e  t o t a l  reserve  base ,  1974 production, and 1975-1985 planned capaci ty  

add i t ions  c l a s s i f i e d  by deep vs s t r i p  mining a r e  shown i n  Table 5.1. The 

reserve  base f o r  I l l i n o i s ,  Indiana,  Michigan, and Ohio a r e  15 ,  2 ,  0.03, and 5%, 

r e spec t ive ly ,  of the  U.S. t o t a l  of 437 b i l l i o n  tons .  '* The reserves  i n  these  

s t a t e s  a r e  pr imar i ly  bituminous coal .  

Of the  s t a t e s  considered, I l l i n o i s  has t h e  l a r g e s t  r e se rve  base and 

a l s o  the  l a r g e s t  1974 production of c o a l ,  f o r  which t h e r e  was a r a t h e r  even 

balance between s t r i p -  and deep-mine production. However, t h e  planned 

add i t ions  through 1985 i n d i c a t e  a t rend toward e x t r a c t i o n  of deep reserves  

by a two-to-one r a t i o .  

The minor coa l  reserves  i n  Michigan a r e  no t  now being exp lo i t ed  and 

t h e r e  a r e  no announced in ten t ions  t o  do so  soon. 

Current production of Ohio coal  from s t r i p  mines is over twice t h a t  

from deep mines. However, the  planned add i t ions  of new mining capacity a r e  

almost t o t a l l y  from deep mines, ind ica t ing  a poss ib le  dep le t ion  i n  economi- 

c a l l y  a t t r a c t i v e  s t r i p p a b l e  reserves .  The planned add i t ions  i n  t o t a l  capac i ty ,  

r e l a t i v e  t o  cu r ren t  production, a r e  a l s o  smal ler  f o r  Ohio than f o r  I l l i n o i s  

and Indiana.  

*Coal resources i n  t h i s  s e c t i o n  r e f e r  t o  the  "reserve base" category. A s  
defined by U.S. Bureau of Mines, the  r e se rve  base includes:  beds of  
bi tumino~ls coal and a n t h r a c i t y  28 i n .  o r  more in th ickness  and beds of sub- 
bituminous coa l  60 in.. o r  more i n  thickness t h a t  occur a t  depths t o  1000 
f t ;  th inner  o r  deeper beds now being mined o r  f o r  which t h e r e  is  evidence 
t h a t  they could be mined commercially now; and beds of l i g n i t e  60 in. o r  
more t h i c k  t h a t  can be su r face  mined -- genera l ly  those  no deeper than 120 
f t .  It includes only coa l  from measured and ind ica ted  ca tegor ies  of re- 
l i a b i l i t y .  For comparison, t h e  t o t a l  quan t i ty  of coa l  est imated t o  e x i s t  
i n  the  U.S. including both i d e n t i f i e d  and hypo the t i ca l  depos i t s ,  is  4 
t r i l l i o n  tons.  1 



Table  5 .l. Reserve Base, ,1974 Product ion ,  and 1975-1985 
Planned Addi t ions  by Mining Method (106tons)  

1975-1985 
Mining Reserve a 1974 Planned 

S t a t e  Method Base Product  i o n  Addi t ions  

I l l i n o i s  Deep 
S t r i p  
T o t a l  

~ n d i a n a  Deep 
S t r i p  
T o t a l  

Michigan D e e p  
S t r i p  
T o t a l  

Ohio Deep 
S t r i p  
T o t a l  

a 
Ref. 2 .  

b ~ e f .  3 .  
C Annual c a p a c i t y ,  Ref. 3 .  

The county-by-county d i s t r i b u t i o n  of  t h e ' c o a l  r e s e r v e  base  is  shown in 

F i g .  5 .2 ,  and in Appendix C a long  w i t h  1974 county . produc t ion  - l e v e l s .  

The f r a c t i o n  o f  t h e  r e s e r v e  b a s e  t h a t  can be  recovered  depends on whether  

t h e  c o a l  bed is  s u i t e d  f o r  underground o r  s u r f a c e  mining. Average recovery by 

underground mining would b e  about  50%, owing p r i m a r i l y  t o  c o a l  l e f t  unmined t o  

s u p p o r t  t h e  s u r f  ace .  Extraneous c i rcumstances  t h a t  may i n c r e a s e  t h e  p o r t i o n  o f  

t h e  r e s e r v e  base  t h a t  may b e  l o s t  t o  any mining a r e :  c o a l  under urban a r e a s ;  

deep-minable c o a l  r e s e r v e s  benea th  a i r p o r t s ,  parks ,  r e c r e a t i o n  a r e a s ,  p u b l i c  

i n s t i t u t i o n s ,  o r  major waterways; and c o a l  i n  a r e a s  o f  a c t i v e  mining where t h e r e  

are m u l t i p l e  c o a l  beds ,  and beds ove r ly ing  o r  under ly ing  worked-out beds t h a t  are 

hazardous and expens ive  t o  mine. 

Recovery of c o a l  by s t r i p  mining depends p r i m a r i l y  .on t h e  r a t i o  of  t h e  

t h i c k n e s s  of t h e  overburden t o  t h a t  of t h e  c o a l  bed. B a s i c a l l y ,  a r a t i o  of 

1 5  . f t  o f  overburden p e r  f o o t  of c o a l  t h i c k n e s s  was used i n  c a l c u l a t i n g  t h e  

s t r i p p a b l e  r e s e r v e  base ,  b u t  t h e r e  a r e  excep t ions ,  a s  no t ed  i n . T a b l e  5.2. 



Fig. 5 .1  Bituminous and Subbituminous C o a l  and Lignite 
Fields of the United States 
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Fig. 5.2 County Coal k s e r - ~ e  Baae Recoverable by Deep and Strip Mining 



Table 5.2.. C r i t e r i a  Used i n  Est imating s t r i p p a b l e  Reserve 
Base of Bituminous Coal a i d  ~ i ~ n i t e ~  

Maximum Overburden 
Minimum Coal-bed Thickness f o r .  S t r i p p i n g  

Thickness, Computing Reserves,  at io?  
S t a t e  i n .  f t  f t  

I l l i n o i s  1 8  150 1 8 : l  
Indiana  14 90 2 0 : l  
Michigan 2 8 100 20 : 1 
Ohio 2 8 120 1 5 : l  

a  Based on maximum f e e t  of  overburden th i ckness  a t  t h e  h igh  w a l l  . . 
p e r  f o o t  of  coal-bed th ickness .  

Another f a c t o r  a f f e c t i n g  t h e  r e c o v e r a b i l i t y  of c o a l  is  topography. Recovery 

w i l l  vary depending on t h e  type of  mining (contour  s t r i p p i n g  o r  a r e a  s t r i p p i n g ) ,  

ranging from about 80% t o  over  90%. 

Standards f o r  a i r  q u a l i t y  and emissions from p l a n t s  have r e s u l t e d  i n  in- 

c reased  a t t e n t i o n  t o  s u l f u r  content  of  coa l .  New Source Performance Standards 

(NSPS) f o r  SO2 are given i n  terms of  a l lowable  emissions p e r  u n i t  h e a t  i npu t  

(1.2 l b s  s02/106 Btu) and thus  t h e  r a t i o  of  s u l f u r  content  and hea t ing  va lue  

becomes important  i n  cons ider ing  s u i t a b i l i t y  of  c o a l  on t h e  b a s i s  of  t h e s e  

s tandards .  Table 5.3 l ists  t h e  average hea t ing  va lue  of c o a l  resources  i n  

t h e  U.S. and t h e  f r a c t i o n  of t hese  resources  i n  given c a t e g o r i e s  of  t h e  s u l f u r  

con ten t lhea t ing  va lue  r a t i o s .  A s  shown i n    able 5.3,  only a  very small f r ac -  

t i o n  of t h e  coa l  from t h e  Midwestern states considered i n  t h i s  s tudy can be  

used without  s u l f u r  removal in t h e  f l u e  gas o r  by preprocess ing  o f  c o a l s ,  

whereas much of  t h e  Western coa l  w i l l  meet t h e  NSPS without  s u l f u r  c o n t r o l .  

5 .2 EXTRACTION REQUIREI@NTS FOR ELECTRICU GENEWION AUD GASIFICATION 

The annual coa l  consumption f o r  t h e  e l e c t r i c a l  genera t ion  and c o a l  gas i -  

f i c a t i o n  p ro jec t ed  by t h e  scena r ios  a r e  i n  Tables 3.11 and'3.12 f o r  1985, 

2000, and 2020. By assuming a l i n e a r  rate of  growth i n  consumption f o r  t h e  

per iods  between these  yea r s ,  a rough e s t ima te  of t h e  t o t a l  c o a l  demand by t h e s e  

f a c i l i t i e s  i n  t h e  1985-2020 per iod  can be obta ined ,  a s  shown i n  Table 5.4. 

Comparing Tables 5 .1  and 5.4 shows t h a t  t h e  combined c o a l  consumption 

f o r  energy genera t ion  i n  I l l i n o i s '  is 6% of t h e  r e se rve  base  f o r  t h e  Base l ine  



Table 5.3. Coal Reserves Averaged by s t a t e 4  

a Average F rac t ion  of S t a t e  Reserves 
Heating 
Value, S u l f u r  ~ o n t e n t l ~ e a f  i ng  'Value (%s/103 ~ t u / l b )  

S t a t e  
b l o 3  ~ t u / l b  0.021 0.042 0.050 0 . 0 6 3 ~ '  0.100 0.210 0.246 0.316 

Alabama 
Arizona . 
Arkansas 
Colorado 
I l l i n o i s  

Indiana  
Iowa 
Kansas 
Kentucky 
Maryland 

Michigan 
Missour i  
Montana 
New Mexico 
North Dakota 

Ohio 
Oklahoma 
Y ennsylvania  
South Dakota 
Tenness ee 

Texas 
Utah 
V i r g i n i a  
Washington 
West Vi rg in i a  
Wyoming 

a 
E n t r i e s  g ive  f r a c t i o n  of r e se rves  wi th  r a t i o  l e s s  t han  o r  equal  t o  t h e  in-  
d i c a t e d  va lues  and hence a r e  cumulative i n  any row. 

b 
Only those s t a t e s  having coa l  r e se rves  a r e  l i s c e d .  

C Meets f e d e r a l  New Source Performance Standards (NSPS) wfrhout cual pre- 
process ing  o r  f lue-gas d e s u l f u r i z a t i o n .  



Table 5.4. T o t a l  Coal konsumption f o r  ~ n e r ~ ~  Scenar ios  
in t h e  Midwest, 1985-2020a ( l o 6  tons)  

Coal S o ~ i r c e  
E l e c t r i c a l  Generat iop 
Base l ine  . ~ i g h  . coal" . . G a s i f i c a t i o n  

I n t e r i o r  

I l l i n o i s  
Indiana  
W. Kentucky 

Eas te rn  

Ohio 1614 - 
Other ,  High Su l fu r  2 704 - 
Other,  Low Su l fu r  404 - 

Western 5576 5171 - 
a 
Based on l i n e a r  i n t e r p o l a t i o n  of annual  c o a l  consumption i n  
Tables  3.11 and 3.12. 

b ~ n d i c a t e s  v a r i a t i o n  r e s u l t i n g  from high  r a t e  of use  of  I l l i n o i s  
c o a l  f o r  e l e c t r i c a l  genera t ion  i n  t h a t , s t a t e .  

s c e n a r i o ,  and 9% f o r  t h e  High-Coal E l e c t r i c  Scenar io .  For Ind iana ,  t h e  

s cena r io  r e q u i r e s  11% of t h e  r e se rve  base and f o r  Ohio, 8%. Thus, t hese  

h igh  l e v e l s  of c o a l  product ion do n o t  s i g n i f i c a n t l y  d e p l e t e  t h e  t o t a l  r e s e r v e  

base.  Yet t h e  c o a l  e x t r a c t e d  probably w i l l  b e  s i g n i f i c a n t l y  less a t t r a c t i v e  

economically than t h a t  now being mined. Also, t h e s e  e x t r a c t i o n  levels could 

cause s i g n i f i c a n t  l o c a l  environmental  and socioeconomic impacts i n  a r e a s  w i th  

i n t e n s e  mining a c t i v i t i e s .  
. . 

Figure 5.3 p r e s e n t s  t h e  s i t i n g  p a t t e r n  f o r  t h e  I l l i n o i s  High-Coal Use 

Scenario. ,  wi th  t h e  a d d i t i o n a l  p r o j e c t i o n  of which f a c i l i t i e s  u s e  strip-mined 

c o a l  and t h e  gene ra l  a r e a  i n  which the  supplying s t r i p  mine i s  l o c a t e d .  County 

l o c a t i o n  o f  s t r i p  m h e s  was based on a ranking of  t h e  s t r i p p a b l e  r e s e r v e s  a s  

given i n  Appendix C ,  p l u s  a d d i t i o n a l  s i t i n g  f a c t o r s  d i scussed  i n  Sec. 4. 

It was assulued in L l ~ i s  scena r io  t h a t  s t r i p  mines would comprise 50% of 

a l l  new mine openings between 1985 and 2000, and 43% of new openings between 

2000 and 2020. This assumption i s  based on t h e  b e l i e f  t h a t  t h e  r a t i o  of s t r i p  

t o  deep mining w i l l  be  h ighe r  than  t h a t  used in t h e  b a s e l i n e  case ,  because 

p rev ious ly  marginal  s t r i p  mines w i l l  become p r o f i t a b l e  a s  c o a l  p r i c e s  r i s e  w i t h  

h ighe r  demand. 
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Fig .  5.3 S t r i p p a b l e  Coal Reserves  i n  t h e  V i c i n i t y  of 
S i t e s  f o r  I l l i n o i s  High Coal U s e  Scenar io  



There are two important p o i n t s  f o r  t h e  s t a r t - u p  d a t e s  i n  Table 5.5. 

F i r s t ,  only e x i s t i n g  o r  planned p l a n t s  w i t h  power above 500 MW are included - '  

i n  t h i s  s tudy ,  and they a r e  assumed t o  last  u r i t i l  a f t e r  2020. Th i s  p r o j e c t i o n  

i s  based on t h e  f a c t  t h a t  p l a n t s  w i th  power above 500 MW are a l r e a d y  on "good" 

sites, as f a r  as t h e  u t i l i t i e s  are concerned and would, t h e r e f o r e ,  b e  good 

cand ida t e  s i t e s  f o r  new p l a n t s  of t h e  same s i z e  when t h e  e x i s t i n g  p l a n t s  s h u t  

down. The argument does n o t  apply t o  s m a l l e r  c o a l  p l a n t s ,  which are expected 

t o  dec rease  i n  numbers. Not cons ider ing  t h e  smaller p l a n t s  may cause  l and  . 

d i s tu rbance  in 1975-1985 t o  b e  underest imated.  

Table 5.5.  Cumulative E l e c t r i c a l  Generat i o n  (1975-2020) 
f o r  F a c i l i t i e s  Using Strip-Mined Coal i n  
I l l i n o i s  : High Coal U s e  Scenario 

. Generat ion,  l o 6  MW-hr 

S t a r t u p  Capaci ty,  
County Date MW 1975-1984 1985-1999 2000-2020 

P e o r i a  

Ful ton  

S t .  Clair 

Williamson 

Mad i son  

Bureau 

Knox 

Randolph 

Schuyler  

Jackson 

Morgan 

Gallat i n  

Green 

Pe r ry  



The second p o i n t  r e l a t e s  t o  t h e  assumptions o f  cons t an t  f u e l  mix and 

s t r i p / d e e p  r a t i o .  The proposed s t r i p  mines might open earlier than.shown h e r e ,  

due t o  t h e  "lower" c o s t s  of  s t r i p  mining. I f  they should do s o ,  t h e  t o t a l  l and  

d i s t u r b e d  by 2020 w i l l  be  g r e a t e r .  

The d i s t a n c e  t o  l o a d  c e n t e r s  w a s  t h e  only f a c t o r  considered i n  s e l e c t i n g  

which p l a n t  starts up i n  a given year .  It is  beyond t h e  scope of  t h i s  r e p o r t  

t o  a t tempt  t o  quan t i fy  t h e  many a d d i t i o n a l  f a c t o r s  t h a t  may a f f e c t  t h i s  de- 

c i s  i o n .  

The e l e c t r i c a l  gene ra t ion  from these  p l a n t s  w a s  c a l c u l a t e d  as l i s t e d  i n  

Table  5.5 and t h e  c o a l  consumptions necessary  t o  supply t h i s  gene ra t ion  a r e  

l i o e c d  i n  Tabla 5.6. 

5 . 3  IMPACTS ON LAND USE 

Al.though t h e  .more d e t a i l e d  eva lua t ion  r equ i r ed  t o  i d e n t i f y  t h e  magnitude 

and n a t u r e  of t h e  impacts a s s o c i a t e d  w i t h  this l e v e l  of e x t r a c t i o n  w a s  n o t  

conducted i n  t h i s  s tudy ,  an  a t tempt  w a s  made ' to  determine t h e  p o t e n t i a l  t o t a l  

area d i s t u r b e d  by s t r i p  mining, which is  of major conccm.  An upper limit f o r  

t h e  a r e a  d i s t u r b e d  i n  I l l i n o i s ,  given by t h e  High Coal Use Scenar io ,  w a s  used 

as t h e  b a s i s  f o r  e v a l u a t i o n .  

To o b t a i n  a va lue  f o r  t o t a l  acreage  d i s t u r b e d  t h e  e x t r a c t i o n  l e v e l  f o r  

a l l  yea r s  must be s p e c i f i e d ,  not  on ly  f o r  t a r g e t  yea r s  of  1475, 1985, 2000, 

and 2020. The cvarse p r o j e c t i o n s  as descr ibed  below a r e  n o t  expected t o  b e '  

a c c u r a t e  p r o j e c t i o n s  of  f u t u r e  cond i t i ons ;  neve r the l e s s ,  they do g ive  an 

upper limit f o r  eva lua t ion .  

To estimaCe the  land  d i s tu rbance ,  i n  each county,  a s s o c i a t e d  w i t h  t h e  

above product ion  f i g u r e s  , es t ima t ing  an average seam ~ h i c k ~ i e s s  IUL' cacli 

county was necessa ry .  A r ecen t  s tudy5  of  t h e  c o a l  and water  resources  of  

I l l i n o i s  inc luded  maps of  t h e  gene ra l i zed  th i cknesses  of  t h e  Nos. 5 and 6 c o a l  

seams, and t h e  d i s t a n c e  between t h e  seams. From t h e s e  maps,, an average seam 

th i ckness  f o r  each seam and county w a s  e s t ima ted .  I f  t h e  d i s t a n c e  between t h e  

seams w a s  g r e a t e r  than  30 f t ,  i t  was assumed t h a t  only t h e  No. 6 seam would be  

mined. I f  t h e  seams were l e s s  than  30 f t  a p a r t ,  it was expected t h a t  bo th  

seams would be  mined, and t h e  average th icknesses  were summed. The f i n a l  

average  seam th i ckness  f o r  each county is a l s o  l i s t e d  i n  Table  5.6. 



Table 5.6.  Cumulative. Coal Consumption (1975-2020) f o r  F a c i l i t i e s  
Using Strip-Mined Coal i n  I l l i n o i s :  High Coal Use 
Scenario 

Coal Consumption, l o 6  tons  S t r i p p a b l e  Average 
Reserve Base, Seam Depth, 

County 1975-1984 1985-1999 2000-2020. To ta l  l o 6  tons  f t 

Peor i a  

Ful t on 

S t .  C l a i r  

Williamson 

Madison 

Bureau 

Knox 

Randolph 29.4 
- 

Schuyler  . - 
Jacks on - 
Morgan 

Galla  t i n  - 
Green - 
Per ry  - 

113.1 



By us ing  t h e  f i g u r e s  f o r  c o a l  consumption and average seam t h i c k n e s s  

a long  w i t h  assumed. v a l u e s  f o r  c o a l ,  "densi tyt1 ( l b / f t 3 )  and c o a l  recovery f a c t o r ,  

a v a l u e  f o r  area of  d i s tu rbed  l and  was. der ived  f o r  each  county and pe r iod .  

These numbers and t h e i r  t o t a l s  are , l i s t e d  i n  Table 5.7.  The assumptions used 

i n  t h e  c a l c u l a t i o n s  a r e  summarized i n  Table  5.8.  

Table  5.7, Cumulative Land Disturbed (1975-202 0) from 
S t r i p  Mining of Coal f o r  E l e c t r i c a l  Genera- 
t i o n  f o r  I l l i n o i s . :  High Coal U s e  Scenar io  

Disturbed Land, m i l e '  
T o t a l  A r e a  i n  

County 1975-1984 1985-1999 2000-2020 T o t a l  Cotm t y  , m i l e 2  

P e o r i a  

F u l t  on 

S t .  Clair 

Williamson 

Madis on 

Bureau 

Randolph 

Schmyler 

Jackson 

Morgan 1.46 2.42 4.06 7.95 561 
6.97 6.97 

Green - 2.33 2.33 54 3 

S t a t e  T o t a l  27.59 76.27 292.93 403.87 



Table 5.8.  Assumptions Used f o r  Computing Land. 
Disturbed f o r  E l e c t r i c a l  Generat ion 
f o r  I l l i n o i s :  High Coal Use Scenar io  

. * .  

Ef f i c i ency  (1975-1985). 33% (10.33 x l o 6  Btu/MW-hr) 
(1985-2020) 38% (. 8.97 x l o 6  Btu/MW-hr) . 

Coal Heating Value 11',440 ~ t u / l b  . 
Coal Density 

Coal Recovery Fac to r  80% 

With a somewhat similar procedure,  f o u r  high-Btu g a s i f i c a t i o n  p l a n t s  

were p ro j ec t ed  as us ing  strip-mined c o a l  and t h e  most p l a u s i b l e  sourkes  of 

t h i s  c o a l  i d e n t i f i e d  as shown in Fig .  5.2.  The r e s u l t s  in terms of c o a l  

consumption and l and  d i s tu rbed  i s  g iven  i n  Table 5.9. 

The t o t a l  l and  s t r i p  mined (Table 5.8 and 5.9) i s  over  300 squa re  

m i l e s  f o r  t h i s  upper l i m i t  p r o j e c t i o n .  The imp l i ca t ion  of t h i s  l e v e l  of 

s u r f a c e  e x t r a c t  i on  are d iscussed  i n  Volume 11, GcoZogicaZ Effects. 

Table 5.9. Cumulative Coal Co~lsulllp Lion and Land Disturbed (1975-2g20) 
from S t r i p  Mining of Coal f o r  G a s i f i c a t i o n  in I l l i n o i s  

Coal Consumption, l o 6  tons  Land Disturbed,  ~ i l e s '  Reserve 

S t a r t u p  1985- 2000- 1985- 2000- Base, 
Date County 2000 2020 T o t a l  2000 2020 T o t a l  l o 6  tons  

1986 S t . C l a i r  70. 100. 170. 10.85 15.50 26.35 1163 

1993 Pe r ry  35. 100. 135. 5 .43 15.50 20.93 . 973 

2000 Williamson - 100. 100. - 15.50 15.50 5 30 

2006 S a l i n e  - 70 70 - 15.19 15.19 4 31 - - 
T o t a l  16.28 61.69 77.97 

a 
Assumptions: 250 x l o 6  sc f /day  capac i ty  pe r  p l a n t ;  950 ~ t u / s c f ;  70% thermal  
e f f i c i e n c y ;  90% load  f a c t o r ;  11,000 Btu / lb  c o a l  h e a t i n g  va lue .  
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6 IMPACTS ON WATER RESOURCES 

Water is required f o r  a l l  phases of t h e  coa l  f u e l  cycle.  I n  some a r e a s ,  

water  may be i n s u f f i c i e n t  f o t  the  requirements of  coa l  u t i l i z a t i o n ,  and con- 

f l i c t s  may a r i s e  because of competing users  i n  a g r i c u l t u r e ,  indus t ry ,  re- ' 

c rea t ion ,  and o t h e r  a reas .  I n  add i t ion ,  waste discharges from coa l  u t i l i z a t i o n  

cause add i t iona l  po l lu t ion  t h a t  may degrade e x i s t i n g  water  q u a l i t y  and a f f e c t  

use by man and propagation o f  aqua t i c  l i f e .  

This s e c t i o n  presents  an i n i t i a l  ana lys i s  of water  a v a i l a b i l i t y  i n  t h e  

s i x - s t a t e  a rea  and t h e  e f f e c t s  of water  consumption and p o l l u t i o n  due t o  coa l  

developments . 
The o v e r a l l  ob jec t ives  of t h i s  ana lys i s  a r e :  

1. To a s s e s s  the  e f f e c t s  of coal - re la ted  a c t i v i t i e s  on water  
resources regarding the  quant i ty  of a v a i l a b l e  water and 
present  and projec ted  competitive withdrawal uses and in- 
stream uses. 

2 .  To determine the  inpac t s  on water q u a l i t y  of p o l l u t a n t  
discharges from coa l  e x t r a c t i o n  and u t i l i z a t i o n .  

For each major r i v e r  bas in  i n  the  s i x - s t a t e  a rea ,  a v a i l a b i l i t y  f o r  

f u t u r e  energy development was evaluated.  The evaluat ion  includes a  c a l c u l a t i o n  

of requirements f o r  d i r e c t  water  consumption f o r  t h e  projec ted  power. genera- 

t i o n  and g a s i f i c a t i o n  f a c i l i t i e s  and a  comparison of requirements with n a t u r a l  

a v a i l a b i l i t y .  For i n i t i a l  a n a l y s i s ,  t he  7-day/lO-year low flow a t  r i v e r  

gauging s t a t i o n s  was used t o  represent  the  n a t u r a l  a v a i l a b i l i t y .  

I n  add i t ion ,  cumulative loading f o r  s i g n i f i c a n t  p o l l u t a n t s  from coal  

u t i l i z a t i o n  was ca lcu la ted  f o r  each major r i v e r  bas in  i n  t h e  study a rea .  

Loadings were ca lcu la ted  on the  b a s i s  of f u t u r e  s i t i n g  dcvelopmcnt (Sec. 4) 

and the  cha rac te r i za t ion  of e f f l u e n t  discharges of coa l  u t i l i z a t i o n  f a c i l i t i e s ,  

inc luding coal - f i red  power p l a n t s  and synfuel  production p l a n t s  (Sec. 2 ) .  

Impacts of water use and p o l l u t a n t  discharges on t h e  quan t i ty  and 

q u a l i t y  of water a r e  s p e c i f i c  t o  a reas  and f a c i l i t i e s .  I n  t h i s  i n i t i a l  ana- 

l y s i s ,  t h ree  r i v e r  bas ins  i n  I l l i n o i s ,  t he  I l l i n o i s ,  Rock, and Kaskaskia, were 

chosen a s  example a reas .  These bas ins  were s e l e c t e d  because an i n t e n s i v e  



energy development w a s  p r o j e c t e d  f o r  each and a l a r g e  amount of wa te r - r e l a t ed  

informat  ion  was a v a i l a b l e  f o r  t h e s e  a r e a s .  Water-use impacts were eva lua ted  

by comparing t h e  q u a n t i t y  of s u r f a c e  and ground-water r e sou rces  w i t h  t h e  pro- 

j ect ed requirements  of  f u t u r e  energy development; t h e  p r o j e c t e d  consumptive 

needs o f  competing u s e r s ,  inc luding  munic ipa l ,  i n d u s t r i a l ,  a g r i c u l t u r a l ,  and 

mining uses;  and as in s t r eam uses  by h y d r o e l e c t r i c  power gene ra t ion ,  n a v i g a t i o n ,  

r e c r e a t i o n ,  f i s h  and w i l d l i f e ,  and water -qua l i ty  management. 

Impacts on t h e  w a t e r  q u a l i t y  of t h e  s e l e c t e d  r i v e r s  were rep resen ted  . 

by increments  of p o l l u t a n t  concen t r a t ion  r e s u l t i n g  from e f f l u e n t  dischar .ges  

of p r o j e c t e d  f a c i l i t i e s .  Concent rat i o n  increments were subsequent ly  compared 

w i t h  e x i s t i n g  , q u a l i t y  l e v e l s  and a p p l i c a b l e  q u a l i t y  s t a n d a r d s  t o  i d e n t i f y  areas 

of adve r se  impacts .  

The water requirements  f o r  energy product ion  beyond t h e  y e a r  2000 w i l l  

i n c r e a s e  p re s su re  t o  u s e  Great Lakes wa te r  and t o  c o n s t r u c t  more r e s e r v o i r s .  

Impacts  and c o n s t r a i n t s  of u s e  of  Great Lakes water and impoundment of water  

i n  r e s e r v o i r s  a r e  n o t  considered he re .  

Drainage and runoff  from c o a l  mines and seepage from .waste-disposal 

s i t e s  and hold ing  ponds, c r e a t e d  f o r  c o a l  u t i l i z a t i o n  and e x t r a c t i o n ,  could 

cause  s e r i o u s  p o l l u t i o n  i n  s u r f a c e  and ground wa te r .  Q u a l i t a t i v e  d i s c u s s i o n s  
.. . . . 

of t h e s e  impacts a r e  included i n  t h i s  s e c t i o n .  Fu r the r  assessments  a r e  re- 

qu i r ed  t o  e v a l u a t e  t h e i r  p o s s i b l e  impacts on t h e  wa te r  r e sou rces  of t h e  s tudy  

area. 

6.2 REGIONAL WATER PROFILE 

The s i x - s t a t e  s tudy  a r e a  inc ludes  t h r e e  Water Resource Council  (WRC)' 

r eg ions :  t h e  Ohio River  bas in ,  t h e  Upper M i s s i s s i p p i  River  b a s i n ,  and t h e  

Grea t  Lakes b a s i n .  The r e g i o n a l  boundary and s u r f a c e  waters inc luded  i n  t h e  

region a r e  shown i n  Fig. 6.1. 

6.2.1 Geographic Description of the  ~ e g i o n  

Ohio Region 

The Ohio River  b a s i n  covers  203,910 squa re  mi l e s  of dra inage  a r e a .  Most 

of t h e  b a s i n  is  w i t h i n  t h r e e  major physiographic provinces ,  t h e  Appalachian 

P l a t e a u ,  t h e  I n t e r i o r  Low P l a t e a u ,  and t h e  Cen t r a l  Lowlands. 



Fig. 6.1 Regional Water Resources Represented by 10-year/7-day 
Low Flows in Major Rivera 



The sect ion of t he  Ohio River basin WRC Region in t h e  s ix-s ta te  study 

area consis ts  of a l l  o r  pa r t  of Aggregated Subareas (ASA) 502, 503, and 506: 

ASA 502 contains the  Ohio River from t h e  Ohio-Pennsylvania s t a t e  line t o  

Markland, Kentucky; ASA 503 includes t h e  M i a m i ,  Muskingum, and Scioto Rivers; 

and ASA 506 includes the  Wabash and White Rivers and the  Ohio River from 

Markland, Kentucky, t o  Cairo, I l l i n o i s  . 
Precipi ta t ion,  including snowfall, averages about 45 in. annually. 

Prec ip i ta t ion  is usually greatest  in June o r  July and l e a s t  in October; and 

t h e  average seasonal var ia t ion  is small. Average annual r a i n f a l l  ranges from 

about 36 in, i n  the  Northern Plains  area t o  about 44 i n .  in the  eastern 

nnunrain~us r a g b n s  . 
Stream ruuoff normally follows a marked seasonal pattern,  t h e  average 

annual values varying considerably with geography, geology, and topography. 

Average monthly runoff is typica l ly  high during l a t e  winter and spring, with 

t h e  maximum usually i n  January. The low occurs from l a t e  summer through 

October. 

Upper Mississippi Region 

The Upper Mississippi River basin, upstream of the  confluence with t h e  

Ohio River, is made up of p a r t s  of e ight  states of t he  northcentral  United 

States .  The watershed area of t h e  basin is 189,000 square miles (about 121 

mil l ion acres).  

The climate in t h e  Upper Mississippi River basin is humid continental. 

The average annual p r e ~ i ~ i g a t ~ i o n ~ v a r i ~ s  * .  from 20 in. i n  the  north t o  48 in. 
11 1, rd-+ - E 

in the south. d a ,  
" 2 "7 ,">& 

The basin extends in a north-south d i rec t ion  f o r  about 700 a i r  m i l e s ,  

from t h e  mouth of t he  Ohio River t o  t h e  United States-Canadian border. The 

east-west extension is 500 m i l e s ,  from near South Bend, Indiana, to  Big Stone 

Lake, South Dakota. 

In t h e  s ix-s ta te  region, t h e  Upper Mississippi Region contains f ive  

ASAs, each containing the  r ive r s  l i s t ed :  ASA 701, t he  Minnesota and St .  Croix 

Rivers plus t h e  Mississippi from its source t o  Minneapolis; ASA 702, t h e  

Chippewa and Wisconsin Rivers and the Mississippi from Minneapolis t o  Wyalusing- 

Wisconsin; ASA 703, the Rock River and the  Mississippi from Wyalusing, Wisconsi~ 
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t o  Bur l ing ton ,  Iowa; ASA 704, t h e  I l l i n o i s  River  and t h e  M i s s i s s i p p i  from 

Bur l ing ton ,  Iowa t o  Alton,  I l l i n o i s ;  and ASA 705, t h e  Kaskaskia River  and t h e  

M i s s i s s i p p i  from Alton,  I l l i n o i s  t o  Cairo,  I l l i n o i s .  

Great Lakes Region   as in 

The major water bodies  i n  t h e  s tudy  area i n  t h e  Basin inc lude  Lakes 

Super ior ,  Michigan, Huron, and E r i e ,  and many i n l a n d  l a k e s  and streams. The 

  re at Lakes con ta in  a huge volume of wa te r . '  ~ o s t  of t h e  rivers i n  t h e  Great  

Lakes Region 'of t h e   idw west s tudy  area d r a i n  i n t o  Lake Michigan, t he ' on ly '  

except ions  being t h e  saginaw, which flows i n t o  Lake Huron, and t h e  Maumee, 

which flows i n t o  Lake E r i e .  

Four ASAs of t h e  Great Lakes Region a r e  included i n  t h e  s tudy  a r e a :  

ASA 402, t h e  Fox and Wolf Rivers  of Wisconsin; ASA 404, t h e  S t .  Joseph, t h e  

Kalamazoo, t h e ' ~ r a n d ,  and Muskegon Rivers ;  t h e  saginaw River  d r a i n s  ASA 405; 

and t h e  Maumee River  d r a i n s  ASA 406. 

6.2.2 Avai l a b i l i t y  of Surface and ' ~ r o m d  Water 

The amount of flow and t h e  seasona l ,  annual ,  and long-term f l u c t u a t i o n s  

i n  flow i n  a r i v e r  a r e  important  i n  a s s e s s i n g  sites f o r  energy. f a c i l i t i e s .  

Stream and ground water ;  water  q u a l i t y  and a v a i l a b i l i t y ;  type  and q u a n t i t y  

of  a q u a t i c  and terrestial b i o t a ;  and p o t e n t i a l s  . for  a s s e s s i n g  sites f o r  r i v e r  

use  a r e  a l l  a f f e c t e d  by r i v e r  flow. 

For t h i s  s tudy ,  t h e  flow measurement used f o r  c h a r a c t e r i z a t i o n  and 

p r o j e c t i o n  is t h e  7-day/lO-year low flow. This  parameter  provides :  a measure 

of worst-case flow cond i t i ons  f o r  coal-conversion f a c i l i t i e s ,  and a l s o  a max- 

imum bounda.ry f o r  s i t i n g  cons ide ra t ions .    able D-1  in Appendix D con ta ins ,  

f o r  each  WRC aggregated subarea ,  in format ion  on t h e  7-day/lO-year low flow at-  

des igna ted  r i v e r  mi les .  This in format ion  is a l s o  suuunarlzed i.11 Fig.  6.1. 

These d a t a  were gathered from publ i shed  r e p o r t s  a v a i l a b l e  from f e d e r a l  and 

state agencies ,  inc luding  t h e  U. S . ~ e o l o ~ i c a l '  Survey, Corps of Engineers ,  EPA, 

and S t a t e  Water Resources Boards. 

Compared wi th  s u r f a c e  water ,  ground water  has  been r a t h e r  insignificant 

as a sou rce  of water to . ene rgy  development i n  t h e  s tudy  reg ion .  Ground water 

i s ,  however, a p o t e n t i a l  long-term o r  supplemental sou rce  of water r equ i r ed  

f o r  energy-generat ion f a c i l i t i e s .  A v a i l a b i l i t y  and q u a l i t y  o f  ground water 



vary considerably between and wi th in  r i v e r  bas ins .  Ground water  a v a i l a b i l i t y  

depends on recharge r a t e s ,  types of s u b s t r a t a  t h a t  convey and conta in  the  water ,  

and degree of development of  the  aqu i fe r .  A v a i l a b i l i t y  and q u a l i t y  a r e  s i t e -  

s p e c i f i c ,  bu t  genera l i za t ions  can be made f o r  l a r g e  a reas .  

I n  the  Ohio River Basin, moderate t o  p l e n t i f u l  supp l i e s  of ground water 

are a v a i l a b l e  throughout most of t h e  a reas  of g l a c i a l  till and t h e  a l l u v i a l  

va l l eys .  The unconsolidated deposi t s  n o r t h  of t h e  Ohio River conta in  l a r g e  

ground-water s t o r a g e  r e s e r v o i r s  i n  bur ied  flow channels formed by p r e g l a c i a l  

dra inage  systems. For t h e  most par t , .  ground-water reserves  of the  g l a c i a l  till 

and t h e  small  a r e a  of  t h e  Gulf Coastal P l a i n  i n  the  lower por t ion  of t h e  Ohio 

River Basin are p l e n t i f u l  and adequate except f o r  Che needs of large cullcrn~LrtlLeI1 

municipal and i n d u s t r i a l  water  supp l i e s .  However, t h e  e f f e c t  on stream flow of 

ground-water withdrawal may r e s t r a i n  i ts  use. . . 

The mineral content  of ground water  is genera l ly  higher than t h a t  of 

s u r f a c e  water.  Chloride is excessive i n  s e v e r a l  a r e a s .  Also excessive i n  some 

a r e a s  a r e  mineral concentra t ion  and hardness. High i r o n  content  is  common 

throughout t h e  bas in .  2 

I n  the  upper Miss i s s ipp i  River bas in ,  t h e  most widespread consolidated 

a q u i f e r s  a r e  of sandstone,  which provides poor t o  medium y i e l d s  of ground 

water .  There a r e  a l s o  l a r g e  a reas  of l imestone and dolomite aqu i fe r s  of ex- 

tremely v a r i a b l e  y i e l d .  Unconsolidated aqu i fe r s  of good t o  exce l l en t  y i e l d  

l i n e  most present  r i v e r  systems and are a l s o  i n  anc ied t  r ~ v e r - b e d  s y s i e m .  

Ground-water a v a i l a b i l i t y  is  genera l ly  good, except i n  a reas  o f '  l a r g e  municipal 

and i n d u s t r i a l  l o c a t i o n s ,  where use exceeds recharge. 

Water from the  consolidated aqu i fe r s  of sandstone, iimestoxie, and 

dolomite and unconsolidated aqu i fe r s  of sand and gravel  is  genera l ly  hard,  

due t o  excessive calcium and magnesium i n  the  aquifer-bearing rock, although 

t h e  degree of  hardness va r i e s  s i g n i f i c a n t l y .  Other ground-water q u a l i t y  

problems inc lude  d issolved s o l i d s  and i ron .  

I n  t h e  Lake Michigan a r e a  of  t h e  Great Lakes bas in ,  ground water  

occurs i n  s e v e r a l  formations. Probably more than one a q u i f e r  w i l l  b e  a v a i l a b l e  

a t  any wel l  s i te .  Although the  Lake Michigan bas in  has the  l a r g e s t  ground- 

water supp l i e s  i n  t h e  Great Lakes Basin, it  inc ludes  a reas  where n a t u r a l  o r  



man-made condit ions c r e a t e  problems. I n  some places t h e  ground--water supply 

is inadequate f o r  o the r  than domestic and r u r a l  use although t h i s  problem is 

of ten  due t o  improper w e l l  l oca t ions  o r  outmoded supply and d i s t r i b u t i o n  systems. 

A few a reas  have highly s a l i n e  bedrock aqu i fe r s  o r  poor unconsolidated aqu i fe r s ,  

which p roh ib i t  major use of ground water. Extensive lowering of water  l e v e l s  

i n  bedrock aqu i fe r s  o f t e n  occurs i n  metropolitan areas .  This condit ion inc reases  

pumping cos t s  and deple tes  the  water a v a i l a b l e  f o r  f u t u r e  use. Contamination of 

shallow aqu i fe r s  by waste d isposal  and of deep aqu i fe r s  by leakage from water  i n  

multi-aquifer w e l l s  has a l s o  occurred. 

I n  the  Lake Huron a rea ,  the  ground water v a r i e s  g rea t ly  i n  amount and 

qua l i ty .  Water occurs i n  g l a c i a l  deposi t  aqu i fe r s ,  which vary considerably 

i n  permeability and p o t e n t i a l  water y i e l d .  The bedrock conta ins  aqu i fe r s  t h a t  

general ly y i e l d  moderate t o  small amounts of water .  The chemical q u a l i t y  of 

some of t h i s  water  is  poor. Supplies adequate f o r  indust ry  and munic ipa l i t i e s  

are r e s t r i c t e d  t o  the  western and southern sec t ions  of t h e  basin.  

I n  t h e  Lake E r i e  bas in ,  major aqu i fe r s  occur i n  unconsolidated sediments 

and near-surface bedrock formations. I n  con t ras t  t o  the  th ree  upper Great Lakes 

bas ins ,  unconsolidated aqu i fe r s  i n  the  Lake E r i e  bas in  a r e  r e l a t i v e l y  i n s i g n i f i -  

cant  supply sources. Chemical q u a l i t y  of t h e  ground water  has l i m i t e d  i ts  de- 

velopment. Most water from s u r f i c i a l  sand and' gravel  aqu i fe r s  i s  good t o  f a i r  

i n  qua l i ty .  I ron is usual ly  present .  Some of t h e  water is hard and conta ins  

appreciable amounts of dissolved s o l i d s . .  Bedrock aqu i fe r s  cons i s t en t ly  y i e l d  

hard t o  very hard water  containing dissolved s o l i d s ,  o f t e n  above t h e  recommended 

l i m i t  of 1000 mg/l. Sa l ine  water i s  present  l o c a l l y  and increases  wi th  depth. . 

I ron  and s u l f a t e  contents  may be high i n  some a reas  and increase  treatment c o s t s .  4 

General s t u d i e s  of ground water resource i n  OhioS5 Indiana,  and I l l i n o i s  

show t h a t ,  i n  the  a l l u v i a l  flood p l a i n s  of r i v e r s  i n  these  s t a t e s ,  expected 

y i e l d s  from individual  we l l s  can be expected t o  exceed 1.1 c f s .  Expected y i e l d  

pe r  w e l l  drops s i g n i f i c a n t l y  away from t h e  t lood p l a i n  t o  0.2-1.0 c t s  m t h e  

extreme northern a reas  of t h e  r i v e r  bas ins ,  which l i e  i n  g l a c i a l  d r i f t ,  t o  

nder 0.01 c f s  i n  the  southern por t ions ,  where g l a c i a l  deposi ts  diminish and 

Devonian o r  Miss iss ippi  s h a l e  predominate. ,In Minnesota, i n  t h e  Minnesota River 

bas in ,  ground-water suppl ies  a r e  general ly inadequate f o r  needs o t h e r  than do- 

mestic. The glacial d r i f t  i n  t h i s  a rea  is of low permeabil i ty and thus only 

l o c a l l y  can w e l l s  of 0.7 c f s  be found. No e f f o r t  has been made t o  quant i fy  i n  

d e t a i l  the  e f f e c t  of ground-water a v a i l a b i l i t y  i n  t h e  study.  



6.2.3. Existing Water Quality 

Throughout t h e  region e a c h . s t a t e  has developed systems of r iver-use 

c l a s s i f i c a t i o n s ,  which vary among s t a t e s  and r i v e r  reaches. Typical 

c l a s s i f i c a t i o n s  inc lude pub l ic  drinking supply, i n d u s t r i a l  use,  a g r i c u l t u r a l  

use ,  f i s h  and w i l d l i f e ,  and recreat ion.  For each category,  acceptable  con- 

c e n t r a t i o n  l e v e l s  have been developed f o r  water-quali ty parameters t h a t  vary 

wi th  use c l a s s i f i c a t i o n .  Typical parameters a re :  dissolved oxygen (DO), 

b i o l o g i c a l  oxygen demand (BOD), f e c a l  coliform, phenols, pH, Fe, C 1 ,  Mg, Pb, 

C r ,  Cd, and Cu. 

Figure 6.2 shows a r e a s  t h a t  now v i o l a t e  water-quali ty standards f o r  

d issolved oxygen, pH, Fe and heavy metals ,  including Cd, C r ,  Pb, Mg, and Cu. 

This base l ine  map was compiled by ca lcu la t ing  background r i v e r  concentrat ions 

f o r  water-quali ty parameters a v a i l a b l e  through STORET, t h e  data  s to rage  base 

, f o r  water  q u a l i t y  of t h e  Environmental P ro tec t ion  Agency. STORET contains da ta  

from f i e l d  tes ts .conducted by s t a t e  and federa l  agencies,  such a s  geological  

surveys,  environmental p ro tec t ion  agencies,  departments of n a t u r a l  resources,  

and w a t e r  surveys, a s  we l l  a s  educational  i n s t i t u t i o n s .  

For base l ine  charac te r i za t ion ,  each r i v e r  i n  t h e  region was divided 

i n t o  2U-4U m i l e  reaches t o r  which maximum, minimum, and mean conC&ICfa~i~nS 

f o r  water-quali ty parameters were computed. The mean values f o r  pH, Fe, and 

heavy metals and t h e  minimum values f o r  DO were then compared with standards 

a p p l i c a b l e  t o  t h e  r i v e r  reaches. A s  indica ted  i n  Fig. 6.2, s tandard v i o l a t i o n s  

are frequent  throughout t h e  region f o r  these  parameters. 

These v i o l a t i o n s  a r e  due t o  both n a t u r a l  and human causes. However, 

s i n c e  t h e  standards a r e  based on hea l th  c r i t e r i a ,  even n a t u r a l  v i o l a t i o n s  

i n d i c a t e  problem' a reas .  

High i r o n  concentrat ions i n  many a reas  a r e  due t o  n a t u r a l  sources,  such 

a s  sp r ings ,  ground-water i n t e r f a c e s ,  and geological  s u b s t r a t a .  However, e ros ion 

from excavations,  m i n e  t a i l i n g s ,  and i n d u s t r i a l  e f f l u e n t  may a l s o  con t r ibu te  

t o  high i ron  concentrat ions i n  r i v e r s .  

The amount of dissolved oxygen i n  a stream is  a funct ion of water 

temperature, water  depth and su r face  area ,  benthic  deposi ts ,  organic loading,  

and type and amount of  b i o l o g i c a l  organisms i n  the  water. Each may be modified 
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Fig. 6 . 2  Recorded Violations of Regional Water-Quality Standards 
in Major Rivers 



by both n a t u r a l  and man-made sources.  Man-induced problems most of ten  occur 

i n  heavily populated a reas  and s t e m  from increased organic loading due t o  muni- 

c i p a l  and i n d u s t r i a l  e f f l u e n t s .  . 

Low pH can occur n a t u r a l l y  because of sp r ings ,  geological  s u b s t r a t a ,  and 

runoff ;  however, such a c i d i c  w a t e r  more o f t en  ind ica tes  such sources a s  ac id  

mine drainage from sur face  t a i l i n g  and deep mines, and e f f l u e n t  from i n d u s t r i a l  

sources .  

Although high concentrat ions of heavy metals occasionally occur n a t u r a l l y ,  

they most o f t e n  r e s u l t  from man-made po l lu t ion  sources. Mining, a g r i c u l t u r e ,  

t e x t i l e s ,  chemical, e l e c t r i c a l ,  and r e f i n i n g  i n d u s t r i e s  can a l l  con t r ibu te  t o  

high concentrat ions of heavy metals through runoff and e f f l u e n t  discharges. . a 

6.3 WmER RE&UIREmNFS FOR PROJECTED ENERGY DEVELOPMENT 

Although energy development w i l l  r e s u l t  i n  various types of secondary 

domestic, i n d u s t r i a l ,  municipal, mining, and reclamation water use,  t h i s  sec- 

t i o n  deals  wi th  t h e  d i r e c t  water requirement$ of energy-prod'Gction f a c i l i t i e s - -  

coa l  conversion p lan t s ;  and e l e c t r i c  power p l a n t s ,  including nuc lea r  p l a n t s  

and o i l - ,  gas-, and coal-f ired f a c i l i t i e s .  

As  discussed i n  Sec. 2.0, it was assumed t h a t  con t ro l s  on water  con- 

sumption would be s t r i n g e n t ,  with a r e s u l t i n g  consumption of 10.8 c f s  f o r  a 

250 x l o 6  scf/day g a s i f i c a t i o n  plant .  Water .consumption f o r  e l e c t r i c a l  

generat ion based on the  use o i  w e t  cooling towers was assumed t o  b e  u.0~8 

C ~ S / M W .  

Power generat ion and water requirements f o r  e l e c t r i c a l  generat ion and 

c o a l  g a s i f i c a t i o n  f o r  t h e  years 1985 and 2020 have been computed ( see  Table 

6.1) f o r  each major water resource in each WRC aggregated subarea i n  the  study 

a r e a  based on the  base l ine  scenar io .  I n  add i t ion ,  7-day/lO-year low flow and 

t h e  percentage consumption of t h i s  flow by energy development i n  2020 a r e  a l s o  

presented for  each app l i cab le  water  resource a rea .  

E l e c t r i c a l  power generat ion and coal  g a s i f i c a t i o n  w i l l  consume exlough 

sur face  water i n  severa l  sec t ions  of t h e  study a r e a  t o  i n d i c a t e  poss ib le  shor- 

tages .  These i n d u s t r i e s  w i l l  consume 85% of t h e  7-day/lO-year low flow of t h e  

Maumee River i n  northern Ohio; about 40% of t h a t  flow of t h e  Muskingum, 

Sc io to ,  and M i a m i  Rivers in southern Ohio, and 30% f o r  t h e  White River i n  
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Table 6.1.; Pro jec ted  Future Energy Developments and Estimated 
. .. . .. Consumptive Water Requirements 

- '  . . . -* 

. . 
2020 

Estimated Water Requirements 
. . 1985 Tota l  2020 E l e c t r i c a l  Generation Coal Gasi- i n  2020 f o r  E l e c t r i c a l  Generation 

E l e c t r i c a l  Capacity,  MW f i c a  t ion  
and Coal G a s i f i c a t i o n  7 dayIl0-yr 

' water ~ e n e r a t  i on  Nuclear Ca d c i t y ,  % of 7 d a y l  LOW-  low; g. WRC-ASA Resour-e C a l a c i t y ,  W O i l ,  Gas Coal T o t a l  1 0  s c f l d a y  cf  s 10-yr Low Flow cf s 

401 - Lake Superior 2,522 8,549 5.587 14,136 - 178.1  . . 
4 02 - Lake Michigan 1,588 4.588 5.104 9,692 - 122.1 

: Wolf ..; - 3.000 - 3,000 - 37.8 
. . 

403 Lake ' k c h i g a n  10.301 15,623 7,312 22,935 - 288.9 
Des P la ines  
River 3,296 - 4.530 4 ,530 - 57.1 

404 ' " '  Lake' M:chigan 4,147 12,076 6.000 18,076 
S t .  Joseph River - 3,000 - 3.000 

- .. . ",Muskegcn River . 511 . 3,511 3,511 
Grand i v e r  1 ,775 - 4.450 . 4,450 

' ~ a l a r n a i o o  River 812 812 3,000 3,812 

.. '405 Lake  H~yron ' 2.382 14.231 10,165 24,396 - 307.4 
..-. . - ... . Saginav- River. . - 1,300 1 ,300 - 1,300 - 16.4 
. . . . 
" 406 ' Like Huron ' 5.660 11,308 10,394 21,702 - 273.4 

Lake E r i e  ' 8,614 22,968 13,696 36,664 - 462.0 
Maumee River  - 8,848 3,000 11,848 - 149.3 

407 Lake Erie 5.301 17.224 4.771 21,995 - 277.1 - - 
. , 502 . -. ' Ollio River . -. - .15 ,817 14,957 48,696 63,653 - 802.0 (1510.0) a 11.5 (21.6) 7.000 

2,966 - 2,966 2,966 - 37.6 Reservoir  - - 



� able 6 .l. .(Cont 'd) 

2020 Estimated h a t e r  Requirements 
2020 E l e c t r i c a l  1:eneration i n  2020 fo r  E l e c t r i c a l  Generation 

1985 Total Coal ( h s i -  
Capacity, f i c a t i o n  and Coal Gas i f i ca t ion  

E l e c t r i c a l  7 day/lO-yr 
Water Generazion Nuclear Capacity. % of 7 4 a y /  Low Flow, 

WRC-ASA Resource Capacity, MN O i l .  Gas Coal ~ o t a l  . 1 0 ~ s c f / d a ~  cf s JO-yr Low Mow cf s 

503 Muskingum River 4,163 - 27,510 27,610 - 347.9 28.7 900 , 

Scioto  River , - 3,000 12.000 15,000 - 189 .O ~ 8 . 5  390 
Miami River - 9,000 4,712 13,712 - 172.7 c0.6  425 

505 Ohio. River 9.14 3 14,676 16,.780 31.456 1,500 397.2 12440.2) 0.9 (5.4) 45,000 

506 White River 5,235 4,459 13.334 17,793 250 235.0 - 33.5 700 . 
Wabash River 4,570 3,000 21.508 24,508 500 308.8 ,(533.0) 11.0 (19.0) 2,800 
Reservoirs 1,700 . 6,000 4,700 10,700 250 134.8 - - 

701  missi is sip pi River 6,563 3,569 14,587 18,156 - 228.8 (361.1) 81.4 (19.1) 2,000 
Minnesota River - 3,090 3,000 6,090 - 76.7 50.4 190 
S t .  Croix River - 3,000 3.000 6,000 - 75.6 7.2 1.050 

702 Miss iss ippi  River 3,411 7,186 .6 921 14,107 d 178.5 (646.3) . 1.6 (5.9)' 11,000 
Chippewa River 8 00 800 - . 800 - 10.1 0.5 ' 1,900 
Wisconsin River 3,079 512 5.567 6,079 - 76.6 2.9 2,660 

703 Miss iss ippi  River 4,480 12,980 6.110 19,090 - 240.5 (1088.9: 1.6 (7.2) 15.000 
Rock Rivsr 4,040 13,040 3.000 16,040 - 202.1 14.0 1.440 

704 Miss iss ippi  River - 3,000 A000 6,000 - 75.6 (1659.9: 0.4 (7.9) 21,000 
I l l i n o i s  River 15,439 27,483 1L,833 39.316 - 495.4 (552.5) 13.8 (15.5) 3,600 
Reservoirs 6,491 10.900 9.726 20,626 750 292.3 - - 

7 05 ~ i s s i s s i p p i  River 650 3,006 650 3,650 1.000 89.2 (1794.i) 0.2 (3.6) 48.500 
Kaskaskia River 1 ,858 - 1,858 1.858 500 45.0 37.5 120 
Reservoirs 1.303 - 4.881 9,881 - 124.5 - - 

~ - - - - - - -- - -- 

allumbers i n  parenthesis  i n d i c a t e  t o t a l  water requiremerts ,  t r i b ~ t a r y  p lus  meinstem. 



Indiana ,  40% f o r  t h e  Minnesota River  i n  Minnesota; and 40% f o r  t h e  Kaskaskia 

River  i n  I l l i n o i s .  , I n  a d d i t i o n ,  c o n s t r a i n t s  may develop on the  border  r i v e r s  

of  t h e  s tudy  a r e a ,  such as the. Ohio and M i s s i s s i p p i ,  when a d d i t i o n a l  water  

i s  consumed from t h e s e  r i v e r s  and t h e i r  t r i b u t a r i e s  by s t a t e s  o u t s i d e  t h e  

s tudy  a r e a .  

For t h e s e  a r e a s ,  meeting t h e  water'demand w i l l  r e q u i r e  use  of less 

water - in tens ive  technology, i n c r e a s e  i n  a v a i l a b l e  water  s u p p l i e s ,  o r  changes 

i n  s i t i n g  p a t t e r n s .  Two p o t e n t i a l  methods of i n c r e a s i n g  water s u p p l i e s  a r e  

t h e  use  of l a k e s  and c r e a t i o n  of r e s e r v o i r s .  Though t h e s e  two s o l u t i o n s  may 

be a v a i l a b l e  a t  some s i t e s ,  assessment of  t h e i r  impacts on water  a v a i l a b i l i t y  

r e q u i r e s  f u r t h e r  a n a l y s i s .  Use of ground watei- is  a t h i r d  method of  water 

augmentation. A v a i l a b i l i t y  of  ground water  i s  more s i t e - s p e c i f i c  than  a v a i l -  

a b i l i t y  of  s u r f a c e  water .  Ground water  a v a i l a b i l i t y  depends on th i ckness ,  

depth,  recharge r a t e ,  q u a l i t y  and type  of  a q u i f e r s  used and t h e  e x t e n t  t o  

which the  a q u i f e r  p o t e n t i a l  is a l r eady  developed by competing u s e r s .  A s  

l i m i t e d  by t h e  scope of t h i s  s tudy ,  only g e n e r a l i z a t i o n s  ( s e e  Sec. 6 .2.2) ,  

can be  made a s  t o  o v e r a l l  r eg iona l  a v a i l a b i l i t y  of ground water  f o r  energy a s  

w e l l  as non-energy r e l a t e d  u s e r s .  

I n  t h i s  s ec t ion , '  7-day/lO-year low flow of s u r f a c e  s t reams,  a . w o r s t -  

ca se  i n d i c a t o r ,  has  been used t o  i d e n t i f y  p o t e n t i a l  problem a r e a s  of  water  
. , 

a v a i l a b i l i t y  f o r  power genera t ion  and c o a i  conversion.  I n  Sec. 6 .5,  addi- 

t i o n a l  water  resources and e f f e c t s  o f  o t h e r  competing u s e r s  w i l l  b e  considered 

i n  eva lua t ing  t h e  water  a v a i l a b i l i t y  problems f o r  t h e  sample a r e a s  i n  I l l i n o i s .  

6 . 4  GJ4111'RR POLLIITIOfl FROM C O L  UTILIZATION 

I n  coa l - r e l a t ed  energy f a c i l i t i e s ,  wastes  r e s u l t  from c l ean ing  of s t a c k  

gases ;  s o f t e n i n g ,  n e u t r a l i z a t i o n ,  and deminera l iza t ion  of  b o i l e r  water ;  blow- 

down from p l a n t  processes ;  cool ing  and c l ean ing  of crude gases ;  quenching of 

g a s i f i e r  ash and removal of  s l u r r y ;  runoff  from coa l  s t o r a g e  p i l e s ;  and 

o t h e r  sou rces .  The composition amount of  water  p o l l u t a n t s  p o s s i b l e  from power- 

gene ra t ion  p l a n t s  and coal-conversion f a c i l i t i e s  depend on t h e  s i z e  and types  

of processes  and po l lu t ion -con t ro l  and water-conservat ion p r a c t i c e s  used i n  

t h e  f a c i l i t i e s  ( s ee  Sec. 2 .0 ) .  



From t h e  load ing  r a t e s  given i n  Tables  2.7 and 2.12 and s i t i n g  pro- 

j e c t e d  i n  Sec. 4.0, cumulative loadings  of 1 5  p o l l u t a n t s  due t o  t h e  2020 

b a s e l i n e  s c e n a r i o  f o r  a l l  major r i v e r  b a s i n s  in t h e  s tudy  a r e a ,  and, i n  

a d d i t i o n ,  High 'Coal  U s e  Scenario f o r  eh ree  example areas i n  I l l i n o i s ,  were 

c a l c u l a t e d .  Table 6.2 summarizes d a t a  by r i v e r  bas ins .  E f f l u e n t  c o n t r o l  

t o  meet New Source Performance.Standards (NSPS) ' f o r  power gene ra t ion ,  and 

"cont ro l led"  op t ion  f o r  coa l  g a s i f i c a t i o n  , were used where given; o therwise ,  

va lues  f o r  uncon t ro l l ed  e f f l u e n t s  were used. 

D i f f e r e n t  p o l l u t a n t s  may in f luence  t h e  q u a l i t y  of water  and of stream 

b i o t a  in d i f f e r e n t  ways. B io log ica l  oxygen demand (BOD), has  been used t o  

i n d i c a t e  concen t r a t ions  of o x i d i z a b l e  compounds; t h e s e  compounds remove 

d i s so lved  oxygen (DO) from water. A high  BOD may use  a l l  a v a i l a b l e  DO, thus  

conver t ing  an a e r o b i c  ecosystem, t o  anaerobic  and completely changing b i o l o g i c a l  

and chemical composition of t h e  stream. The DO is  a s i g n i f i c a n t  l i m i t i n g  

f a c t o r  in determining s p e c i e s  composition of t h e  b i o t a .  

Ammonia n i t r o g e n  i s  a s p e c i f i c  component of BOD; and i t s  byproducts ,  

' n i t r i t e  and n i t r a t e ,  are n u t r i e n t s  f o r  b i o l o g i c a l  growth. Ammonia is  a good 

i n d i c a t o r  of  s t ream q u a l i t y  because i t  o r i g i n a t e s  p r imar i ly  from human a c t i v i -  

ties r e l a t e d  t o  sewage and l i v e s t o c k  ope ra t ions .  Synfuel  f a c i l i t i e s  might 

d i scharge  l a r g e  amounts of ammonia i n  waste  streams.. 

Chlorides occur  i n  most s u r f a c e  w a t e r s  and may r e s u l t  from n a r u r a l  

causes  o r  human a c t i v i t i e s ,  i nc lud ing  c o a l  processes .  High concen t r a t ions  

of c h l o r i d e s  impart  an unpleasant  taste t o  water and may.be hazardous t o  

people  w i th  kidney o r  h e a r t  d i sease .  Chlorides may be  p re sen t  a s  t o x i c  

salts of  heavy meta ls .  

Suspended s o l i d s  cause an increased  t u r b i d i t y ,  which profoundly a f f e c t s  

t h e  s t ream b i o t a  and both  i n c r e a s e s  c o s t  and decreases  e f f e c t i v e n e s s  of  water 

d i s i n f e c t i o n .  

S u l f a t e  may l i m i t  a lgae  growth i n  some a q u a t i c  environments.  High 

s u l f a t e  concen t r a t ions  may have a l a x a t i v e  e f f e c t  on humans and impart  un- 

d e s i r a b l e  t a s t e s  t o  t h e  water .  Under anaerobic  cond i t i ons ,  s u l f a t e  may b e  

changed t o  s u l f i d e ,  which is  h ighly  t o x i c  t o  b i o t a .  

I ron  compounds a f f e c t  t h e  t a s t e  of d r ink ing  water  and tend  t o  pre- 

c i p i t a t e  and agglomerate on p ipe  su r f aces .  I r o n  may, i n  unbuffered water, 



Table 6.2. Estimated P o l l u t a n t  Loadings of t h e  Pro jec ted  2020aCoal U t i l i z a t i o n  
F a c i l i t i e s  Assuming High Ef f luen t  Control ( l b lday )  

Lake Lake Lake Lake Muskegon Grand Kalamazoo Maumee 
P o l l u t a n t  Super ior  Michigan Huron E r i e  River River River  River . 

BOD - - - - - - - - 
Ammonia 9.3 30.8 34.4 30.9 5.8 7.4 5.0 5.0 

Chloride 860 , 2836 3166 2844 541 685 4 62 462 

S u l f a t e  . 1823 600 7 6706 6024 1145 14 52 979 . , 979 

TSS 38 7 1276 14 24 1280 243 308 2 08 208 

Cyanide ' 

Thiocyanate 

phenols 

Cadmium 

Chromium 

Copper 

1ron '  

Z ~ C '  

Lead 

Arsenic  

a 
A l l  loadings  are f o r  t h e  2020 Base l ine  Scenario,  .except f o r  t h e  I l l i n o i s ,  Rock, and Kaskaskia River  b a s i n s  , 
f o r  which d a t a  f o r  both b a s e l i n e  and high coa l  u se  scena r ios  a r e  presented.  

I-' 
I-' 
I-' 



Table 6.2. (Cont'd) 

Muskingum S c i o t o  Miami White Wabashb Ohio . S t .  Croix 
P o l l u t a n t  River River River River -River River River 

BOD - - - 375 1125 . 3375 - 
Ammonia 46 2 0 7.9 22 8 676 2096 5.0 

4232 1848 726 .2 741 74 2-8 28462 462 Chl-or i d e  

. -Su l f a t e  900.6 . 3914 . ,1537 4 684 12367 5018 7 979 

' Cyanide 

Thioc yana te 

Phenols 

.Cadmium 

Chromium 

Copper 

I r o n  

Zinc . 

Lead 

Arsenic  

b ~ n c l u d e s  loadings  of t h e  Wa5te River and Wabash River mainstem. 
C 

Inc ludes  loadings  of t h e  Muskingum, S ~ i o t o ,  Miami, Wabash, and White Rivers  and Ohio River mainstem. 



Table .6  .'2. (Cont 'd) 

Minnesota Wisconsin Rock I l l i n g  is I l l i n f i s  KaskaskAa Miss iss ip  i 
P o l l u t a n t  River River River River River River River E 
BOD 

Ammonia 

Chloride 

S u l f a t e  

Tss 
Cyanide 

Thiocyanate 

Phenols 

Cadmium 0.04 0 .1  0.04 0.2 0.5 ' 0.3 1 .8  

Chromium 2.. 3 4.2 2.2 12 28 . . 1.7  46 

Copper 1 . 4  2.5 1 . 4  7.4 17 1.9 3 0 

1.4 2.5 1.4 7.4 17.  I r o n  166 522 

Zinc 1 .7  . 3.2 1.7 9.4 21 4.4 4 4 

Lead 0.04 0.1 0.04 0.2 0.5 171 514 

Arsenic 0.04 0 .1  0.04 0.2 0.5 1 .7  5.8 

f o r  Basel ine Scenario and  High Coal use Scenario.  . . 

e 
~ e ~ r e s e n t s '  Base l ine  Scenario.  

f 
Represents,  High Coal Use Scenario.  

g ~ n c l u d e s  loadings  of  t h e  Minnesota, S t .  Croix, Wisconsin, .Rock, I l l i n o i s ,  Kaskaskia Rivers and 
Miss iss ippi  River mains t em. 

.. . 



lower t h e  pH t o  a t o x i c  l e v e l .  I ron  p r e c i p i t a t e s  may a l s o  c log  f i s h  g i l l s  

and smother eggs and l a r v a e  of aqua t i c  animals. 

Copper, another  e f f l u e n t  from power p l a n t s  and g a s i f i c a t i o n  processes,  

i s  found i n  many s u r f a c e  waters .  I n  small  amounts it  is  b e n e f i c i a l  t o  'humans 

and water  b i o t a ,  but  l a r g e  doses may a f f e c t  water  t a s t e ,  and high prolonged 

doses of copper may cause l i v e r  damage i n  humans. It presents  a p o t e n t i a l  

danger t o  high-trophic-level b i o t a ,  because i t  concentrates through food 

chains .  It is t o x i c  t o  humans only i n  .very high concentra t ions .  A t  lower 

l e v e l s ,  i t  a f f e c t s  t a s t e ,  gives a milky appearance t o  water ,  and causes 

greasy su r face  f i l m  t o  develop. 

Z i n ~  reac t6  synerg l . s t i ca l ly  with copper t o  inc rease  copper t o x i c i t y .  

It is most t o x i c  t o  aqua t i c  v e r t e b r a t e s ,  forming an inso lub le  compound through 

combination wi th  mucous, which damages f i s h  g i l l s .  Low l e v e l s  of z inc  a r e  

found in e f f l u e n t s  from c o a l - u t i l i z a t i o n  f a c i l i t i e s .  

Mercury, l e a d ,  chromium, and cadmium, cyanide, and phenols a r e  a l l  . .  

highly  tox ic  t o  humans and aqua t i c  b i o t a ,  wi th  acu te  and chronic e f f e c t s ,  

and a l l  concentra te  through food chains.  They a f f e c t  the  cardiovascular ,  

nervous,  and excre tory  systems and have p o t e n t i a l  carcinogenic and t e ra togen ic  

e f f e c t s .  Primary sources f o r  environmental concentrat ions of a l l  t hese  sub- 

s t ances  a r e  human a c t i v i t i e s ,  including coal  mining, puwer generat ion,  and 

coa l  g a s i f i c a t i o n .  

Impacts of p o l l u t a n t  loadings on q u a l i t y  of s tream water  a r e  area- 

s p e c i f i c ,  depending on t h e  n a t u r e  and ex ten t  of p o l l u t a n t  a s  we l l  a s  the  

quality and hydrologfc c h a r a c t e r i s t i c s  of t h e  rece iv ing water .  

Discharge of water  heat  is  another  main category of p o l i u t a n t s  r e s u l t i n g  

from coal - re la ted  energy f a c i l i t i e s .  Etfldf2nr: gu ide l lues ,  e d o d i e d  f o r  t h c  

most p a r t  i n  P .L. 92-500, t h e  Federal Water Po l lu t ion  Control Act Amendment 

of 1972, r e s t r i c t  discharge of heated e f f l u e n t s  t o  t h e  aqua t i c  environment. 

To evaluate  the  impacts of thermal discharges beyond t h e  yea r  2000, use of 

closed-cycle cool ing ,  such as mechanical-draft and na tu ra l -d ra f t  towers, o r  

cool ing  ponds, o r  both ,  is assumed f o r  coal  f a c i l i t i e s ,  with no discharged 

heated e f f l u e n t s  warmer than EPA standards e s t ab l i shed  f o r  maintenance of  

propagation and p ro tec t ion  f o r  a balanced, indigeneous populat ion of s h e l l -  

f i s h ,  f i s h ,  and w i l d l i f e  i n  o r  on the  rece iv ing water  body. 



6.5 IMPACTS OE' WATER USES AND POLLUTANT LOADING 

Three r i v e r s  i n  I l l i n o i s ,  t h e  I l l i n o i s ,  Rock,and Kaskaskia,  were chosen 

as sample a r e a s  f o r  eva lua t ing  t h e  impacts on t h e  wa te r  r e sou rces  of t h e  pro- 

j e c t e d  2020 b a s e l i n e  and ~ i ~ h  Coal U s e  s c e n a r i o s  f o r  2020. 

, Some water -qua l i ty  impacts of  coa l  developments n o t  q u a n t i f i e d  i n  t h i s  

s tudy  are: (1) d e g r a d a t i o n  of surface-water  q u a l i t y  by sediment ,  a c i d s ,  and 

heavy metals c a r r i e d  i n t o  streams by coal-mine dra inage  and runof f ;  and (2) 

degrada t ion  of  ground water by w a t e r  p e r c o l a t i o n  through mined a r e a s ,  s p o i l  

p i l e s ,  and waste-disposal  sites. These p o t e n t i a l  impacts . are, d i scussed  b r i e f l y  

i n  Sec t ions  6.5.3 and 6.5.4. 

6.5. I I m p a c t s  of Water Use  

Impacts of water u s e  of energy developments i n  2020 were eva lua t ed  t o  

inc lude  competing wa te r  u se r s .  . Data on t h e  ,p ro j  e c t e d  withdrawal  ' u se s  by 2020 

f o r  municipal ,  i n d u s t r i a l ,  a g r i c u l t u r a l ,  mining, and ins t ream uses  f o r  hydro- 

power, commercial nav iga t ion ,  r e c r e a t i o n ,  f i s h  and w i l d l i f e ,  and wa te r -qua l i t y  

management were obta ined  from t h e  Upper M i s s i s s i p p i  Framework Study. F a c t o r s  

w e r e  a p p l i e d  t o  estimate consumption f r a c t i o n s  from t o t a l  withdrawal  uses .  

These r e s u l t s  are shown i n  Table 6.3, which a l s o  shows water a v a i l a b i l i t y  i n  

terms of 7-day/lO-year low flow, median flow, y i e l d s  from p r o j e c t e d  and e x i s -  

t i n g  l a k e s  and r e s e r v o i r s ,  and y i e l d s  from ground water. 

I 11 ino  is River  

The I l l i l ~ o i s  is  t h e  f a r g e s t  t r i b u t a r y  of t h e  M i s s i s s i p p i  above t h e  mouth 

of t h e  Missouri ;  i t  has  a median flow of 15,480 c f s  and 7-day/lO-year low f low 

of  3600 c f s .  Minimum p o t e n t i a l  a v a i l a b l e  ground water ,  inc luding  t h a t  now 

be ing  used, i s  5750 c f s .  The y i e l d  from l a k e s  and r e s e r v o i r s  i n  t h e  b a s i n  is 

3232 c f s ,  about  2000 c f s  of  which i s  through d i v e r s i o n  from Lake M i ~ h i g a n . ~ , '  

By t h e  y e a r  2020, t o t a l  wa te r  consumption by withdrawal. u s e r s  i n  the 

b a s i n  is expected t o  b e  3166 c f s  under t h e  High Coal U s e  Scenar io ,  and 29'24 

c f s  under t h e  Base l ine  Scenar io .  The primary consumers w i l l  b e  i n d u s t r i a l  

u s e r s ,  which account f o r  about 1210 c f s ,  o r  more than  a t h i r d  of t h e  pro- 

j ec t ed  t o t a l  use .  R e s i d e n t i a l ,  commercial, a g r i c u l t u r a l ,  and mining u s e r s ,  

t o g e t h e r ,  account f o r  1117 c f s .  The p r o j e c t e d  energy developments c a l l  f o r  



Table 6.3. Summary o f  Water A v a i l a b i l i t y  and Requirements ( c f s )  
f o r  Energy Developments in 2020. and Competing Users 

Users I l l i n o i s  Rock . Kaskaskia 

Consumptions by Withdrawal Uses , I  

Municipal and 1ndus tr iala 697.5 93.0 40.3 
I n d u s t r i a l  ( s e l f  -supplied)  a 1210.5 85.3 162.8 
A g r i c u l t u r a l  

Rural Domestic 
Livestock 
I r r i g a t i o n  

~ ~ n h ~ ~  23.3 3.1 6.2 
Energy Developmaat (pnwer b 
genera t ion  and c o a l  conveysion) 

High Coal Use Scenario 815 202 
Baseline Scenar io  5 73 202 

To ta l  - High Coal U s e  Scenario 3166.4 1439.0 689.9 
- Base l ine  Scenario 2924.4 1439 .O 689.9 

a I n s  tream Uses 
' , 

Hydropower 9 366 14210 0 
Commercial Navagation 3140 0 337 
Heereation, aid Fish  and 
W i l d l i f e  10680' 3452 542 
Water Quality Management 510 1594 2 5 

Water A v a i l a b i l i t y  

S t r e a m  Flow 

7-dayll0-yraLow  low' 3600 1440 120 
Median Flow 21870 4 300 1460 

Lakes - Reservoi rs  
d 

Ground water" 

a 
Est imated from d a t a  given in 8 e f .  7. 

b Estimated from s i t i n g  development p ro jec t ed  in Sec. 4.0; a l s o  see T a l e  6.1. 
C 

From Table D-1, Appendix D. 

d ~ r o m  Ref. 8. 
e 

Inc ludes  2000 cf  s through d ive r s ion  from Lake Michigan. 



power p l a n t s  a t  64,600 MW under the  High Coal U s e  Scenario and 42,500 MW under 

the  Baseline Scenario; these  p lan t s  w i l l  consume 815 and 573 c f s ,  r e spec t ive ly ,  

together l e s s  than 26% of t h e  projected t o t a l  consumption i n  the  basin.  

The data  i n  Table 6.3 show t h a t ,  apa r t  from in-stream requirements, t h e  

water supply w i l l  be s u f f i c i e n t  t o  support t h e  projec ted  2020 energy develop- 

ment. The estimated water demand w i l l  r equ i re  less than 4% of t h e  median flow 

i n  the  r i v e r .  During extreme low flow, however, t h e  demand by energy develop- 

ment could rise t o  16% of t h e  7-day/lO-year low. flow. 

For the  I l l i n o i s  River bas in ,  c o n f l i c t s  i n  water  use may a r i s e  between 

withdrawal users  and instream users .  The projec ted  rec rea t ion ,  boating t r a f f i c ,  

and f i s h  and w i l d l i f e  maintenance ind ica te  a need of 10,680 c f s  o r  more on the  

I l l i n o i s  River by 2020. A minimum of 6500 c f s  is  now needed f o r  in-stream 

uses i n  the  bas in ,  and i t  has been est imated t h a t  a t  l e a s t  25% of t h e  t i m e  

these  needs w i l l  not  be s a t i s f i e d .  Furthermore, f u t u r e  demands of both 

withdrawal and instream uses w i l l  increase .  

Rock River 

The ~ o c k  River begins i n  southeastern Wisconsin, flows i n  a genera l ly  

southwestern d i r e c t i o n ,  and dra ins  i n t o  t h e  Miss iss ippi  below Rock I s l and ,  

I l l i n o i s .  The t o t a l  drainage a rea  of the  r i v e r  bas in  is  10,710 square m i l e s .  

The a v a i l a b l e  su r face  water is  about 4300 c f s  a t  median flow, and about 

1480 c f s  a t  7 - d a ~ / l O - ~ e a r  low flow. The minimum p o t e n t i a l  a v a i l a b l e  ground 

water ,  including t h a t  now being used, is 3500 c f s .  Sustained y i e l d s  can be 

expected t o  be g rea te r .  7 

The projec ted  t o t a l  consumption by 2020, including t h a t  by energy and 

nonenergy sources,  is about 1434 c f s .  The primary consumers a r e  a g r i c u l t u r a l  

u s e r s ,  who account f o r  73.5% of t h e  projec ted  t o t a l  uses.  More than h a l f  of 

ag r icu l tu ra1 ,wa te r  uses a r e  (and w i l l  be) dependent on the  ground-water 

sources.  7 

The plan f o r  2020 energy development, f o r  both Baseline and High Coal 

Use Scenarios,  includes const ruct ion of s i x  power p l a n t s  i n  the  Rock River 

bas in .  These p lan t s  w i l l  consume about 202 c f s  of water ,  equivalent  t o  about 

14% of t h e  projec ted  t o t a l  consumptive use. The water demands f o r  t h e  power 

p l a n t s  a r e  less than 14% of the  7-day/10-year low flow and about 5% of t h e  median 

flow in the  Rock River. 



  low rates a l o n e  i n d i c a t e  t h a t  t h e  water  supply  i n  t h e  b a s i n  w i l l  m e e t  

t h e  requirements  of t h e  energy development i n  2020. , A s  w i t h  t h e  I l l i n o i s  

River ,  use  c o n f l i c t s  between t h e  withdrawal u s e r s  and in s t r eam u s e r s  e x i s t  

i n  t h e  Rock River Basin. Inc reas ing  demands by t h e  withdrawal  u s e r s  i n  t h e  

f u t u r e  w i l l  f u r t h e r  d e p l e t e  t h e  a v a i l a b l e  water  f o r  ins t ream use r s .  

Kaskaskia River 

The Kaskaskia River r i s e s  i n  c e n t r a l  I l l i n o i s  and f lows southwest t o  

i t s  conf luence  w i t h  t h e  M i s s i s s i p p i  8  m i l e s  n o r t h  of Chester ,  I l l i n o i s .  The 

b a s i n  has a d ra inage  area of  5840 square  mi les .  The t o t a l  a v a i l a b l e  o r  de- 

pendable s u r f a c e  water  supply,  i n  terms of 7-day/lO-year low flow, is  120 cf s. 

The median runoff  i s  about  1460 c f s .  The amount of ground water  i n  t h e  

b a s i n  i s  small ;  t h e  a v a i l a b i l i t y  v a r i e s  from one l o c a t i o n  t o  ano the r  because 

of t h e  gene ra l  l a c k  of un i formi ty  i n  t h e  d i s t r i b u t i o n  of water -y ie ld ing  

a q u i f e r s .  The minimum p o t e n t i a l  a v a i l a b l e  ground water ,  i nc lud ing  t h a t  now 

be ing  used, i s  e s t ima ted  a t  428 c f s .  Y ie lds  from l a k e s  and r e s e r v o i r s  i n  

t h e  b a s i n  amount t o  about  193 c f  s. 7 9  

Consumption by withdrawal u s e r s  is  expected t o  be  about  700 c f s  i n  t h e  

year  2020. A g r i c u l t u r a l  and i n d u s t r i a l  u s e r s ,  combined, w i l l  r e q u i r e  600 

c f s ,  o r  85% of  t h e  p ro j ec t ed  t o t a l  demand. The 'p ro j ec t ed  energy developments 

by 2020, i nc lud ing  one power p l a n t  and two g a s i f i c a t i o n  p l a n t s ,  w i l l  r e q u i r e  

about  45 c f s  of  water ,  o r  l e s s  t han  7% of t h e  p ro j ec t ed  t o t a l  demand. 

The d a t a  i n  Table 6.3 show t h a t  water  supply i n  t h e  Kaskaskia River  

b a s i n  w i l l  b e  a  problem because of h igh  demand and low a v a i l a b i l i t y .  During 

t h e  low-f low per iod  t h e  p ro j ec t ed  t o t a l  water  consumption w i l l '  'be ab6ut  94X 

of a v a i l a b l e  s u p p l i e s  from a l l  known sources  i n  t h e  bas in ,  i nc lud ing  n a t u r a l  

stream flow, l a k e s  and r e s e r v o i r s ,  and ground wa te r .  Obviously, s e r i o u s  

c o n f l i c t s  can a r i s e  among d i f f e r e n t  u s e r s .  

The c o n f l i c t s  may be  reduced somewhat by i n c r e a s i n g  u s e  of ground water ,  

impor t ing  of s u r f a c e  water  from o t h e r  b a s i n s ,  manipula t ion  of n a t u r a l  f low by 

e x i s t i n g  r e s e r v o i r s ,  o r  b u i l d i n g  new r e s e r v o i r s  t o  ensu re  a  cons t an t  and de- 

pendable water  s u ~ ~ l ~ .  O r ,  it may be r equ i r ed  t h a t  energy product ion  u s k g  

less wa te r  o r  a l t e r n a t i v e  s i t i n g  p a t t e r n s  b e  developed f o r  t h e  Kaskaskia River  

b a s i n .  



6.5.2 Impacts on Water Qua2itz.j 

Impacts on the  water q u a l i t y  of t h e  I l l i n o i s ,  Kaskaskia, and Rock 

r i v e r s  in I l l i n o i s  were evaluated f o r  t h e  projec ted  coal  u t i l i z a t i o n  f o r  

2020. The impacts a r e  represented by t h e  increments i n  p o l l u t a n t  concentra- 

t i o n  due t o  waste discharges from coal-burning power-generation p l a n t s  and 

coal -gas i f ica t ion  f a c i l i t i e s .  Simple ma te r i a l  balances were performed t o  in-  

corpora te  the  po l lu tan t  loadings and stream flow of each r i v e r  reach t o  ca l -  

c u l a t e  concentrat ion increments. The 7-day/lO-year low flow was used t o  

provide a worst-case s i t u a t i o n  i n  which e f f l u e n t  loading would be l e a s t  

d i l u t e d .  It was assumed f o r  t h i s  s tudy t h a t :  (1) e f f e c t i v e  c o n t r o l s  a r e  

used a t  each p l a n t ;  (2) added BOD loading w i l l  be oxidized wi th in  two r i v e r  

reaches (40-80 miles long) ;  and (3)  o t h e r  p o l l u t a n t s ,  inc luding Zn, Fe, Cu, 

C r ,  Cd, TSS, s u l f a t e ,  cyanide, th iocyanate ,  phenols, ch lo r ides ,  and ammonia, 

a r e  conservative.  

Table 6.4 summarizes, background water  q u a l i t y  and the  p ro jec ted  con- 

c e n t r a t i o n  increments due t o  coal  developments. i n  2020. Resul ts  f o r  t h e  

b a s e l i n e  scenario and the  High Coal Use Scenario a r e  included. 

I l l i n o i s  River 

The major por t ion  of t h e  upper 1 l l i n o i s . R i v e r  system above t h e  Kankakee 

Rlver has been used heavi ly  by man f o r  .the d i sposa l  of wastes.  The r i v e r  . 

water  genera l ly  has severe  po l lu t ion  i n  the  form of i n d u s t r i a l  and municipal 

wastes: s o l i d  f e c a l  ma te r i a l ,  o i l  and grease ,  de tergent  foam, s ludge and 

odors ,  and b a c t e r i a  of f e c a l  o r i g i n .  The r i v e r  water  i n  t h i s  a r e a  i s  gene- 

r a l l y  Llgh In  ch lo r ide ,  phosphate, and n i t rogen ;  low i n  d issolved oxygen con- 

t e n t ;  and extremely high i n  col i form counts. Long reaches of t h e  stream a r e  

devoid of f i s h ,  and various t o x i c  metals have been detec ted .  

Downstream from the  mouth of t h e  Kankakee River,  t h e  wa te , r .qua l f ty .o f  t h e  

I l l i n o i s  River is  extremely v a r i a b l e ,  depending on flow c o n d i t i o n s ,  proximity 

t o  populated a r e a s ,  and o t h e r  f a c t o r s .  I n  genera l ,  t h e  r i v e r  has  recovered 

some of its q u a l i t y ;  'rough f i s h  have begun t o  appear, followed by. some s p o r t  

spec ies  i n  success ive  s e c t o r s  downstream. 

The e n t i r e  I l l i n o i s  River has been c l a s s i f i e d  f o r  a q u a t i c , l i f e  use,  a s  

w e l l  a s  for agrir.111 tural, i n d u s t r i a l ,  food processing,  pub l i c  water  sup.ply , and 



primary-contact uses.  The I l l i n o i s  s tandards f o r  water q u a l i t y  app l i cab le  f o r  

p u b l i c  w a t e r  supply,  t h e  most s t r i n g e n t  s tandards ,  a r e  tabula ted  i n  Table D-2. 

Data on water  q u a l i t y  obtained from STORET i n d i c a t e  t h a t  mean values f o r  

i r o n ,  copper, and phenols exceed t h e  300, 20, and 10  pg/ l  s tandards  f o r  t h e  

e n t i r e  I l l i n o i s  River. Mean values f o r  ammonia, cyanide, and chromium v i o l a t e  

t h e  s tandards ,  1 .5 ,  0.01, and 50 rng/l, r e spec t ive ly ,  f o r  p a r t s  of t h e  r i v e r ,  

p a r t i c u l a r l y  t h e  upper and middle reaches. The STORET da ta  (not  given i n  

Table 6.4) a l s o  i n d i c a t e  v i o l a t i o n  of s tandards i n  the  maximum readings of 

ammonia, d issolved s o l i d s ,  Hy, Cu, Zn, Cd, and C r ,  and t h e  minimum value  of 

DO f o r  t h e  e n t i r e  length  (or  p a r t )  of t h e  I l l i n o i s  River. 

The. 2,020 Basel ine Scenario includes conu.L~ uction of el,cvan coal.-hiln ing 

thermal e l e c t r i c  power p l a n t s ,  on the  I l l i n o i s  River and i t s  t r i b u t a r i e s .  

The 2020 High Coal U s e  Scenario includes four  more of these  p l a n t s  s i d l a r y  - 

l oca ted .  

Data i n  Table 6.4 i n d i c a t e  a  r e l a t i v e l y  i n s i g n i f i c a n t  impact of coal 

developments i n  2020 on t h e  water q u a l i t y  of t h e  I l l i n o i s  River. This low 

impact is  due maix~ly t o  r e l a t i v e l y  high stream flow, with consequent high- 

d i l u t i o n  e f f e c t  on the  r i v e r ,  and low p o l l u t a n t  loadings from power p l a n t s .  

For both t h e  Basel ine and the  High Coal Use scenar ios ,  t h e  est imated 

increments of p o l l u t a n t  concentra t ions ,  except f o r  chromium, are only a small 

percentage of background coircen~rat lui is .  Thuo, acsessmpn.t.s i n d i c a t e  t h a t  

e f f l u e n t  discharges from these  f u t u r e  power p l a n t s  would probably no t  cause 

v a r i a t i o n s  i n  the  s t a t u s  of s tandards v i o l a t i o n s .  

For both scenar ios ,  chromium w i l l  i nc rease  by 0.4-1.8 mg/l during low 

flow. Although t h i s  increment equals  o r  exceeds backg i~und  l c v e l e  f o r  al.1 

reaches except Reach 3 ,  i t  is s t i l l  not  high enoiigh t o  v i o l a t e  the  50 mg/l 

s tandard .  The present  chromium l e v e l s  on Reach 3 exceed the  standard.  This 

v i o l a t i o n  w i l l  probably remain a f t e r  2020 development i f  o t h e r  condi t ions  s t a y  
\ .  

unchanged. 

Rock River 

The Rock River i n  I l l i n o i s  has been c l a s s i f i e d  f o r  a q u a t i c - l i f e  use, a s  

w e l l  a s  f o r  a g r i c u l t u r a l ,  i n d u s t r i a l ,  food processing,  publ ic  water  supply,  and 

primary-contact use. Water-quality s tandards a r e  now being v io la ted .  The STORE, 



Table 6.4. Background Water Quality and Impacts of 
2020 Coal Utilization 

Reach .' 

BOD 
B I 

Chloride Sulfate  TSS Cyanide ~ h i o c ~ a n a t e  . , 
B I B I B I B I B I 

I l l i n o i s  River -- Baseline Scenario 

I l l i n o i s  River -- High Coal Use Scenario 

Rock River -- Baseline and High Coal Use Scenario 

Kaskaskia River -- Baseline and High Coal Use Scenarios 



T a b l e  6 . 4 .  (Cont'd) 

Phenols Cadmium Chromium Copper I r o n  Zinc Lead -- .- -- 
Reach B I B I B I B I B I B I B I 

I l l i n o i s  River - -  B a s e l i n e  S c e n a r i o  
6 2 . 5  - 1.62 0.007 0.014 0.39 54.7 0.24 636 , 0 . 2 4  1 3 i . 1  0.30 - 9.01 
5 2.14 - - 0.012 - 0.65 1 0 3 . 3  0.40 722 0.40 47 .9  0.50 - 0.01 

4 2 .76  - 0.018 0.025 0 . 4 3  1 . 2 5  107 .3  0.76 747 0 .76  70.0 0 .96  - 0.02 
3 18 .7  - - 0.02C 130.00 1 .06  - 0.65 988 0.65 - 0.81 - 0.02 
2 2.41 - 2.3 0,OlE 5 .20  0.99 1 6 1 . 0  0.60 1094 0 .60  248.7 0.76 ' 

- 0.02 
1 3 .0  - 0.3a 0.023 - 1.10 3G.8 0.67 1847 0.67 160.0 0 .85  - 0.02 

I l l i n o i s  River -- High Ccal  Use S c e n a r i o  

0. 035 0.014 0 .48  54 .7  . 0 . 2 9  636 
0. O L t  - 0.76 1 0 3 . 3  0.46 722 
0.02: 0 . 4 3  1 . 4 2  107 .3  0 .86  74 7 
0.025 130.00 1 . 3 6  - .  0.83  988 
0.033 5 . 2 0  1 . 7 5  161.C' 1 .06  1094 
0.035 - 1.86  30.8 1 . 1 3  . 1847 

Rolk River -- B a s e l i n e  and High Coal Use s c e n a r i o s  

Kasksskia River  -- B a s e l i n e  and High Coal Use S c e ~ a r i o s  

~ -~ - - 

a ~ n  c o n c e n t r a t i o n s  of  mean background (B) a d  increment due t o  p r o j e c t e d  c ~ a l  u t i l i z a t i o n :  , ( I ) .  



da ta  in Table 6.4 i n d i c a t e  t h a t  mean values ,  of i r o n  and copper exceed t h e i r  . . 
r e spec t ive  s tandards .  Maximum.levels of ammonia, d i s s o l v e d , s o l i d s ,  Fe, Cu, 

Hg, and.phenols  a s  w e l l  a s  the  minimum reading of DO, which a r e  no t  l i s t e d  

i n  the  t a b l e ,  v i o l a t e  s tandards  f o r  p a r t s  o r  t h e  e n t i r e  length  of t h e  r i v e r .  . .  . . 

Untreated wastes from i n d u s t r i a l  and municipal sources a r e  the  major w a s t e  

loads.  The many l ives tock  and the  l a r g e  tonnages o f  app l i ed  f e r t i l i z e r s  a l s o  
: 

degrade water q u a l i t y  in the  basin.  

Both Basel ine and High Coal Use Scenarios inc lude  const ruct ion  of  a coal- 

burning power p l a n t  on the  Rock River. Impacts on water  q u a l i t y  by t h e  waste 

d ischarge  from t h i 5  p lan t  w i l l  be i n s i g n i f i c a n t  owing t o  low p o l l u t a n t  loadings  

and high stream flow. 

Kaskaskia River 

The Kaskaskia River is c l a s s i f i e d  f o r  a q u a t i c - l i f e  use, a s  w e l l  a s . f o r  . . 

a g r i c u l t u r a l  and i n d u s t r i a l  supply, food process ing,  pub l i c  water  supply,  and 

primary contac t  use. Although inputs  from m q i c i p a l i t i e s  and i n p u s t r i e s  a r e  

minor, water  q u a l i t y  problems e x i s t  because of (1,) high n a t u r a l  background . . 
loading;  and (2) runoff and drainage from mine sites,  croplands,  and l i v e s t o c k  

f a c i l i t i e s .  Surface wate.rs a r e  hard t o  very hard,  containing b icarbonates  of 

calcium and magnesium i n  concentrat ions of 16-575 mg/l i n  the  nor thern  p a r t  of  

the  bas in  and 140-365 'mg/l i n  the  southern p a r t .  Concentrations of d issoived 

s o l i d s  a r e  lower during high flow than during low flow -- ranging from 350 t o  

1300 mg/l. N i t r a t e  concentrat ions a t  She lbyv i l l e  and ~ a n d a l i a  exceed t h e  10 

mg/l s tandard  f o r  food processing and pub l i c  water  supply. Maximum c h l o r i d e  

readings exceed t h e  250 mg/l standard during summer a n d ' f a l x  f o r  t h e  upper 40 

m i l e s  of the  r i v e r .  Maximum and mean annual concentra t ions  of mercury and phenols 

exceed the  2.0 yg / l  and 1.0 p g / l  s tandards f o r  t h e  Kaskaskia from ~ h e l b y v i l l e  t o  

the  r i v e r  mouth. t . 

The plan f o r  2020 coal  developments i n  the  r i v e r  bas in  inc ludes  con- 

s t r u c t i o n  of t w o ' g a s i f i c a t i o n  p lan t s  and one power p l a n t .  Resul ts  of impact 

ana lys i s  i n d i c a t e  a pronounced e f f e c t  of t h e s e  f a c i l i t i e s  on t h e  q u a l i t y  of 

the  r i v e r  water.  This impact is due t o  the  low flow volume of t h e  r i v e r  and the  

high e f f l u e n t  loadings  from the  f a c i l i t i e s ,  p a r t i c u l a r l y  the  g a s i f i c a t i o n -  

p l a n t s  .* The most pronounced e f f e c t s  a r e  from cyanide, ammonia, Ph, and Fe; 

*See Sec. 2.0. The New Source Performance Standards f o r  coal  g a s i f i c a t i o n  have 
n o t '  been published. For t h i s  a n a l y s i s ,  approximate loading values f o r  g a s i f  i- 
c a t t o n  f a c i l i t i e s  were used. 



The est imated concentra t ion  increments i n d i c a t e  t h a t ,  during low flow, waste 

d ischarges  from these  p l a n t s  w i l l  cause v i o l a t i o n  of s tandards  f o r  t h e  above 

p o l l u t a n t s .  Discharges from these  p l a n t s  may a l s o  cause problems wi th  o t h e r  

p o l l u t a n t s ,  e .g. ,  Cu, C r ,  Cd, and TSS. 

Although these  l e v e l s  a r e  uncer ta in  because o f ' l a c k  of d a t a  f o r  e f f l u e n t  

s tandards  f o r  g a s i f i c a t i o n  f a c i l i t i e s ,  t h e  est imated impacts show t h e  impor- 

t ance  of f u r t h e r  ana lys i s  t o  i d e n t i f y  the  a c t u a l  magnitude. 
' 

6.5.3 PoZ~ution of Surface Water by  Coal Mining 

Water p o l l u t i o n  from coal  mining has been s tud ied  extens ively  f o r  the  

e a s t e r n  U . S .  m d  r r l aL ivc ly  lcoo for the rest of the  country. Mklilxg d i s t u r b s  

t h e  e a r t h  and the  balance of n a t u r a l  systems. The r e s u l t i n g  physica l  and 

chemical environmental changes o f t e n  l ead  t o  water  pollu ' t ion.  ' Two major forms 

of  water  p o l l u t i o n . a r e  caused by mining -- 'physical  and chemical. Physica l  

p o l l u t i o n  is the  Increased eros ion caused by land d i s t u r b a n c e , ~ r e s u l t L ~ g  in 

increased sediment load.  Chemical p o l l u t i o n  i s  caused by exposure of minerals  

t o  oxidat ion  o r  leaching,  wi th  r e s u l t i n g  undes i rable  concentra t ions  of d issolved 

materials. 
i - 

P o l l u t a n t s  from mine s i t e s  can be c a r r i e d  o f f  i n  runoff o r  mine drainage. 

P o l l u t a n t  concentra t ions  t h a t  most f r equen t ly  exceed acceptabie  levels ia 

waste water  from coa l  production f a c i l i t i e s  a r e :  a c i d i t y ,  t o t a l  Pr  , i i s s o l v c d  

Fe, m, Al, N i ,  Zn, S r ,  f l u o r i d e ,  s d f a t e S ,  ammulrla, t o t a l  d i c ~ o l v ~ r l  s o l i d s ,  

and t o t a l  suspended s o l i d s .  9 

A recent  EPA r epor t  i n d i c a t e s  t h a t ,  from a t o t a l  of 3000 a c t i v e  and 

abandoned mines in I l l i n o i s ,  an average o i  24,000 I b s  u1 ac id  ( i n  tern.5 nf  

CaCo3) a r e  generated atld dfsc l~arged i n t o  streams. da. i .1~.  Sediment loading 

w a s  est imated a t  8700 tonslday from a t o t a l  of 230,000 ac res  of s u r f a c e  

mines i n  I l l i n o i s .  1 0  

Chemical c h a r a c t e r i s t i c s  of raw-mine drainage a r e  determined by l o c a l  

and reg iona l  geology of coa l  and associated.overburden.  The q u a l i t y  of raw, 

mine drainage ranges irom severely pol lu ted  to tha.t f p r  dr inking water .  De- 

pending upon the  s p e c i f i c  hydrologica l  condi t ion ,  dra inage  from a mine can 

vary from zero t o  mi l l ions  of ga l lons  per  day wi th in  a geographic a r e a  o r  coa l  

f i e l d ,  o r  even between adjacent  mines. .. . 



Pol lu tan t s  from coal  mines can genera l ly  be categorized a s  a c i d  o r  

ferruginous drainage and a l k a l i n e  drainage,  which i n  tu rn  r e f l e c t  l o c a l  o r  

regional  c o a l  and overburden condit ions.  Alkaline drainage,  most common i n  

the  Western coal  f i e l d s ,  general ly has t o t a l  dissolved s o l i d s  and suspended 

s o l i d s  above acceptable l e v e l s .  Acid o r  ferruginous drainage, t y p i c a l l y  found 

in the  Appalachian and Eastern I n t e r i o r  Coal Regions, has high concentrat ions 

. of a l l  of t h e  c r i t i c a l  po l lu tan t s .  

Apart from chemical p o l l u t a n t s ,  t h e  next most se r ious  problem from 

po l lu tan t s  due to  mining opera t ion is increased sedimentation. Sever i ty  of 

sediment pollution' is determined by l o c a l  r a i n f a l l  c h a r a c t e r i s t i c s ,  topography, 

s o i l ,  and erosion-control p rac t i ces .  

From a v a i l a b l e  h i s t o r i c a l  da ta  obtained- i n  the  pas t  decade on q u a l i t y '  of 

waste water from coal  mines, EPA es t a b l i i h e d  waste. c h a r a c t e r i s  t i c s  f o r  t h i r -  

teen po l lu tan t s  f o r  both a c i d  and a l k a l i n e  drainage from underground and sur-  

f ace  mines. 9 

The EPA study concluded t h a t  methods have been developed t o  aba te  

po l lu t ion  by mining waste water a t  reasonable cos t s .  Methods include neutra-  

l i z a t i o n  of a c i d i t y ,  with' concurrent reduction of o t h e r  p o l l u t a n t s  t o  s a f e  

concentrat ions;  and use of s e t t l i n g  bas ins  and coagulants t o  remove excess ive  

t o t a l  suspended s o l i d s .  Acidity can usual ly  be neu t ra l i zed  with l i m e ;  

t he  n e u t r a l i z a t i o n  is  followed by ae ra t ion  and sedimentation. Other neutra-  

l i z a t i o n  reagents occasionally used include limestone, c a u s t i c  soda, soda ash ,  

and anhydrous ammonia. Neutra l iza t ion o f ,  and subsequent s e t t l i n g  treatment o f ,  

mine drainage can remove i r o n ,  manganese, aluminum, n i c k e l ,  z inc ,  and t o t a l  

suspended s o l i d s .  
, . 

Control of water po l lu t ion  from coal  mines requires  t h a t  the  water1 

treatment methods be used i n  conjunction with e f f e c t i v e  mining, regrading,  

water dfvers ion,  eros ion con t ro l ,  s o i l  supplementation, and revegeta t ion 

techniques. 

Coal producClorl has been included i n  poiat-source ca tegor ies  and is 

cur ren t ly  regula ted  by federa l  and s t a t e  environmental conservation agencies.  

Waste discharges from these  operat ions a r e  control led  v i a  NPDES (National  

i Pol lu t ion  Discharge Elimination System) permits t h a t  spec i fy  permiss ib le  

quan t i ty  and q u a l i t y  of t h e  eIIluellL Irom a s p e c i f i c  opera t ion.  



Furthermore, mining companies a r e  r equ i red  t o  monitor t h e i r  e f f l u e n t s  

t o  ensure  compliance. These requirements a r e  expected t o  s i g n i f i c a n t l y  re- 

duce d i r e c t  waste discharges t o  s u r f a c e  water from a c t i v e  mines. 

Table 6.5 l i s ts  t h e  New Source Performance Standards, f o r  coal-mining 

opera t ions ,  recommended by EPA. 

6 . 5 . 4  Ground-Water PoZZution by Waste ~ i s p o s a z  

P o l l u t a n t  discharges from conversion f a c i l i t i e s  t o  s u r f a c e  waters  can 

be  minimized by extens ive  reuse  of water  i n  these  p l a n t s  and evaporat ion of 

waste water i n  ponds. However, designing a p l a n t  t o  e l imina te  a l l  e f f l u e n t  

discharges would not  n e c e s s a r i l y  e l imina te  p o t e n t i a l  impacts on wat t2  qua l i ty .  

A l l  t he  ma te r i a l  t h a t  would normally be c a r r i e d  o f f  i n  the  e f f l u e n t  would 

s t i l l  need t o  be disposed of i n  o the r  ways. One method, which may be chosen 

by many p l a n t s ,  is t o  bury the  r e s i d u a l s ,  poss ib ly .  at  t h e  mine site.  . The 

procedure is e f f e c t i v e  i n  a reas  where the ground-water l e v e l  is  deep and rain- 

f a l l  spa r se ,  but  i t  could p o l l u t e  ground water  where coa l  seams, through which 

contaminants could l e a k ,  compose p a r t s  of l o c a l  aqu i fe r s .  L i t t l e  information 

is  a v a i l a b l e  on the  mechanism, o r  the  n a t u r e  and e x t e n t ,  of ground-water 

p o l l u t i o n  by waste d i s p o s a l ,  and more research  i s  needed. 

I n  add i t ion ,  research is required t o  eva lua te  the  e f fec t iveness ,  arid 

t o  improve the  c a p a b i l i t y  o f ,  holding ponds t o  evaporate waste water  i n  pre- 

vent ing  the d ischarge  of e f f l u e n t  t o  surface watere,  This research should 

i nc lude  studying the  p o t e n t i a l  f o r ,  and prevention o f ,  ground-water p o l l u t i o n  

by the  downward pe rco la t ion  of the  waste water  i n  these  ponds. Among per- 

t i n e n t  f a c t o r s  a r e :  the  e f f e c t  of pond locaeidns  relaCive t o  a q u i f e r s ,  in-" 

t e g r i t y  of var ious  l i n i n g s ,  and f a t e  and t r anspor t  of p o l l u t a n t s  through sub- 

s u r f a c e  s t r u c t u r e s .  



a 
Table 6.5. EPA Recommended.New Source Performance Standards 

Coal Storage,  
Ref .~se  Storage,  . 
and Coal Prep- 

Bituminous, L ign i t e ,  and 
Anthraci te '  Mining 

a r a t i o n  Plant  Acid o r  Ferrugi- Alkal ine Mine 
Anci l la ry  Area nous Mine Drainage Drainage 

30-3ay Daily 3 0-Day Daily ' 30-Day Daily 
Parameter Average Maximum Average Maximum Average Maximum 

PH 6-9 6-9 6-9 6-9 6-9 6-4 

I ron ,  To ta l  3.0 3.5 3.0 3.5 3 .O 3.5 

Dissolved I ron  0.30 0.60 0.30 0.60 

Manganese, To ta l  2.0 4.0 2.0 4.0 

To ta l  Suspended So l ids  35.0 70.0 35.0 70.0 35 .O 70.0 
!-' 

a h, 

A l l  va lues  except pH i n  mgjl. w 

Source: r e f .  9. 
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7 IMPAC?S ON AIR  QUALITY 

. , 

The impact of emissions of a tmospheric  p o l l u t a n t s  from c o a l - u t i l i z a t i o n  

f a c i l i t i e s  on t h e  ambient a i r  q u a l i t y  and rate of  p o l l u t a n t  d e p o s i t i o n . h a s  

been eva lua t ed ,  On t h e  b a s i s  o f  t h i s  eva lua t ion ,  p o s s i b l e  c o n s t r a i n t s  on. 

c o a l  u t i l i z a t i o n  imp0 sed by a i r - q u a l i t y  r e g u l a t i o n s  have been i d e n t i f i e d  . The 

e s t ima te s  of impacts on air q u a l i t y  and d e p o s i t i o n  r a t e s  a r e  a l s o  inpu t s ,  t o  

o t h e r  s e c t i o n s  of t h e  r e p o r t  d e a l i n g  w i t h  eva lua t ion  of r i s k  t o  human h e a l t h  

and n a t u r a l  ecosystems. 

The assessm6nt cons ide r s  impacts .of  both e l e c t r i c a l  gene ra t ion  and gas i -  

f i c a t i o n ;  however, t h e  primary emphasis is on impacts  of e l e c t r i c a l  gene ra t ion  

because emission r a t e s  pe r  u n i t  p l a n t  f o r  t h e  p o l l u t a n t s  considered a r e  much. 

l a r g e r  and t h e r e  a r e  more p l a n t s .  The c a l c u l a t i o n  of ambient concen t r a t ions  

and depos i t i ons  of t r a c e  elements is based on f i r s t - o r d e r  models, t h e  q b j e c t i v e  

being t o  e s t a b l i s h  order-of-magnitude l e v e l s  t h a t  w i l l  i d e n t i f y  p o t e n t i a l  

. problems f o r  f u r t h e r  s tudy .  . . 

7.1 EXISTING AND PROJECTED BACKGROUND CONCENTRATIONS 

The advantages of s i t i n g  a c o a l - u t i l i z a t i o n  f a c i l i t y  i n  a given sub- 

reg ion  a r e  t o  a l a r g e  ex ten t  determined by t h e  e x i s t i n g  a i r  q u a l i t y .  Areas 

t h a t  should be au toma t i ca l ly  excluded a r e  t hose  i n  which c u r r e n t  a i r  pol lu-  

t i o n  exceeds t h e  l o c a l  s t anda rds  o r  is  p ro j ec t ed  t o  exceed them because of  

emissions due t o  economic and i n d u s t r i a l  growth. Fac to r s  taken  i n t o  account  

i n  t h i s  assessment included n o t  only t h e  p re sen t  a i r  q u a l i t y  and emissions,  

bu t  a l s o  p ro j ec t ed  emissions from which f u t u r e  a i r  q u a l i t y  can be  es t imated .  

The r e s u l t  is a des igna t ion  of a r e a s  on accounty-by-county b a s f s  i n , t h e  s i x -  

s t a t e  r eg ion  i n  which an e x i s t i n g  o r  p o t e n t i a l  a i r - q u a l i t y  problem was 'd i s -  . . 

covered. 

7.1.1 A i r  Qual i t y  Mainternnee Areas  

A i r  Qual i ty  Maintenance Areas (AQMAs) have been des igna ted  by t h e  U.S. 

Environmental P r o t e c t i o n  Agency (EPA) t o  i d e n t i f y  a r e a s  i n  which t h e  p o t e n t i a l  

e x i s t s  t o  exceed any Nat iona l  Ambient A i r  Qua l i t y  Standard (NAAQS) by t h e  

year  1985. The de termina t ion  of AQMAs included compi la t ion  of 1970 emissions 

from varj.ous s t a t e  f i l e s ,  S t a t e  Implementation P l a n s  (SIPS),  and t h e  d a t a  



bank of t h e  Nat iona l  Emissions Data System (NEDS) . ' These emissions were 

p ro j ec t ed  t o  1985 by (1)  apply ing  SIP c o n t r o l  s t r a t e g i e s  t o  e x i s t i n g  sou rces ,  

i nc lud ing  t h e  emissions from planned power p l a n t s  t h a t  would come under t h e  

new r e g u l a t i o n s ;  and (2) assuming i n c r e a s e s  i n  propor t ion  t o  Bureau of  Eco- 

nomic Analysis  (BEA) growth i n d i c a t o r s .  A i r  q u a l i t y  f o r  1985 was es t imated  

by us ing  t h e s e  p ro j ec t ed  emissions i n  a model f o r  a tmospheric  d i s p e r s i o n .  

When d a t a  were a v a i l a b l e  f o r  t h e  r eg ions ,  c a l i b r a t e d  models were t h e  p re fe r -  

red7  method. Areas i n  which p r o j e c t i o n s  fbr a  p o l l u t a n t  exceeded NAAQS were 

des igna ted  as AQMAs f o r  t h a t  p ~ l l u t a n t . ~  Addi t iona l ly ,  a few a r e a s  i n  which 

p r o j e c t e d  a i r  q u a l i t y  w a s  n o t  substandard were des igna ted  a s  p a r t  of an  AQMA 

i f  they  shared a common a i r  envelope wi th  areas having poor p ro j ec t ed  a i r  

q u a l i t y .  

It is l o g i c a l  t o  assume t h a t  t h e  des igna t ion  of a n  a r e a  a s  an AQ+.for 

p a r t i c u l a t e s  o r  s u l f u r  d iox ide  would r e s t r i c t  s i t i n g  of a d d i t i o n a l  f a c i l i t i e s  

o t h e r  t h a n . t h o s e  planned through 1985. The des igna ted  AQMAs i n  t h e  s i x - s t a t e  

s tudy  a r e a  are shown i n  Fig.  7.1, a long wi th  o t h e r  des igna ted  a r e a s .  

7.1.2 EPA/SAROAD Data 

I n  coun t i e s  n o t  des igna ted  a s  AQMAs, an  a t tempt  was made t o  a s s e s s  

p r e s e n t  a i r  q u a l i t y  through air-monitor ing d a t a  s t o r e d  on EPA's S torage  and 

R e t r i e v a l  of Aerometric Data (SAROAD) system. Swmnary d a t a  from 1972-i974 

were consul ted ,  and d a t a  from t h e  most r e c e n t  yea r  were used f o r  s i t e s  having 

d a t a  a v a i l a b l e  f o r  more than  one year .  Counties  i n  which d a t a  from a  given 

monitor ing s t a t i o n  were shown t o  be i n  v i o l a t i o n  of t h e  annual  and/or  24-hr 

primary s t a t e  o r  f e d e r a l  s t anda rds  f o r  SOn o r  t o t a l  suspended p a r t i c u l a t e s  

(TSP) were i d e n t i f i e d  a s  r e l a t i v e l y  poor s i t i n g  a r e a s .  A county i n  which 

o n l y  t h e  24-hr secondary s tandard  was v i o l a t e d  was n o t  au toma t i ca l ly  i d e n t i -  

f i e d  as a  poor county, s i n c e  t h i s  v i o l a t i o n  could i n d i c a t e  only a  s i n g l e  bad 

meteoro logica l  c o n d i t i o n  o r ,  perhaps,  a  s i n g l e  p o l l u t a n t  source  near  t h e  

s t a t i o n ,  r a t h e r  than  a  county-wide problem. Locat ions of t h e  coun t i e s  w i t h  

monitor ing s t a t i o n s  i n  which s t anda rds  were v i o l a t e d  (but  n o t  AQMAs) a r e  a l s o  

i n d i c a t e d  i n  Fig.  7.1. 

One d i f f i c u l t y  w i t h  monitor ing d a t a  i s  t h a t  they  g e n e r a l l y  r e p r e s e n t  

a i r  q u a l i t y  a t  only i n d i v i d u a l  s i t e s .  Unless t h e r e  a r e  s e v e r a l  s t a t i o n s  i n  

a  g iven  county, an  adequate  e s t i m a t e  of t h e  a i r  q u a l i t y  of t h e  e n t i r e  county 



MODERATELY HIGH PROJECTED EMISSION DENSITY 

HIGH PROJECTED E~IISSIOB DENSITY 

MONITORED AMBIENT STANDARD VIOLATION 
AQMA DESIGNATION 

r l g .  7.1 County Classifications Based on Existing and Projected 
Emissions and Air Quality 



& not  possible. Nevertheless, a v io la t ion  a t  a given point i n  a county 

probably shows t h a t  t he  background leve ls  throughout t he  county a r e  r e l a t i ve ly  

high. 

A notable r e s u l t  obtained from the SAROAD data fo r  the s ix-s ta te  region 

is t h a t  there  are very few v io la t ions  of SO2 standards a t  the  monitoring sites, 

although many violat ions  of TSP standards occur. Every v io la t ion  of t he  SO2 

standard was at a site where TSP standards had a l so  been violated.  These co- 

incidences ind ica te  t h a t  TSP is an important contaminant i n  constraining s i t i n g  

of coal f a c i l i t i e s  on the  basis  of exis t ing a i r  qual i ty  even though 99% or  

more of flue-gas pkr t icu la tes  can be removed by current technology. 

The EPA Monitoring and A i r  Q~tlllity Trends Report, 1973, revealed a gen- 

e r a l  nationwide decrease i n  measured TSP levels .  This decrease is believed 

t o  represent the  general success of control  measures f o r  par t iculates ;  thus, 

i n  t he  future,  background par t icu la te  leve ls  may be less important i n  con- 

s t r a in ing  coal-ut i l izat ion f a c i l i t i e s  i n  areas  t h a t  are already f a i r l y  well 

developed. Regions i n  which high TSP l eve ls  a r e  caused by na tura l  o r  uncon- 

t r o l l a b l e  sources w i l l  probably continue t o  be questionable f o r  coal-uti l iza- 

t i o n  f a c i l i t i e s .  

7 .1 .3  County Emission Dazsieies and Pmijeo.E;<ons 

Counties tha t  were not part  of an hQMA and contaPrisd nu ~llur~itoring sites 

i n  t he  SARI)AB data bank w e r e  evaluated by examining t h e i r  county-wide emission 

density.  Data on point-source and area-source emissions from the  National 

Emission Data System (NEDS) 1972 f i l e  were compiled for  each county i n  the  

s lx-s ta te  region. The t o t a l  SO2 &d '&I) embsions froan each county were summed 

and divided by the  county area t o  yie ld  an emission density f o r  t he  two pol- 

l u t a n t s  i n  wits of (tons/yr)  / m i .  -Future l eve l s  of par t icu la te  and sulkur 

emission within each county were, according t o  an in i t i a l  esLLnmtc+ aaoumed 

t o  be d i r ec t ly  proportional t o  t he  county population. Popularion s t a t i s t i c u  

by county f o r  1975 and projectione for  th ree  other  years (1985, 2000, and 

2020) were taken from the Census Bureau S t a t i s t i c s  published by t h e  Bureau of 

Budget i n  each state.4 The 1972 emission t o t a l s  were c i t ed  with t h e  1975 

population data and the  emissions f o r  the  other three years projected by mul- 

t i p ly ing  the  1972 emissions t i m e s  the  r a t i o  of t he  population i n  each of t he  

t h ree  years and the  population i n  1975. 



The assumption t h a t  emissions w i l l  i nc rease  i n  proport ion t o  populat ion 

increases  is  a f i r s t - o r d e r  approach t h a t  y i e l d s  r a t h e r  crude and simple es- 

t imates of f u t u r e  emissions. A more r igorous  approach would c o n s i s t  of di-  

v id ing the  emissions i n t o  severa l  source ca tegor ies  and applying more r e a l i s -  

t i c  growth i n d i c a t o r s ,  such as projec ted  manufacturing earnings o r  t o t a l  per- 

sonal  income, t o  t h e  appropr ia te  source category t o  produce p ro jec t ions  of 

emissions i n  each c l a s s .  This method would appear t o  be  an improvement, s i n c e  

c e r t a i n  c l a s s e s  of sources should inc rease  more rap id ly  than o t h e r s ,  depending 

on the  type of growth i n  t h e  individual  count ies .  However, a d i f f i c u l t y  is 

t h a t  using t h e  OBERS projec t ions  of manufacturing earnings ,  personal  income, 

and employment y i e l d s  projec ted  emissions t h a t  by 2020 a r e  f i v e  times those  

of 1975.' Obviously, the  problem here  and t h e  one i n  genera l  wi th  p r o j e c t i n g  

emissions is in determining how much f u t u r e  r egu la t ions  f o r  emission c o n t r o l  

and emission-control technology w i l l  reduce emissions from new sources.  

With present  and projec ted  emission d e n s i t i e s  a v a i l a b l e ,  i t  is  necessary 

t o  determine approximately what d e n s i t i e s  of s u l f u r  and p a r t i c u l a t e  emissions 

w i l l  cause excessive po l lu t ion .  An attempt was made t o  determine these  l e v e l s  

by observing what values of t h e  county-wide emission dens i ty  f o r  SO2 and TSP 

produced a v i o l a t i o n  of s t a t e  o r  f e d e r a l  s tandards  a t  a s i t e  wi th in  t h a t  

county. Of 65 count ies  i n  the  s i x - s t a t e  region i n  which TSP s tandards  w e r e  

v i o l a t e d ,  52% had a TSP emission dens i ty  i n  1975 g r e a t e r  than 20 ( tons /y r ) /  

m i 2  and 75% had a TSP emission dens i ty  g r e a t e r  than (10 tons /yr) /mi2 .  The 

SAROAD da ta  conta ins  very l i t t l e  information f o r  monitoring s i t e s  wi th in  count ies  

t h a t  v i o l a t e  no TSP s tandards .  Therefore,  determining r e p r e s e n t a t i v e  emission 

dens i ty  f o r  a "clean county" was d i f f i c u l t .  Nevertheless,  on the  b a s i s  of 

a v a i l a b l e  da ta ,  count ies  with projec ted  TSP emission d e n s i t i e s  g r e a t e r  than 

20 ( t ~ n s / ~ r ) / m i '  were q u a l i t a t i v e l y  designated a s  having "high" emission den- 

sities and those with these  d e n s i t i e s  .between 10-20 ( tons lyr)mi2 w e r e  de- 

s ignated  a s  having "moderately high" d e n s i t i e s .  

A l l  v i o l a t i o n s  of SO2 standards occurred i n  count ies  t h a t  had TSP vio la-  

t i o n s  o r  were designated a s  p a r t  of an AQMA. Thus, it was assumed unnecessary 

t o  determine a dens i ty  l e v e l  f o r  s u l f u r  dioxide emissions t h a t  would cause 

i o l a t i o n s  of a i r - q u a l i t y  s tandards i n  a county. Nevertheless,  SO2 concentra- 

t i o n s  t h a t  a r e  a s i g n i f i c a n t  f r a c t i o n  of t h e  s tandards  might cons t ra in  s i t i n g  

by providing high background concentrarforis.  The da ta  showed t h a t  SO2 emission 



d e n s i t i e s  above 40 ( t o n ~ / ~ r ) / m i ~  r e s u l t e d  i n  average y e a r l y  SO2 concent ra t ions  

a t  t h e  monitor ing s t a t i o n s  o f  40 - 75 pg/m3; t h e  NAAQS are 80 pg/m3.  Hence, 

t h o s e  c o u n t i e s  n o t  c l a s s i f i e d  as having h igh  o r  moderately h igh  emission 

d e n s i t i e s  on t h e  b a s i s  o f  t h e  previous  c r i t e r i a  f o r  TSP, w e r e  dec l a red  as 

having moderately h igh  emission d e n s i t i e s  i f  they  conta ined  a n  SOz d e n s i t y  

g r e a t e r  than  40 ( t o n s I y r )  / m i 2 .  The r e s u l t s  of apply ing  t h e s e  q u a l i t a t i v e  

d e s c r i p t o r s  are a l s o  i n d i c a t e d  i n  P ig .  ' 7  .l. Designat ion of c o u n t i e s  a s  AQMAs 

o r  as those  wi th  NAAQS v i o l a t i o n s  supersedes .  t h e s e  c r i t e r i a .  

7.1.4 Sensi t ive  GeographicaZ Areas 

'The areas in Flg .  7.1 shaded aooording t n  ~ r a r i n t t s  cri teria i n d i c a t e  

areas having a c u r r e n t  o r  p r o j e c t e d  problem wi th  a i r  q u a l i t y .  Coluparlscui af 

t h e s e  areas w i t h  p ro j ec t ed  s i t i n g  p a t t e r n s  is u s e f u l  i n  des igna t ing  r eg ions  

i n  which t h e  demand f o r  increased  energy product ion  might c o n f l i c t  w i t h  main- 

t enance  of adequa te  a i r  q u a l i t y ,  F igu re  4 .1  in .dicates  a s i t i n g  p a t t e r n  f o r  

t h e  b a s e l i n e  s c e n a r i o  f o r  t h e  y e a r  2020. D i rec t  comparison o f  F ig .  7.1 w i t h  

F ig .  4 .1 i d e n t i f i e s  s e v e r a l  " s e n s i t i v e  a r eas"  i n  t h e  r eg ion  i n  which s i t i n g  

of c u r r e n t  o r  f u t u r e  c o a l  f a c i l i t i e s  is in a r e a s  of poor o r  p o t e r i t i a l l y  poor  

a i r  q u a l i t y .  

m ~ s t  of t h e  s e n s i t i v e  a r e a s  a r e  in I l l i n o i s  and Ohio. These s t a t e s  have many 

r.ountie8 w i t h  c u r r e n t  o r  p ro j ec t ed  a i r - q u a l i t y  problems as well as high pro- 

j e c t e d  energy demand. Most of t h e  s e n s i t i v e  a r e a s  a r e  i n  and around t h e  

l a r g e r  popu la t ion  c e n t e r s ,  from which t h e  problems w i t h  a i r  q u a l i t y  due t o  

energy demand emanate. 

Counties  des igna ted  a s  AqMAs, having v i o l a t i o n s  of s t a n d a r d s  o r  high 

emiss ion  d e n s i t i e s  of SO2 o r  TSP, a r e  n o t  n e c e s s a r i l y  excluded from p o s s i b l e  

s i t i n g .  Where a v i o l a t i o n  of s t anda rds  o r  h i g h  emission d e n s i t y  i n d i c a t e s  

a s i n g l e  s o u r c e  o r  a c l u s t e r  of sources  r a t h e r  than  high el11issi6tlo aczoss tke 

county,  t h e r e  a r e  poss ib ly  s e v e r a l  good s i t e s  i n  t h e  county. 

For  example, coa l - f i r ed  s team e l e c t r i c  p l a n t s  might b e  l o c a t e d  i n  a 

county w i t h  l o c a l i z e d  high emiss ions  o r  con ta in ing  a l o c a l  a i r - q u a l i t y  problem 

i f  ' the  f a c i l i t y  were s i t u a t e d  s o  t h a t  plumes from i t  would have minimal in-  

t e r a c t i o n  w i t h  e x i s t i n g  plumes in t h e  county. 



Fig. 7.2 Areas with Projected Problems of Air-Quality Maintenance 
Coinciding with S i t ing  Areas for Coal F a c i l i t i e s :  2020 
Baseline Scenario 



I n  count ies  i n  which t h e  emission dens i ty  and a i r  q u a l i t y  a r e  f a i r l y  

uniform, the  d ispersed  conf igura t ion  of smal ler  coal  f a c i l i t i e s  would probably 

be  more s u i t a b l e  because of t h e  l o c a l  emissions. Because of t h e  uniform 

background concentra t ion ,  the  s i n g l e  l a r g e  f a c i l i t y  would be more l i k e l y  t o  

produce v i o l a t i o n s  on t h e  l o c a l  l e v e l ,  regardless  of i t s  s i t i n g .  

7.2 ANNUAL AVERAGE IMPACT OF COAL-USE SCENARIOS 
$ 

An extens ive  modeling e f f o r t  was c a r r i e d  out  t o  i d e n t i f y  t h e  annual 

concentra t ion  and deposi t ion  impacts from coal - f i red  power p l a n t s  and g a s i f i -  

c a t i o n  p l a n t s .  * The methods and d e t a i l e d  r e s u l t s  of t h i s  e f f o r t  a r e  , , 

described i n  Appendix E .  Because of t h e  v a r i a b i l i t y . i n  meteorological con- 

d i t i o n s ,  t h i s  e f f o r t  took i n t o  account the  v a r i a t i o n  Pn ImpacLs d diffcrcnt 

p a r t s  of t h e  s i x - s t a t e  region. The determinat'ion of t h e  d ispers ion  p a t t e r n s  

from 71 d i f f e r e n t  subregions wi th in  the  s i x - s t a t e  region was input  t o  cal-  

c u l a t i n g  the  cumulative impacts of the  region 's  scenar io .  I n  add i t ion  t o  

cha rac te r i z ing  impacts on a i r  q u a l i t y  of individual  f a c i l i t i e s ,  t h e  represen- 

t a t i v e  impacts of a c l u s t e r  of  12 f a c i l i t i e s ,  covering an a r e a  of 6 square 

m i l e s ,  were analyzed. The conf igura t ion ,  described i n  Ref. 8 ,  is  shown i n  

Figs.  7.3a-7.X. 

The a n a l y s i s  of annual average impact conta ins  es t imates  of concentra- 

t i o n s  and deposi t ions  of  "regulated" p o l l u t a n t s  such a s  SOn, NOx, p a r t i c u l a t e s ,  

and CQ. a s  we l l  a s  s e v e r a l  t r a c e  elements. Although t h e r e  a r e  rib s c a n d ~ r d s  

f o r  ambient a i r  q u a l i t y  f o r  t r a c e  'elements, t h e  ana lys i s  was c a r r i e d  OUK Lu 

provide a coarse  e s t ima te  of t h e  magnitude of t h e  trace-element problem. 

The impacts on l o c a l  a i r  q u a l i t y  of the  s i x - s t a t e  scenar io  and t h e  

I l l i n o i s  high-coal use scenar io  were determined by appropr ia te  superpos i t ion  

of r e s u l t s  from the  re fe rence  point-source ca lcu la t ions  described p ~ t v i o u s l y ,  

Resul ts  of these  ca lcu la t ions  a r e  shown i n  Figs.  7.3 and 7.4 f o r  SO2 wirh t h e  

countour values f o r  various o t h e r  pol lucants  as given i n  Tabla 7.1.. Table 

7.2 gives t h e  es t imates  of annual deposi t ion  using the  r e s u l t s  i n  Appendix E. 

The contour values are given f o r  t h e  s i t e d  f a c i l i t i e s  a t  60% load 

f a c t o r ,  which produces enough energy on the  average t o  meet t h e  demand given 

i n  Sec. 3 .  A n  evaluat ion  of impacts a t  100% load,  which would produce a 



Fig. 7 . 3  Cumulative Annual Average SOn Concentration and Deposition 
for Baseline Scenario (2020). (a) I l l i n o i s  



Fig.  7,3 (Cont'd) (b) Indiana 



Fig. 7.3 ( ~ o n t  'd) . (c) yichigan 



Fig. 7.3 ' (Cont'd) (d) Miqnesota 



Fig. 7.3 (Conttd) .(e) Ohio ' .  



Fig. 7.3. (Cont'd) (f) Wisconsin 





Table  7.1. P o l l u t a n t  C o n c e n t r a t i o n s  Corresponding t o  
SO2 I s o p l e t h s  i n  F i g s .  7 .3  and 7 .4  

Po l lu tan l :  C o n c e n t r a t i o n ,  pg/m3 
- 

SO2 0.30 

NOx 0.18 

P a r t .  0.03 . 

CO 0 .95(-2)a 

AS 1 . 3 1  (-4) 

B e  3.28 (-6) 

Cd 1.58 (-6) 

F 1 .14  (-3)  

HE 1 .97(-6)  

Pb 2.08 (-4) 

a (-2) d e n o t e s  x e t c .  

Tab le  7 .2 .  P o l l u t a n t  D e p o s i t i o n  Ra tes  Corresponding 
t o  SO2 I s o p l e t h s  fi F i g s .  7 . 3  and 7.4 

- -= - - 
P o l l u t a n t  Depooi t ion Pate, g/m2-year 

a (-4) denutes x etc .  



conse rva t ive  upper bound f o r  t h e s e  subregions  t h a t  may l o c a l l y  have a h ighe r  

l o a d . f a c t o r ,  can be simply obta ined  by mul t ip ly ing  t h e  i n d i c a t e d  r e s u l t s  by 

a f a c t o r  of (100160). 

The l a r g e s t  concen t r a t ions  occur  of  course  i n  t hose  r eg ions  wi th  t h e  

most f a c i l i t i e s .  These concen t r a t ions  a r e  i n  southern  Ohio, where t h e  annual  

SO2 concen t r a t ion  i s  es t imated  t o  exceed 6.0 ig/m3;.  I n  s t a t e s  such a s  Minnesota 

and Wisconsin, where t h e  f a c i l i t i e s  a r e  fewer and more widely spaced, t h e  

cumulat ive e f f e c t s  of t h e  f a c i l i t i e s  are much smal le r .  

F igure  7.4 p r e s e n t s  t h e  cumulat ive impacts of t h e  High Coal U s e  

Scenar io  f o r  I l l i n o i s .  Comparison of t h i s  f i g u r e  w i th  Fig. 7.3a r e v e a l s  t h a t  

t h e  d i s p e r s i o n  p a t t e r n s  a r e  s i m i l a r  bu t  t h e  magnitude of t h e  concen t r a t ions  

a r e  very  d i f f e r e n t .  The concen t r a t ions  f o r  t h i s  s cena r io  are about  twice those  

f o r  t h e  b a s e l i n e  scenario.  

Comparison of  Figs .  7.3a-7.3f w i t h  F ig .  .7.2, which c o n t a i n s  t h e  sens i -  

t i v e  a r e a s  f o r  s i t i n g ,  r e v e a l s  t h a t  t h e  b a s e l i n e  s i t i n g  p a t t e r n  produces maxi- 

mum impacts in many of t h e  s e n s i t i v e  a r e a s .  .This  cond i t i on  r e s u l t s  because 

s i t i n g  c r i t e r i a ,  such as water  a v a i l a b i l i t y ,  coa l  a v a i l a b i l i t y ,  and proximity 

t o  l oad  c e n t e r  t ake  precedence in t h e s e  a r e a s  over  a i r - q u a l i t y  c r i t e r i a .  A 

n o t a b l e  except ion  i s  i n  n o r t h e a s t  Ohio, where most o f  t h e  f a c i l i t i e s  i n  t h i s  

s e n s i t i v e  a r e a  are n u c l e a r  p l a n t s .  

7.3 SHORT-TERM CONCENTRA.TION IMPACTS 

Short-term maximum concen t r a t ions  were es t imated  p r i m a r i l y  from t h e  

r e s u l t s  of a '  GE s tudy.  These r e s u l t s  were a d j u s t e d  f o r  t h e  emissions from 

t h e  s t anda rd  3000-MW e l e c t r i c a l  gene ra t ion  and 250 x l o 6  kcf lday  g a s i f i c a t i o n  

f a c i l i t i e s .  The r e s u l t s  of  t h e  a n a l y s i s  and t h e  methodology employed appear  

i n  Appendix E . 
From t h e  a n a l y s i s ,  we conclude t h a t  only two c o n t r o l l a b l e  f a c t o r s  can  

a l t e r  t h e  ground-level maximum concen t r a t ion  from a power p l a n t .  The f i r s t  

f a c t o r  i s  t h e  a m u n t  of p o l l i ~ t a n t  being m i t t c d  from a s t a c k  t h a t  can be  

minimized by emission-control  devices .  The second f a c t o r  i s  t h e  he igh t  of 

t h e  s t ack .  A t a l l e r  s t a c k  w i l l  tend t o  minimize t h e  occurrences of extremely 

h igh  ground-level concen t r a t ions ,  a l though h igh  concen t r a t ions  might s t i l l  



occur.  However, decreasing the  244 m s t a c k  he igh t  used i n  t h i s  s tudy by 

h a l f ,  122 m, would inc rease  the  est imated short-term maximum concentra t ion  by 

about 50%. 

Meteorological f a c t o r s ,  such a s  atmospheric s t a b i l i t y ,  wind speed, and 

mixing he igh t ,  a l s o  cause wide v a r i a t i o n  i n  short-term ground-level concen- 

t r a t i o n s .  The meteorology of an a r e a  f o r  which s i t i n g  of a power p l a n t  is 

planned should be  c l o s e l y  s tud ied  t o  determine t h e  frequency of occurrences 

of condi t ions  t h a t  produce high ground-level concentra t ions .  Areas i n  which 

such condi t ions  a r e  f requent  a r e  c e r t a i n l y  less d e s i r a b l e  a s  s i t e s  and pro- 

bably r e q u i r e  g r e a t e r  emission c a n r r u l s  Tor a p lan t .  Short-term est imated 

concentrat iorls  of emlssluns from various rnal, t i t i l $za t ion  f a c i l i t i e s  a r c  

compared i n  Sec. 7.5 wi th  NAAQS and PSD regu la t ions .  

7.4  POTENTIAL FOR FORWION OF PHOTOCHENCAL OXIDANTS I N  POWER-PLANT PLUkB" * 

Exposures t o  high l e v e l s  of photochemical oxidants  such as ozone and 

peroxyacetyl  n i t r a t e s  (PAN) have been assoc ia ted  with c e r t a i n  ill e f f e c t s  i n  

humans and var ious  types of f l o r a  and fauna ( see  o the r  sec t ions  of t h i s  

r e p o r t ) .  Coal processes r e l a t e  t o  these  oxidant l e v e l s  and t h e i r  ill e f f e c t s :  

because of t h e  p o s s i b l e  s y n e r g i s t i c  e f f e c t s  of t h e  oxidants  and t h e  primary 

c o a l  process emission;  and because these  emissions may con t r ibu te  t o  the  

chemical and phys ica l  processes leading t o  t h e  production of t h e  oxidants .  

Fnllnwing is a b r i e f  summary of how coal-derived tmissionc may crlntri11uLr , 

t o  increased oxidant  l e v e l s .  

Ozone ( 0 3 ) ,  the  major oxidant  of smog, is  formed when oxygen atoms r e a c t  

wi th  oxygen i n  t h e  presence of a t h i r d  body, M (nitrogen molecule, N2, o r  

another  oxygen molecule, 02) i n  the  reac t ion:  

Once an  oxygen atom is  formed, t h i s  r e a c t i o n  i s  fast . .  Therefore,  t h e  impor- 

t a n t  r e a c t i o n  f o r  production of ozone is t h e  one t h a t  produces oxygen atoms. 

The only r e a c t i o n  of atmospheric p o l l u t a n t s  known t o  genera te  s i g n i f i c a n t  

a m u n t s  of oxygen atoms is t h e  photolys is  of n i t rogen  dioxide (NO2): 

*Adapted from r e f .  9 .  



I n  t h i s  r eac t ion ,  hv is u l t r a v i o l e t  s u n l i g h t ,  and both NO2 and s u n l i g h t  

must be  present  t o  generate ozone. 

This production of ozone is opposed by a removal process,  a l s o  involving 

a n i t rogen  oxide: 

NO + O ,  +NO2 + 02. 

Because of these  opposing reac t ions ,  t h e  amount of ozone t h a t  e x i s t s  depends 

on t h e  r e l a t i v e  concentra t ions  of NO2 and NO. Of t h e  r eac t ions  known t o  b e  

important i n  formation of urban smog; those t h a t  d r i v e  o r  keep t h i s  r a t i o  high 

a r e  r eac t ions  of  t h e  peroxy r a d i c a l ,  

Ron + NO +NO2 + RO, 

where R can be hydrogen o r  some por t ion  of a hydrocarbon molecule. These 

reac t ions  tend t o  inc rease  the  r a t i o  of NO2 t o  NO, i n  opposi t ion t o  t h e  NO2 

photolys is  r eac t ion ,  which converts  NO2 t o  NO (and a l s o  generates oxygen 

atoms). 

Of the  components in the  above reac t ions ,  coa l  processes may con t r ibu te  

s i g n i f i c a n t l y  t o  t h e  concentrat ion of n i t rogen  oxides but  do n o t  e m i t  t h e  

l a r g e  q u a n t i t i e s  of r e a c t i v e  hydrocarbons required t o  inc rease  the  N02/N0 

r a t i o .  Without background concentra t ion  of hydrocarbons, NO emissions may 

dep le te  the  ozone concentrat ions wi th in  t h e  plume. On the  o t h e r  hand, ozone 

inc reases  because of the  NO emissions i f  associa ted  wi th  high hydrocarbon 
X 

l e v e l s ,  which might occur i n  an urban a rea .  Furthermore, f o r  power-plant 

plumes, some mechanism no t  a s soc ia ted  wi th  hydrocarbons might ox id ize  No2 t o  

NO t o  inc rease  the  r a t i o ,  and hence ozone concentrat ions.  Mechanisms i n  which 

ch lo r ine  and s u l f u r  compounds y a r t i c l p a k  have been proposed, b u t  few d a t a  are 

a v a i l a b l e  t o  support  e i t h e r  mechanism. Indeed, experimental f i e l d  da ta  do no t  

conclusively demonstrate t h a t  ozone i s  e i t h e r  produced o r  depleted in power- 

p l a n t  plumes. 

The conclusions t h a t  can be drawn from t h i s  summary a r e  t h a t  the  poten- 

t i a l  f o r  ozone production is enough t o  warrant  f u r t h e r  s tudy t o  de f ine  more 

adequately the  complex reac t ions  between c o n s t i t u e n t s  of t h e  power-plant plume. 

Also of importance is an evaluat ion  of t h e  impact on urban photochemicaL smog 

due t o  n i t rogen  oxide emissions from coa l  processes,  in p a r t i c u l a r  because these  

emissions poss ib ly  become more important due t o  more s t r i n g e n t  s tandards  on 

automobile emissions. 



7.5 CONSTRAINTS ON COAL UTILIZATION RELATED TO AIR-QUALITY STANDARDS 

7.5.1 N a t i o n a l  Ambient A i r  Q u a l i t y  S tandards  (NAAQS) 

Under t h e  Clean A i r  Act of 1970, t h e  USEPA has promulgated a i r - q u a l i t y .  

s tandards  f o r  s i x  po l lu tan t s :  carbon monoxide, n i t rogen dioxide,  p a r t i c u l a t e  

matter, s u l f u r  d ioxide ,  hydrocarbons, and photochemical oxidants .  The emissions 

of hydrocarbons from coal  process a r e  general ly small and thus these  po l lu tan t s  

w e r e  not  considered f u r t h e r .  Some l e v e l s  of ozone have exceeded t h e  24-hr 

s tandard  of 160 pg/m near  power p l a n t s  but  t h e r e  is no conclusive evidence a s  

t o  what ex ten t  these  l e v e l s  a r e  a t t r i b u t a b l e  t o  p l a n t  emissions alone.  

Thc M M Q S  f o r  the, r~majning four pol lu ta t l t s  a r e  given i n  Table 7.3, 

along wi th  es t imates  from previous sec t ions  of t h e  impacts from t h e  3000-MW 

e l e c t r i c  generat ion f a c i l i t y  and t h e  250 x l o 6  scf/day g a s i f i c a t i o n  p l a n t  with 

emissions a s  given i n  Table 2.5 and 2.10 respectively. 

Table 7.3 c l e a r l y  i l l u s t r a t e s  t h a t  t h e  c o a l - u t i l i z a t i o n  f a c i l i t i e s  con- 

s ide red  do no t  con t r ibu te  a s i g n i f i c a n t  f r a c t i o n  of t h e  al lowable annual con- 

cen t ra t ion ;  t h e  l a r g e s t  incremenr is associa ted  with t h c  c lus te red  f a c i l i t i e s  

and con t r ibu tes  l e s s  than 25% of t h e  annual NAAQS. The concentra t ions  f o r  t h e  

High Coal E l e c t r i c  Scenario f o r  I l l i n o i s ,  which is t h e  p laus ib le  upper bound i n  

dens i ty  of coal-conversion f a c i l i t i e s  f o r  any s t a t e ,  cumulatively con t r ibure  

less than 10% of t h e  annual NAAQS i n  any loca t ion .  

On t h e  o the r  hand, t h e  short-term 24-hr standard f o r  SO2 will l i m i t  the 

s i z e  and emission r a t e  of the  e l e c t r i c a l  generat ion f a c i l i t i e s .  The 3000-MW 

f a c i l i t i e s  considered i n  t h i s  s tudy appear t o  represent  t h e  upper l i m i t  on 

p l a n t  s i z e  i f  emissions a r e  a t  the  allowable ~ e w  Source BerTur~~~anca Etandard 

r a t e  of 1.2 l b  so2/106 Btu heat  input .  The maximum concentra t ion es t imates  

a r e  given a s  a range of values because of t h e  u n c e r t a i n t i e s  i n  short-term 

estimates discussed i n  Sec. 7.4. 

Emissions of TSP from e l e c t r i c a l  generat ion f a c i l i t i e s  con t r ibu te  a 

s i g n i f i c a n t l y  smal ler  f r a c t i o n  than do emissions of SO2 t o  t h e i r  r e spec t ive  

24-hr standards.  However, a s  was indicated  i n  Sec. 7.1.2, e x i s t i n g  ambient 

TSP concentrat ions a r e  genera l ly  higher r e l a t i v e  to  standards than a r e  SO2 

concentra t ions ;  hence, ca re fu l  considera t ion mus t ' a l so  be given t o  impacts of 

p a r t i c u l a t e  emissions i n  ass igning p r i o r i t y  t o  f a c i l i t y  s i t i n g .  



Table 7.3. Comparison of NAAQS and Estimated Maximum Concentrations 
from Coal U t i l i z a t i o n  F a c i l i t i e s  

Maximum Concent ra t ion .  pg / s3  

I l l i n o i s  
C l u s t e r  o f  H Y G A S ~  High Coal  

5 p e  o f  Averaging Frequency 1 2  3000-W G a s i f i c a t i o n  S c e n a r i o  
P o l l u t a n t  S t a n d a r d  Time Parameter  NAAQS 3000 MU P l a n t s  250 x 19' s c f f d a y  (2020) 

S u l f u r  d i o x i d e  Pr imary  24 h r  Annual Max 365 250-490 450-900 21-25 -- b 

1 y r  A r i t h .  Mean 80 2.4 1 9  0.2 5 .9  

Secondary 3 h r  Annual Max 1300 380-760 . 690-1360 32-38 -- 
: P a r t i c u l a t e  Primary 24 h r  Annual Max 2 60 21-41 37-74 1.8-2.1 - 

75 0.02 m a t t e r  1 y r  Geom. Mean 0.2 1 .6  0.5 

Secondary 24 h r  Annual Max 1 5 0  21-41 37-.74 
1 y r  Geom. Mean 60 0.2 1.6 

N i t r o g e n  Pr imary /  
d i o x i d e  Secondary 1 y r  A r i t h .  Mean 100 1 .4  11 

Carbon Pr imary  1 h r  Annual Max 40,000 15-30 ' 27-54 
monoxide 

Secondary 8 h r  Annual Max 10,000  10-20 18-35 

'Ranges f o r  s t !or t - te rm c o n c e n t r a t i o n  r e f l e c t  a l t e r n a t e  wind speed  and l o a d  f a c t o r s  a s  in Table  7.7. . 
For t h e  g a s i f i c a t i o n  a l t e r n a t e  v i n d  s p e e d s  a r e  used w i t h  a c o n s t a n t  l o a d  f a c t o r .  

bAnnual rnaxlmums a r e  v a l u e s  n o t  t o  be exceeded more t h a n  once  pe; y e a r .  

'AS a g u i d e  t o  be  used  in a s s e s s - k g  p l v l s  f o r  a c h i e v i n g  t h e  annuak maximum 24-hour s t a n d a r d .  Computed c o n c e n t r a t i o n 8  for 
f a c i l i t i e s  a r e  a r i t h m e t i c  means. 



The e s t i m a t e s  i n  Table 7.3 show s i t i n g  of g a s i f i c a t i o n  f a c i l i t i e s  is 

n o t  t o  any s i g n i f i c a n t  degree consf ra ined  by e x i s t i n g  NAAQS. 

7.5.2 ReguZations for Prevention of Signi f icant  Deterioration 

P o t e n t i a l l y  more c o n s t r a i n i n g  i n  coa l  u t i l i z a t i o n  than  t h e  NAAQS a r e  

t h e  r e g u l a t i o n s  f o r  Prevent ion  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) promulgated 

b y . t h e  USEPA t o  prevent  l a r g e  inc reases  i n  ambient SO2 and p a r t i c u l a t e  con- 

c e n t r a t i o n s  beyond e x i s t i n g  l e v e l s  i n  c e r t a i n  a r e a s ,  even i f  e x i s t i n g  l e v e l s  

are ~ i g n i f i c a n t l y  below NAAQS. These EPA PSD r e g u l a t i o n s  a r e  summarized i n  

Table 7.4. l o  A s  ghown i n  Table 7.4, t h e  EPA r e g u l a t i o n s  would e s t a b l i s h  t h r e e  

c l a s s e s  of a r e a s  w i th  curbs  as fol lows:  

Class I - Areas i n  which p r a c t i c a l l y  any a i r  q u a l i t y  
d e t e r i o r a t i o n  would b e  considered s i g n i f i c a n t ,  
t h u s  a l lowing  l i t t l e  o r  no major energy o r  in-  
d u s t r i a l  development. 

Class  I1 - Areas i n  which d e t e r i o r a t i o n  t h a t  would normally 
accompany moderate, we l l - con t ro l l ed  growth would 
n o t  be considered s i g n i f i c a n t .  

, , Class I11 - Areas i n  which d e t e r i o r a t i o n  would b e  permi t ted  
t o  a l low concent ra ted  o r  very-large '  s c a l e  energy 
o r  i n d u s t r i a l  development, a s  long a s  t h e  n a t i o n a l  
secondary s t anda rds  f o r  ambient a i r  q u a l i t y  a r e  
n o t  exceeded. 

An important  a spec t  of t h e  EPA r e g u l a t i o n s  is  t h a t  a l l  r eg ions  a r e  i n i -  

t i a l l y  des igna ted  as Class 11, s u b j e c t  t o  r edes igna t ion  a s , C l a s s  I o r  Class  

T I 1  by i n i t i a t i v e  a t  t h e  s t a t e  and l o c a l  l e v e l s .  

Table 7.4.. Allowable P o l l u t a n t  Increments 
i ~ n d e r  EPA PSD Regulat ions 

Allowable ~ n c r e m e n t s  ,' pg/m3 
Averaging - 

~ o i l u t  a n t  Time - Class  I Class  I1 Class I11 

SO2 Annual 2 1 5  80 
24-hr Max 5  100 365 

3-hr Max 2 5 7 00 1300 

P a r t i c u l a t e s  Annual ... 5 ' 1 0  7  5  
24-hr Max 1 0  30 150 



Considerable  cont roversy  has  surrounded t h e  i s s u e  of P SD r e g u l a t i o n s ,  

p a r t i a l l y  because t h e  1970 Clean A i r  Act does n o t  e x p l i c i t l y  r e f l e c t  t h e  in- 

t e n t  of t h e  Congress as t o  t h e  d e s i r a b i l i t y  of such  r e g u l a t i o n s .  I n  response 

t o  t h i s  cont roversy ,  Congress is cons ider ing  amendments t o  t h e  Clean A i r  Act 

t h a t  p rov ide  e x p l i c i t  gu ide l ines  f o r  PSD . The amendment as proposed provides  

f o r  Class I and I1 areas wi th  a l lowable  increments ,  t h e  same as f o r  t h e  EPA 

r e g u l a t i o n s ,  as ind ica t ed  i n  Table 7.4. However, t h e  proposa l  does n o t  pro- 

v i d e  f o r  Class  111 areas .  Also, t h e  proposed amendment d i f f e r s  s u b s t a n t i a l l y  

from t h e  e x i s t i n g  EPA regu la t ions  i n  t h a t  some a r e a s  a r e  des igna ted  a s  man- 

da tory  Class I a r e a s  and o t h e r s  as Class 11, u n l e s s  t hey  are redes igna ted  by 

agreement between t h e  S t a t e s  and t h e  USEPA. S p e c i f i c a l l y ,  t h e  proposed man- 

da to ry  Class  I a r e a s  are a l l  areas of  1000 a c r e s  o r  l a r g e r  t h a t  are I n t e r -  

n a t i o n a l  Parks,  Nat iona l  Parks ,  Nat iona l  Wilderness  Areas, o r  Na t iona l  Wild- 

l i f e  Refuges . 
Following is  ,an i n i t i a l  e v a l u a t i o n  of  how e i t h e r  t h e  e x i s t i n g  o r  pro- 

posed PSD r e g u l a t i o n s  would c o n s t r a i n  t h e  c o a l - u t i l i z a t i o n  s c e n a r i o s  con- 

s i d e r e d  i n  t h i s  report .*  Allowable concen t r a t ions  i n  EPA Class I11 areas a r e  

def ined  as being equal  t o  t h e  NAAQS. Thus, no a d d i t i o n a l  curbs  e x i s t  beyond 

t h o s e  poss ib ly  r e s u l t i n g  from t h e  short- term 24-hr maximum NAAQS. 

Comparing Table 7.4 w i t h  t h e  es t imated  maximum concen t r a t ions  i n  Table 

7.3 shows t h a t  t h e  a l lowable  increments f o r  C la s s  I1 a r e a s  would n o t  b e  con- 

s t r a i n i n g  f o r  t h e  annual average concen t r a t ions ,  except  f o r  t h e  l a r g e  36,000- 

MW c l u s t e r s .  However, t h e  more s t r i n g e n t  24-hr SOz s t anda rd  would r e q u i r e  a 

40-80% reduct  i on  i n  emissions from coal-f i r e d  e l e c t r i c a l  genera t  i o n  a t  i nd i -  

v i d u a l  source locations, e i t h e r  through r educ t ion  i n  p l a n t  capac i ty ,  lower use  

of c o a l  w i t h  s u l f u r ,  o r  more e f f i c i e n t  c o n t r o l  equipment, S i m i l a r  r educ t ions  

f o r  shor t - te rm maximums would b e  r equ i r ed  f o r  p a r t i c u l a t e  emissions.  The re- 

g u l a t i o n s  proposed by Congress would r e q u i r e  bes t - ava i l ab l e  c o n t r o l  technology 

(BACT) as determined on a case-by-case b a s i s ;  t h u s ,  i n  a l l  l i k e l i h o o d ,  they  

would e l i m i n a t e  u s e  of  i n t e r m i t t e n t  c o n t r o l s  a s  a p r i n c i p a l  mechanism f o r  

rcducing ~ h o r t - t e r m  maximums i n  1.ieu o f  o t h e r  a v a i l a b l e  c o n t r o l  methods. 

- - - - -  

*PSD r e g u l a t i o n s  were included i n  t h e  Clean A i r  Act Amendments o f  1977. The 
PSD eva lua t ion  i n  t h i s  r e p o r t  w a s  based on information a v a i l a b l e  a t  t h e  t ime 
of a n a l y s i s  and r e p r e s e n t s  t h e  p o t e n t i a l  c o n s t r a i n t  t o  s i t i n g  r e s u l t i n g  from 
numerous Class  I PSD a r e a s ,  



For any foreseeable  technology t h e  l a r g e  c o a l - u t i l i z a t i o n  f a c i l i t i e s  

considered i n  t h i s  s tudy would be prohibi ted  from s i t i n g  i n  Class I a reas  by 

t h e i r  very s t r i n g e n t  c o n s t r a i n t s  on al lowable increments i n  these  a r e a s ,  i n  

p a r t i c u l a r  again  t h e  short-term maximum. The quest ion remains a s  t o  how c lose  

t o  t h e  Class I a r e a s  f a c i l i t i e s  can be s i t e d  without exceeding t h e  al lowable 

increment. Unfortunately,  the  a v a i l a b l e  tools '  f o r  es t imat ing  short-term maxi- 

mums over long d i s t ances ,  a s  required f o r  t h i s  a n a l y s i s ,  a r e  very imprecise. 

However, a "worst-case" procedure suggested by t h e  EPA f o r  use i n  s i m i l a r  

s t u d i e s  can be  used t o  ob ta in  coarse es t imates .  I n  t h i s  approach, a long-time 

pe r s i s t ence  is assumed f o r  s t a b i l i t y  Class C,  11 mi/hr wind speed, and a 

1000-m mixing he igh t .  Removal of SOn is  included using the  l i n e a r  model dis-  

cussed i n  Appendix E.  

The r e s u l t i n g  es t imates  of decrease i n  maximum 24-hr concentrat ions wi th  

d i s t a n c e  a r e  shown i n  Fig. 7.5 f o r  various types of f a c i l i t i e s .  The stand- 

dard 3000-MW f a c i l i t y  a t  f u l l  capacity with t h e  emission r a t e  allowed by NSPS . 

would v i o l a t e  the  5-pg/m3 PSD regula t ions  f o r  Class I a reas  t o  about 100 m i l e s  

away, t h e  maximum d i s t ance  f o r  which t h e  model should be considered t o  have 

v a l i d i t y .  Reduction of emissions t o  10% of t h e  NSPS al lowable r a t e  through a 

combination of use by low-sulfur coal  and flue-gas desu l fu r i za t ion ,  o r  o t h e r  

advanced technologies ( o r  equivalent ly ,  reducing t h e  capaci ty  t o  300 MW a t  

NSPS), would reduce t h e  required d i s t ance  from t h e  s i t e  t o  the  Class I a r e a  t o  

about 3U m i l e s ,  according t o  t h e  model. Because of t h e i r  lower r a t e s  of SO2 

emissions,  g a s i f i c a t i o n  p lan t s  would only be excluded from the  immediate v i c i -  

n i t y  of the  Class I a r e a s .  

Ef fec t s  of t h e  proposed PSD regula t ions  on t h e  s i t i n g  scenar ios  a r e  

shown i n  Figs.  7.6 and 7.7, i n  which the  s i t i n g  maps a r e  superimposed on the  

proposed mandatory Class I a reas  and a 30-mile buf fe r  zone surrounding these  

a reas .  According t o  t h e  above a n a l y s i s ,  l a r g e  e l ec t r i ca l -genera t ion  f a c i l i -  

t ies would b e  v i r t u a l l y  el iminated from these  buf fe r  zones and would requ i re  

s i g n i f i c a n t l y  reduced emission r a t e s  a t  t h e  zone boundary. Obviously, t h e  

PSD regula t ions  would cause severe  l i m i t a t i o n s  on a v a i l a b l e  f u t u r e  s i t i n g  

opt ions .  P a r t i c u l a r l y  c o n s t r a i n i n g ' i s  t h e ' l o c a t i o n  of many of t h e  mandatory 

Class I a reas  along waterways, a l s o  a t t r a c t i v e  f o r  power p l a n t  s i t i n g .  



Fig, 7.5 Decrease in 24-hr SO2 Concentration with Distance from Source 
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Fig. 7.6 Superposition of Baseline Siting .Pattern and 30-Mile 
Buffer Zone for Proposed PSD Class-I Areas 



rig. 7.7 Superposition of Siting Pattern for I l l inois  High Coal Use 
and 30-Mile Buffer Zone for Pxoposed PSD Class I Areas 



7.6 !lOTAL POPULATION EXPOSURES FOR ALTERNA!l'NE SITING AREAS 

'I'+e representat ive  subregion concentration described i n  Sec . 7.2 may 

be used 4r a va r i e ty  of ways in assessing a i r -qual i ty  impacts from coal-ut i l i -  

ea t ion  f a c i l i t i e s .  One of  t h e  impacts t h a t  is of g r ea t e s t  concern is the im- 

pac t  on human morta l i ty  and morbidity. Certainly, in s i t i n g  a new f a c i l i t y ,  

t he  incremental increase i n  SO2 and s u l f a t e  must be  considered. The incremental 

dosages have been calculated f o r  power p l a t s  s i t e d  a t  each point  on an approx- I 

imately 20-km gr id  es tabl ished within  each of t h e  71 regions throughout the  six 

p ta t e s  f o r  which concentration maps were calculated.  Figure 7.8 shows an example 

of t h e  r e su l t s  f o r ' I l l h o i s  contours of t h i s  incremental dosage f o r  SOz. The 

t o t a l  SO2 dosage r e su l t i ng  L ~ u m  siting a power p l m t  a t  any locat ion covered by 

t h i s  f igure  may be determined from the value corresponding t o  the culltour t h a t  

passes through t h a t  site. These maps e s sen t i a l l y  represent homogenized popula- 

t i o n  maps, and centers  of high population density may c l ea r ly  be  iden t i f i ed .  

For reference, the  projected sites fo r  t he  I l l i n o i s  High Coal Scenario a r e  super- 

imposed on Fig. 7.8. 

Figure 7.8 shows t h a t  the  exposure f o r  a s i ng l e  f a c i l i t y  i n  I l l i n o i s  

w i l l  i screase  t he  most f o r  a locat ion in the  Chicago metropolitan area ,  with 

t he  maximum exposure a t  a loca t ion  s l i g h t l y  south and w e s t  of the  center  of 

t h e  c i t y .  This calculat ion takes i n t o  account t he  atmospheric t ransport  of 

SO2 , which on the  average is to  the  northeast .  The only o ther  d i s t i n c t  maxi- 

mum of exposure in Fig .  7.8 occurs around the  Peoria axea. However, t he  ex- 

posure resu l t ing  from s i t i n g  a power p l an t  therg is  smaller by an approximate 

order  of magnitude than t h a t  due t o  s i t i n g  near  Chicago. The projected sites 

f o r  the  I l l i n o i s  high-coal scenario p lo t ted  on the  map can be compared with the  

exposure i sop le ths  t o  determine whether the  projected sites are adviu~Lagaoua 

f o r  t h e i r  e f f e c t s  on heal th .  

Because of t he  l ack  of coal  reserves in t h e  nor th  and nor theast  sec t ions  

of I l l i n o i s ,  mine-mouth f a c i l i t i e s  f o r  coal  u t i l l z a t l u u  would no t  be  s i t e d  i n  

t h i s  a rea  of high-exposure i sop le ths  . Y e t ,  t he re  a r e  coa l  reserves and suf f i -  

c i e n t  ava i lab le  water resources i n  t h e  Peoria area ,  where a secondary maximum 

of exposure occurs. Unfortunately, southern I l l i n o i s ,  which is a very de- 

s i r a b l e  area f o r  s i t i n g  fo r  minimizing exposure, lacks  s ign i f i can t  water 

resources. Hence, t h e  bes t  sites i n  I l l i n o i s  are ' in  the  cen t r a l  p a r t  of t he  

s t a t e  and along most of the  Mississippi River. I n  these  regions coal  and water 
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resources are f a i r l y  abundant and the  exposure due to  coal  f a c i l i t y  s i t i n g  is 

r e l a t i ve ly  low. 

The advantage of these contour maps over simple population maps is tha t  

t ransport  of SO2 and the loca l  fac tors  t ha t  a f f e c t  it  have been taken in to  

account. 

Precisely  the same Mnd of analysis  could be car r ied  out f o r  any given 

d i s t r i bu t ion  of another i t e m ,  such as crops o r  timber. 

The concentration d is t r ibu t ions  extend about 50 km from the  source; f o r  

s u l f u r  dioxide t h i s  dis tance is probably suf f ic ien t .  For s u l f a t e  aerosol,  

however, transport  beyond t h i s  dis tance must be taken in to  account; therefore,  

maps of population dosage fo r  s u l f a t e  aerosol calculated a s  f o r  SOe worlld 

be somewhat misleading in tha t  they would be ignoring a large pa r t  of the  t o t a l  

dosage increment. Consequently, they a r e  not  presented here. 

7.7 LONG-RANGE SULFUR TRANSPORT 

One of the  impacts of coal-fired power plants  of great  concern is the  

hea l th  impact of aerosol pa r t i c l e s  i n  the  s i z e  range below about 1-2 microns. 

This aerosol has been shown t o  consis t  primarily of various s a l t s  of s u l f u r i c  

ac id ,  par t icu la r ly  ammonium s u l f a t e  and ammonium b i su l f a t e .  Although the  

precise  species responsible fo r  the  observed e f f ec t s  have not  been c lear ly  

iden t i f ied ,  f i n e  pa r t i cu l a t e  matter of some kind seems t o  be implicated, hanae 

the  concern regarding s u l f a t e  aerosol. On the source o f . t h e  aerosol,  Lire 

prevai l ing opinion is tha t  the su l fur  dioxide emitted from power plants  is a 

primary precursor, the SO2 being oxidized t o  s u l f a t e  by a var ie ty  of possible  

mechanisms. Another possible precursor is biogenically p~oduccd hydrogen ~ul- 

f i d e  or  organic su l f ides  sue11 as dimcthyl laulfide, although the importance of 

t h i s  source of sulfur-containing materials has not  been established. Certainly 

the  l a rges t  anthropogenic source is coal-fired e l e c t r i c  power plants .  

Evidence indicates  t h a t  the  production of s u l f a t e  aerosol is ra ther  slow 

and t h a t  the distance needed t o  r e l a t e  cause and e f f ec t  is  consequently ra ther  

la rge ;  these fac tors  cause d i f f i cu l ty  in obtaining an understanding of the  

problem. Estimates of the  e f f ec t ive  r a t e  of conversion of SO2 t o  s u l f a t e  

aerosol  cover a wide range, but current opinion is t h a t  t he  r a t e  is 1-5Xlhr. 



I f  a  t y p i c a l  t ropospher ic  wind speed of  5m/sec is  assumed, t h e  r e l e v a n t  d i s -  

t ance  s c a l e .  f o r  t h e  problem. is 360-1800 km. This d i s t a n c e  is  enough t h a t  

completely d i f f e r e n t  modeling techniques a r e  needed t o  p r e d i c t  environmental  

impacts .  A b r i e f  d i scuss ion  of t h e  methodology used i n  t h i s  s tudy  i s  given 

nex t ,  followed by t h e  results o f ' a  pre l iminary  i n v e s t i g a t i o n  us ing  t h e  model. 

The model used f o r  t h i s  long-range impact s tudy ,  descr ibed  by Sheih, 1 1  

i s  based on t h e  work of Bol in  and Persson.  l 2  I n  t h e  model, t h e  h o r i z o n t a l  

d i s p e r s i o n  of a n  i 'ndividual  plume about  i t s  c e n t e r l i n e  is  neg lec t ed ,  t h e  

assumption be ing  t h a t  f o r  a  long-term average  t h e  s t a t i s  t i c a l  d i s t r i b u t i o n  of  

t h e ' c e n t e r l i n e  of t h e  t r a j e c t o r i e s  t h a t  o r i g i n a t e  a t  t h e  source  p r i m a r i l y  de- 

termines t h e  d i s t r i b u t i o n  of e f f l u e n t  from t h a t  sou rce .  The long-term average  

concen t r a t ion  a t  any po in t  con ta ins  c o n t r i b u t i o n s  from t r a j e c t o r i e s  having a 

wide range of  t r a v e l  times from t h e  source .  The model f i r s t  determines t h e  

d i s t r i b u t i o n  of t h e  end p o i n t s  of t r a j e c t o r i e s  rang'ing i n  age  from 3-120 h r  

i n  t ime s t e p s  of 3  h r s .  Each such d i s t r i b u t i d n  a l lows  t h e  c o n t r i b u t i o n  from 

t r a j e c t o r i e s  of a p a r t i c u l a r  age t o  be c a l c u l a t e d ;  t h e  t o t a l  p red ic t ed  con- 

c e n t r a t i o n  i s  simply t h e  sum of a l l  such c o n t r i b u t i o n s .  

To c a l c u l a t e  t h e  p o l l u t a n t  concen t r a t ion  a t  a  p o i n t ,  t h e  v e r t i c a l  d i s -  

t r i b u t i o n  of po l lu ta 'n t  must be modeled a s  w e l l  as t h e  h o r i z o n t a l .  I n  t h e  

model used, t h i s  is done by numerical ly  i n t e g r a t i n g  t h e  equat ion  f o r  one- 

dimensional ( v e r t i c a l )  d i s p e r s i o n  and thereby  c a l c u l a t i n g  t h e  v e r t i c a l  con- 

c e n t r a t i o n  p r o f i l e  a s  a func t ion  of t r a v e l  t ime from t h e  sou rce .  The eddy 

d i f f u s i v i t y ,  K ,  assumed f o r  t h e s e  c a l c u l a t i o n s  a t  h e i g h t  z ,  has  t h e  fo l lowing  

form: 

where : 

k = t h e  von Karman cons t an t  (0.4) , 
u* = t h e  f r i c t i o n  v e l o c i t y  ( taken  equal  t o  0.4 m/sec),  and 

H = a n  e f f e c t i v e  mixing he ight  ( t aken  equal  t o  2000 rn). 



The removal of po l lu tan t  a t  t h e  e a r t h ' s  su r face  by dry deposi t ion  is  t r e a t e d  

by an a n a l y t i c a l l y  in tegra ted  form of t h e  f lux-gradient  r e l a t i o n s h i p s  f o r  

t h e  su r face  l a y e r  t h a t  provides an e x p l i c i t  r e l a t i o n s h i p  between t h e  ground- 

l e v e l  concentra t ion and t h e  concentrat ion a t  t h e  top of t h e  constant-f lux 

layer predic ted  by t h e  numerical inkegrat ion.  For t h e  deposi t ion  ve loc i ty  . . 

a t  2-m height ,  t h e  commonly accepted values o f . 1  cm/sec f o r  SO2 and 0 .1  cml 

sec f o r  s u l f a t e  ae roso l  were used. The f i r s t - o r d e r  r a t e  constant  of 1 x lo-'/ 
sec was used f o r  t h e  transformation of SO2 t o  s u l f a t e .  

7.7.2 Analysis Results 

As described above, the  nmdel makes use of t h e  s p a t i a l  d i s t r i b u t i o n  of 

t h e  end po in t s  of t r a j e c t o r i e s  of various 'ages i n  ca lcu ia t lng  the cunce~lli'a- 

t i o n  of  SO2 and s u l f a t e  aerosol  a t  any point .  These d i s t r i b u t i o n s  a r e  ob- . 

t a ined  from ' t r a j  e c t o r i e s  i n i t i a t e d '  once every 12  h r  from t h e  source loca t ion  

and followed f o r  120 h r  o r  u n t i l  t h e  boundary. of the  region -in quest ion is 

reached. Bolin and ~ e r s s o n ,  ''found from s t u d i e s  with. European d a t a  t h a t ,  f o r  

a given age, t h e  d i s t r i b u t i o n  was nea r ly  i s o t r o p i c  and could be described t o  a 

reasonable degree by a gaussian function.  The model used in t h i s  work a l s o  

assumes t h a t  t h e  d i s t r i b u t i o n  f o r  a given t r a j e c t o r y  age may, be t r e a t e d  a s  

gaussian wi th  s tandard  dev ia t ions  in t h e  ease-west d l i e c t i o n  possibly d i f f e r a n t  

from those  f o r  t h e  north-south d i r e c t i o n .  The only parameters t h a t  must be 

es t imated a r e  t h e  coordinates  of t h e  mean p o s i t i o n  and t h e  two s tandard  de- 

v i a t i o n s  a s  funct ions  of t r a v e l  time. 

Calcula t ions  were done f o r  f i v e  d i f f e r e n t  sites wi th in  t h e  s i x - s t a t e  

region t h a t  were chosen t o  ob ta in  information on t h e  long-range d i spers ion  of 

e f  Fluent from sources in widely-separat ed a reas  wi th in  the  region. Figure 

7.9 shows t h e  loca t ions  of t h e  f i v e  sites cu~midercd.  

The d i spers ion  of t r a j e c t o r i e s  about t h e  mean i s  a c r i t i c a l  f a c t o r  i n  

t h e  c a l c u l a t i o n  of a long-term average concentrat ion.  The s ~ a u d a r d  devia t iopc  

i n  t h e  north-south and east-west d i r e c t i o n s  a s  a funct ion of t r a v e l  t i m e  f o r  

a s i t e  in southern I l l i n o i s  a r e  given i n  Table 7.5. These dev ia t ions  a r e  

t y p i c a l  of those  from t h e  o the r  s i t e s  a l s o .  There s e w s  t o  b e  a t r cnd  toward 

higher  dev ia t ions  f o r  east-west than f o r  north-south, a t  l e a s t  during t h e  

f i r s t  2-3 days, w i t h  t h e  exception of t h e  southeas t  Ohio s i te ,  f o r  which t h e  

t r end  i s  in t h e  reverse  d i rec t ion .  The nearness of t h e  Ohio s i t e  t o  t h e  



Fig. 7.9 Snurce Locations for Representative Calculations 
of Long-Range Sulfur ~r&s~ort, Transformation, 
and Deposition 



Allegheny Mountains and t h e  genera l ly  f l a t  t e r r a i n  f o r  severa l  hundred ki lo-  

meters about t h e  o t h e r  sites may expla in  t h e  d i f ference .  Af ter  a day and a 

h a l f ,  t h e  s tandard  devia t ions  a r e  e s s e n t i a l l y  constant .  This apparent con- 

s tancy is undoubtedly due in p a r t  t o  t h e  f a c t  t h a t ,  i n  the  model, t r a j e c t o r i e s  

t h a t  leave  t h e  boundaries of t h e  g r i d  on which t h e  wind data  a r e  a v a i l a b l e  a r e  
' 

no longer followed and t h e  number of t r a j e c t o r i e s  a v a i l a b l e  decreases with ; 

inc reas ing  t r a v e l  time, as indicated  i n  Table 7.5. 

For t h e  concentra t ion c a l c u l a t i o n s ,  t h e  standard devia t ions  used being 

r e l a t i v e l y  constant  a f t e r  a day and a h a l f  is  o f f s e t  by t h e  con t r ibu t ion  from 

t r a j e c t o r i e s  of a ' cer ta in  age being scaled  by t h e  number s f  t r a j e c t ~ r i e s  of 

t h a t  age. Tllis e s s e n r i a l l y  means t h a t ,  f o r  t h e  v i c i n i t y  of t h e  mean t r a  j ec- 

t o r y ,  t h e  c a l c u l a t i o n s  w i l l  be r e l a t i v e l y  unaffected;  while a t  d is tances  on 

t h e  order  of t h e  s tandard  devia t ion o r  g r e a t e r ,  t h e r e  w i l l  be an underestima- 

t i o n  of the  concentra t ion,  the  ex ten t  of t h e  e r r o r  increas ing wi th  increas ing 

d i s t m c e  from the  maximum. 

The concentra t ion ca lcu la t ions  a l s o  requ i re  determining t h e  v e r t i c a l  

p r o f i l e  of SO2 and s u l f a t e  a s  a funct ion of t i m e .  The same v e r t i c a l  p r o f i l e .  

a s  a function of t r a v e l  t i m e  was used f o r  each source loca t ion ,  thus any 

v a r i a t i o n  with t i m e  of those f a c t o r s  ~ u s h  a6 O U F ~ D C C  roughness and s u l a ~  ra- 

d i a t i o n  t h a t  a f f e c t  the  value of t h e  eddy d i f  f u s i v i t y  was ignored. The only 

Table 7.5. Standard Deviations about t h e  Mean f o r  T r a j e c t o r i e s  
Originat ing i n  Southern I l l i n o i s  

Travel  S tanrlard Doviat i sn~  , lcm N u m l s t ~  rsl: 
Tirce, days North-South East-West T r a j e c t o r i e s  

0.5 32 4 35 7 2189 



v a r i a t i o n  i n  t h e  input  parameters considered was t h e  v a r i a t i o n  of e f f e c t i v e  

s t a c k  height .  Figure 7.10 shows f o r  e f f e c t i v e  emission he igh t s  of 350 and 525 

m the  f r a c t i o n  of t h e  o r i g i n a l  emission of SO2 t h a t :  (1) remains i n  the  at- 

mosphere a s  gaseous SO2;  (2) has been converted t o  s u l f a t e  ae roso l  b u t  remains 

i n  the  atmosphere; and (3) has been deposi ted on the  ground a s  s u l f a t e  aerosol .  

The two s e t s  of curves d i f f e r  very l i t t l e ,  thus  t h e  conclusion is  t h a t  once 

the  e f f e c t i v e  emission height  has reached 350 m, very l i t t l e  is  gained by in- 

c reas ing  i t ,  a t  l e a s t  on average. 

Figures 7.11a-7.11e show t h a t  SO2 and s u l f a t e  ae roso l  maps f o r  each of  

the  f i v e  locat ions 'cons idered ,  f o r  an e f f e c t i v e  emission he igh t  of 350 m. 

Figure 7.11a a l s o  shows t h e  SO2 and s u l f a t e  deposi t ion  f o r  the  southern 

I l l i n o i s  source,  which is t y p i c a l  of the  deposi t ions  f o r  t h e  o the r  sources.  

These f i g u r e s  show t h a t  the  impact of l a r g e  coa l - f i r ed  e l e c t r i c  power gene- 

r a t i n g  f a c i l i t i e s  f o r  s u l f a t e  ae roso l  extends over a.much longer and wider 

range than f o r  s u l f u r  dioxide.  The ca lcu la t ions  a l s o  imply t h a t  t h e  a r e a  of 

maximum s u l f a t e  impact from a given source is r e l a t i v e l y  c l o s e  t o  t h e  source. 

The impl ica t ions  of these  r e s u l t s  i n  l i g h t  of projec ted  increased coa l  u t i -  

l i z a t i o n  a r e  t h a t  s u l f a t e  l e v e l s  i n  the  highly populated a reas  around Chicago 

and De t ro i t  a s  w e l l  a s  i n  I l l i n o i s ,  Indiana,  Michigan, and Ohio genera l ly  

can be expected t o  inc rease ,  and, depending on the  ex ten t  of  t h e  development, 

might approach l e v e l s  now observed i n  the  Eas t .  

Calcula t ions  were c a r r i e d  out  f o r  t h e  s p e c i f i c  scenar io  corresponding 

t o  high coal  usage i n  I l l i n o i s .  Figure 7.12 shows t h e  d i s t r i b u t i o n s  of SO2 

and s u l f a t e  together  wi th  t h e  maps of SO2 and s u l f a t e  deposi t ion  r e s u l t i n g  

from t h i s  d i s t r i b u t i o n  of  sources i n  I l l i n o i s .  A s  mentioned above, t h e  

maxbum impact on s u l f a t e  l e v e l s  is r e l a t i v e l y  near  the  source;  bu t  highly 

populated a reas  i n  the  Midwest w i l l  be a f f e c t e d ,  p a r t i c u l a r l y  Chicago and 

Indianapol is . .  The maximum (scaled) ground-level SOe and s u l f a t e  concentra- 

t i o n s  predic ted  f o r  t h i s  scenar io  a r e  0.08609 and 0.04073 u g / m 3  p e r  u n i t  

emission r a t e ,  r e spec t ive ly .  

For comparison the  e x i s t i n g  urban and r u r a l  l e v e l s  of s u l f a t e s  f o r  t h e  

U.S. a r e  shown i n  Fig. 7.13. l 3  
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8 HEALTH EFFECTS 

8.1 INTRODUCTION 

8.1.1 Meaourement of "H~~eaZth'' 

The d i s t i n c t i o n  between good h e a l t h  and poor h e a l t h  is not  sharp. The 

h e a l t h  of individuals  can vary from per fec t  physical  condit ion to.moderate t o  

severe  illness t o  imminent death. The l e v e l  of ,ill h e a l t h  which can be con- 

s idered a se r ious  economic 'or medical problem v a r i e s  according t o  t h e  age and 

occupation of t h e  person considered. A case of in£ luenza, f o r  example, t h a t  

might be considered a mild annoyance i n  a high school s tudent  could b e  cause 

f o r  alarm i n  an e lde r ly  person wi th  a h e a r t  ai lment.  

The h e a l t h  of a population can be measured most e a s i l y  by i ts  mor ta l i ty  

r a t e .  Other measurements more useful  but less r e a d i l y  a v a i l a b l e ,  a r e  the  

incidence and prevalence of d isease .  

, ,The c h a r a c t e r i s t i c s  of the  population rinder s tudy a r e  important 

i n , t h e  e x p e c t e d h e a l t h  s t a t u s .  The r i s k  of death is  always r e l a t i v e l y  high 

a t  b i r t h ,  . s t a t i s t i c a l l y  a minimum around ages 10-15, and inc reases  roughly 

exponential ly t h e r e a f t e r .  Females l i v e  longer than males, and smokers d i e  

earlier than those  who abs ta in .  A v a r i e t y  of s o c i a l  and economic f a c t o r s  vary 

markedly among e a s i l y  i d e n t i f i a b l e  r a c i a l  and e thnic  groups. Therefore, t h e  

e f f e c t s  of age, sex, and race  must be  accounted f o r  i n  any scheme t o  measure 

h e a l t h  . . e f f e c t s .  

6.1.2 The S tudy  o f  HeaLth Effects  

The e f f e c t s  on hea l th  of an environmental stress o r  noxious agent  in. 

humans a r e  o f t e n  hard t o  study. The r e s u l t s  of animal experimentation, w i t h  

a l l  of i t s  problems of in te r spec ies  var ia t ion ,  .are a major source of data .  

Thue, wc oftexi have cxce l l eu t  rluse-response dara for substances in.  animals 

that cannot be  applied d i r e c t l y  t o  humans. 

On t h e  o t h e r  hand, with data  on human s t u d i e s ,  w e  o f t e n  f i n d  t h a t  

t h e y  de r ive  from cases i n  which t h e  dose and dura t ion of exposure (espec ia l ly  

t h e  former) and .indeed t h e  composition of t h e  tox ic  substance being s tud ied  

a r e  no t  well-defined. Thus, while t h e  n a t u r e  of t h e  e f f e c t s  may b e  w e l l  



described f o r  humans, q u a n t i t a t i v e  dose-response re la t ionsh ips  may remain 

obscure,  because t h e  circumstances of exposure may be unknown. This problem 

is p a r t i c u l a r l y  a c u t e  f o r  long-term o r  l a t e n t  e f f e c t s  i n  which t h e  h i s t o r y  * .  

of  exposure over a 10-to-20-year period must be est imated.  

8.2 HEALTH EFFECTS ASSOCIATED WITH AIR POLLUTION FROM COAL USE 

Most of t h e  e f f l u e n t s  from cur ren t  modes of coa l  use t h a t  a r e  of 

d i r e c t  impact.on human h e a l t h  a r e  i n  t h e  s t a c k  emissions from coal-burning 

f a c i l i t i e s ;  hence they appear a s  a i rborne  po l lu tan t s .  These c h a r a c t e r i s t i c s  

, have .four major types of h e a l t h  impacts : 

. . < .  
8.2.1 ~ h ~ s i o Z o ~ i c a Z  Bffec8s 

8.2.1.1 I r r i t a t i o n  

I n  i r r i t a t i o n ,  rhe challenge from the  p o l l u t a n t  has the  e f f e c t  of 

causing an inflammatory reac t ion  i n  the  a f f e c t e d  organs. Inflammation is 
', 

designed a s  a defense mechanism, which ' a s s i s t s  the  body i n  r e j e c t i n g  fore ign 

mate r i a l s .  I t  is c h a r a c t e r i s t i c a l l y  a l o c a l  r eac t ion ,  f o r  example, around a 

wound, where the  e f f e c t  w i l l  be t o  wal l  o f f  and l a t e r  destroy invading 
' . 

pathogens o r  o t h e r  fo re ign  mater ia l  t h a t  cannot 'be  removed by any o t h e r  

means. Paradoxically,  when an inflammatory response occurs over a wide a rea ,  

it may have a de le te r ious  e f f e c t .  Bccausa of t i s s u e  damage it induces, . 

inflammation may do f a r  more damage than the  challenge o r  foreign m t e r f a l  t h a t  

s t imula ted  t h e  react ion.  This may i n t e r f e r e  with o the r  immunological mechanisms 

t o  t h e  point  where suscepelbif iLy t o  a t t a c k  by pathngenic organisms is  a c t u a l l y  
1 enhanced. 

8.2.1.2 D i rec t  T o x i c i t y  

The p o l l u t a n t  causes dLi-ect damge Lo the  cclle w i t h .  which It comes i n  

con tac t .  This damage usual ly  r e s u l t s  when the  agent i n t e r f e r e s  wi th  t h e  
' 

metabolism of t h e  c e l l ,  by e i t h e r  i n a c t i v a t i n g  key enzymes, being metabolized 

i n t o  use less  products ,  ur otherwice disri-ipting normal c e l l  function.  I n  

genera l ,  substances wi th  tox ic  e f f e c t s  w i l l  a l s o  s t imula te  inflammation, but  

t h e  response is not  always i n .  proport ion  t o  t h e  .challenge.  Inflammation 



usual ly  occurs a t  t h e  s i t e  of con tac t ,  while toxic 'e f fec ts  may show up'ky- 

where in t h e  body a f t e r  absorption.  

8.2.1.3 Carc inogenes i s  

The p o l l u t a n t  o r  i t s  metabolic byproducts s t imula te  development of 

tumors a f t e r  some l a t e n t  period,  which may range from a few years  t o  severa l  

decades. This development may occur a s  t h e  r e s u l t  of an accumulation of gene , 

mutations o r  chromosome aber ra t ions  due t o  t h e  biochemical r e a c t  ions  between 

the  genet ic  ma te r i a l  of t h e  c e l l  and t h e  carcinogen. 

8.2.1.4 Phy s ical  Synerg ism -- Lung Clearance 

I n  t h e  r e sp i ra to ry  system in p a r t i c u l a r ,  t h e r e  is  a f u r t h e r  c l a s s  of 

e f f e c t s  t h a t ,  while no t  d i r e c t l y  harmful themselves, can enhance the  e f f e c t s  

described above. The mechanisms f o r  c l ea r ing  noxious substances from t h e  

lungs may be reduced. i n  e f fec t iveness ,  thereby increas ing t h e  res idence  time 

of e f f l u e n t s  i n  t h e  lung.  This usual ly  r e s u l t s  e i t h e r  from a reduction i n  

c i l i a r y  a c t i o n  i n  t h e  bronchia l  t r e e ;  o r  from a thickening of t h e  p r o t e c t i v e  

l a y e r  of mucus, which i n t e r f e r e s  wi th  t h c  . c i l i a r y  a c t i o n  moving fore ign par- 

t i c l e s  out  of t h e  lung. 

8.2.2 C l i n i c a l  Condi t ions  R e s u l t i n g  from the P h y s i o l o g i c a l  E f f e c t s  

The responses l i s t e d  above may have d i f f e r e n t  outcomes, which w i l l  

depend on the  age and condit ion of the  vict im, t h e  n a t u r e  of the  noxious agent ,  

and t h e  dura t ion  of exposure. The following c l i n i c a l  manifes ta t ions  a r e  typi -  

c a l  among persons exposed t o  a i rborne  po l lu tan t s  of t h e  kind commonly seen i n  

coa l  combust ion. 

8.2.2.1 Acute  R e s p i r a t o ~ y  D-isease 

Inflammation uf pulmonary t i s s u e  and the  genera l  d e b i l i t y  produced by 

t o x i c  e f f e c t s  make both t h e  upper and lower r e sp i ra to ry  t r a c t  more sub jec t  t o  

in fec t ion .  Thus, t h e  incidence of inf luenza ,  pneumonia, colds,  and o t h e r  

acu te  pulmonary d i seases  ten'ds t o  .be increased in exposed populat ions.  Acute 

asthma a t t a c k s  can b e  induced i n  suscep t ib le  persons by resp i red  i r r i t a n t s ,  

and t h e  s e v e r i t y  of an a t t a c k ,  whether pollutant-induced o r  n o t ,  can be  mar- 



kedly increased by the  s y n e r g i s t i c  r e la t ionsh ips  t h a t  have been found between 

t h e  body's response t o  histamines,  which a r e  re leased i n  the  i n i t i a l  phase of 

an asthma a t t a c k ,  and previous exposure t o  o the r  i r r i t a n t s .  

8.2.2.2 Chron ic  R e s p i r a t o r y  Disease 

Prolonged exposure t o  i r r i t a n t s  and toxins  have been shown t o  l ead  t o  

i r r e v e r s i b l e  damage t o  lung t i s s u e .  Emphysema and chronic b ronch i t i s  have 

been shown to  develop in a v a r i e t y  of experimental animals exposed t o  low 

l e v e l s  of the  common po l lu tan t s .  These condit ions a r e  a l s o  the  c h a r a c t e r i s t i c  

e f f e c t s  of chronic pulmonary'injury i n  man and are seen,  f o r  example, a f t e r  

prolonged use of tobacco. Early inflammatory responses have been shown t o  

l e a d  t o  the  development of various pneumonoconioses ( s i l i c o s i s ,  a sbes rus i s ,  

e t c . )  when c e r t a i n  kinds of i r r f t a n t  p a r t i c l e s  a r e  introduced. 

8.2 .2 .3  Aggsczvation o f  P r s - a i . s t i . n g  C o n d i t i o n s  

A person a l ready i n  poor hea l th  f rom, .e .g . ,  chronic resp i ra to ry  o r  

cardiovascular  d isease  whether o r i g i n a l l y  caused by t h e  po l lu tan t s  i n  quest ion 

o r  n o t ,  i s  a t  much higher r i s k  of s u f f e r i n g  an acute  o r  f a t a l  episode when 

exposed t o  a i rborne  i r r i t a n t s .  

8.2.2.4 N e o p Z a s t i c  Diseases 

Exposure to  carcinogens of t h e  kinds found i n  products of coal  com- 

bus t ion  usually leads  t o  neoplas ia  o r  cancer i n  the  s i t e  o r  organ of depo- 

s i t i o n .  Cancers of t h e  resp i ra to ry  and alimentary t r a c t s  a r e ,  the re fo re ,  

most l i k e l y  t o  be associa ted  wi th  coal  e f f l u e n t s .  However, metabolic t rans-  

p o r t  and transformation has t h e  p o t e n t i a l  f o r  causing cancer i n  o the r  organs 

as w e l l .  Cancer of t h e  b ladder ,  c e n t r a l  nervous system, and hematopoeitic 

t i s s u e s ,  fo r  example, have a l l  been associa ted  with organic e f f l u e n t s  having 

s t r u c t u r e s  analogous t o  those i n  coal .  

8 . 3  EFFECTS OF SPECIFIC POLLUTNTS ON HEALTH 

The e f f l u e n t s  produced frdm coal  combustion a r e  heterogeneous; t h i s  

s e c t i o n  breaks them down and tries t o  summarize what is  known about t h e  com- 

ponents of i n t e r e s t .  



8.3.1 Sulfur Dioxide (SO2) 

Sul fu r  dioxide was one of  the  e a r l i e s t  suspected t o x i c  agents  i n  a i r -  
, ..._ _ 

po l lu t ion  episodes and has ,  the re fo re ,  been"studied extens ively .  I n  the  pure 

s t a t e ,  i t  is a co lo r l e s s  gas with an a c r i d  odor. I n  high concentra t ions ,  it  

tends t o  be  absorbed i n  the  upper r e sp i ra to ry  t r a c t ,  s o  t h a t  a  l a r g e  proport ion 

of i t  never reaches the  pulmonary region,  bu t  a t  low concentrat ions most of what 

i s  inhaled reaches t h e  terminal  bronchioles and a l v e o l i .  Thus, t h e  e f f e c t i v e  

dose received by t h e  most s e n s i t i v e  p a r t s  of t h e  r e sp i ra to ry  system does n o t  

decrease l i n e a r l y  with decreasing atmospheric concentrat ion.  It has no t  been 

shown t o  produce se r ious  d i r e c t  e f f e c t s  i n  the  pure s t a t e  i n  humans i n  the  

concentrat ions t h a t  would o r d i n a r i l y  be expected i n  a reas  of heavy c o a l  u t i l i -  

za t ion  ( i . e . ,  0.3 t o  1 .5  ppm), although l e v e l s  above 0.25 ppm a r e  usual ly  

associa ted  with adverse hea l th  e f f e c t s  i n  epidemiological s t u d i e s .  

8.3.1.1 Irritant ~ffects~'' 

I n  humans, i n i t i a l  exposure a t  1 e v e l s . t h a t  might be r e a l i s t i c a l l y  en- 

countered produces a s l i g h t  temporary vasoconst r ic t ion ,  which l a s t s  about 10- 

20 min in a previously unexposed s u b j e c t ,  with measurable reduction i n  t h e  

e l a s t i c i t y  of t h e  lung l a s t i n g  somewhat longer.  Subjects  exposed over s e v e r a l  

days show s l i g h t  changes i n  lung capacity and pulmonary r e s i s t a n c e ,  l e v e l s  of  

various enzymes, and blood chemistry. There appears t o  be a hab i tua t ion  e f f e c t ,  

i n  t h a t  a  person previously exposed t o  low l e v e l s  of SOz does n o t  r e a c t  a s  

severe ly  t o  a  given higher dose a s  does one who has no t .  I n  even the  worst- 

case r e a l i s t i c  dose range, the  i r r i t a n t  e f f e c t  i s  mild, and i t  tends t o  de- 

crease  with habi tua t ion .  

8.3.1.2 Co-irritant Effects 

I n  some s t u d i e s ,  s u l f u r  dioxide has been fourid t o  i n t e r a c t  wi th  o the r  

i r r i t a n t s  t o  both enhance and ameliorate t h e i r  e f f e c t s .  An experimental sub- 

j e c t  habi tua ted  t o  s u l f u r  dioxide,  f o r  example, w i l l  no t  r e a c t  a s  s t rong ly  

t o  a subsequent dose ok n i t rogen dioxide a s  one without such p r i o r  exposure. 

Ind ica t ions  of a  synergism have been found i n  s t u d i e s  of ozone (03) and 

histamine,  wherein p r i o r  exposure t o  SO2 w i l l  r e s u l t  i n  more severe  r eac t ions  

t o  those i r r i t a n t s .  



Sul fu r  dioxide can be absorbed on the  surfaces  of otherwise benign 

p a r t i c u l a t e s  and markedly enhance the  i r r i t a n t  e f f e c t .  It is  not  known whether 

t h i s  r e s u l t s  from the  longer residence t i m e  of t h e  SO2 i n  the  a r e a  of t h e  par- 

t ic le  deposi t ion  o r  from enchancement of t h e  i r r i t a n t  e f f e c t  of t h e  p a r t i c l e  

i t s e l f .  l 4  

8.3.1.3 Carcinogenic  E f f e c t s  

Sulfur  dioxide passes read i ly  through c e l l  membranes and, once i n  an 

aqueous medium, such as c e l l  cytoplasm, c a r f o r m  f r e e  r a d i c a l s  and ions ,  

notably  s u l f i t e ,  b i s u l f i t e ,  and SO; The f i r s t  two can be very t o x i c ,  but  

t h e r e  is a well-developed enzyme system t h a t  rapidly  neur ra l l zes  and removes 

those  ions .  The r i s k  associa ted  with these  ions i s ,  the re to re ,  low f o r  mOSC 

people. The SOZ'radical,  however, is  a r e l a t i v e l y  long-lived species  with 

an a f f i n i t y  f o r  breaking d i s u l f i d e  (S-S) bonds, which makes it a p o t e n t i a l  

cause of gene mutations and possibly a long-term carcinogen. 

8.3.1.4 Co-Carcinogenic E f f e c t s  

One experiment showed, i n  r a t s ,  t h a t  previous exposure t o  SOz f a c i l i -  

t a t e d  t h e  induction of lung tumors by benz(a)pyrene administered by aerosol .  

I n  f a c t ,  i n  t h i s  experiment. benz(a)pyrene d id  not  appear carcinogenic i n  the  

absence of SO2. 2 

8.3.1.5 E f f e c t  on L w ~ g  CZecw2iny 

SO2 i n  acute  high-level doses temporarily suppresses t h e  a c t i o n  of 

c i l i a t e d  c e l l s  l i n i n g  the  bronchial  passages. As these  c e l l s  remove p a r t i -  

c u l a t e s  and o t h e r  debr is  from the  lungs,  the  residence t i m e  f o r  a l i e n  sub- 

s t ances  may be markedly increased.  Long-term low-level doses do no t  have 

t h i s  e f f e c t .  Ins tead ,  they cause thickening of t h e  p ro tec t ive  mucus l a y e r  

over t h e  c i l i a ,  which i n h i b i t s  r h e l r  a b i l i t y  t o  ~uuvt: Ll~e d e b r i s .  Thus, i n  

t h e  long run, low-level doses have an e f f e c t  s i m i l a r  t o  t h a t  f o r  acu te  high- 

l e v e l  doses. 2 

8.3.2 Oxides .  o f  Ni t rogen  

Nitrogen oxides (NO ) a r e  produced by both oxidat ion of organical ly  
X 

bound ni t rogen i n  coal  and secondary oxidation of atmospheric n i t rogen during 



t he  combustion of coal  and niost o the r  hydrocarbons, e spec ia l ly  a t  high 

temperatures o r  pressures.  The-two most important spec ies  a r e  n i t r i c  oxide 

(NO) and ni t rogen ( ~ 0 2 )  . N i t r i c  oxide oxidizes  r e a d i l y  t o  NO2. 

8.3.2.1 Irritant Effect2 

Nitrogen dioxide is a . ' s t rong i r r i t a n t .  Rats experimentally exposed t o  

a s  l i t t l e  a s  0.5 ppm showed s igns  of acu te  inflammatory response a f t e r  only 

four  hours of exposure. Chronic exposure of experimental animals t o  l e v e l s  

i n s u f f i c i e n t  t o  produce evidence of acute  inflammation produced i r r e v e r s i b l e  

emphysema-like l e s i o n s .  Human exposures a t  moderate l e v e l s  have produced 

evidence of inflammation a s  measured by diminished lung compliance, but  un- 

l i k e  SO2. t h e  e f f e c t s  seem t o  be delayed s e v e r a l  hours a f t e r  t h e  onset  of 

exposure. A s  with SO2 and 0 3 ,  t h e r e  is a p r o t e c t i v e  hab i tua t ion  e f f e c t  t o  t h e  

e f f e c t s  of acute  inflammation. . I t  must be emphasized, however, t h a t  t h e  pro- 

t e c t i v e  e f f e c t s  of hab i tua t ion  do no t  necessa r i ly  apply t o  e f f e c t s  o t h e r  than 

acu te  inflammation. I n  f a c t ,  many researchers  be l i eve  t h e  reverse  is t r u e :  

hab i tua t ion  t o  t h e  acu te  inflammatory response may be  p a r t  of t h e  e f f e c t  of  

chronic t o x i c i t y .  

8.3.2.2 Co-irritant Effect 

See Sec. 8.3.1.2. 

8.3.2.3 Carcinogenic Effect 

N i t r i c  oxide i n  aqueous , so lu t ion  can form n i t r i t e  (NO;) ion ,  which 

i n  the  presence of s u i t a b l e  organic amide bases ,  can form nitrosamines,  h ighly  
/ 

potent  carcinogens . ' The p o s s i b i l i t y  e x i s t s  , theref  o r e ,  of a carcinogenic 

e f f e c t  both i n  the  lung and t h e  stomach a s  t h e  r e s u l t  of swallowed par t icu-  
. . 

l a t e s .  Though t h e r e  a r e  suggest ive r e l a t ionsh ips  between stomach cancer and 

a i r  p o l l u t i o n g  i n  some l o c a l i t i e s ,  t h e r e  is  l i t t l e  v e r i f i c a t i o n  a v a i l a b l e  y e t  

of t h i s  hypothesis .  
. . 

Experiments showing enhancement of benz(a)pyrene carcinogenesis  a f t e r  

exposure t o  NO2 a r e  i n  progress,  but  the  r e s u l t s  have n o t  ye t  been published. 



8.3.2.5 Lung CZearance 

Nitrogen d iox ide  .seems t o  reduce c i l i a r y  a c t i o n  in t h e  same f a sh ion  

as SO2 . 

8.3,. 3 Ozone . . 

Ozone may appear  as t h e  r e s u l t  o f  secondary r e a c t i o n s  fol lowing com- 

b u s t i o n  as d iscussed  i n  Sec. 7.4. It is a h igh ly  r e a c t i v e  t r i m e r i c  molecule 

of  oxygen. 

8.3.3.1 I r r i t an t  Effect 

Ozone i s  among t h e  s t r o n g e s t  of t h e  s imple  inorganic  gaseous i r r i t a n t s .  
. , 

8.3.3.2 C o - i r r i t a n t  Effects 

The r e l a t i o n s h i p s  between ozone and o t h e r  i r r i t a n t s  a r e  many and 

v a r i e d .  It shows a h a b i t u a t i o n  e f f e c t ;  however, p r i o r  exposure t o  ozone 

produces c ros s  t o l e r a n c e s  t o  many more i r r i t a n t s  t h a n  do most o t h e r s .  When 

exposure t o  ozone and o t h e r  i r r i t a n t s  i s  simultaneous,  tqe e f f e c t  is  usua l ly  

a d d i t i v e  o r  s y n e r g i s t i c .  Previous exposure t o  subs tances  con ta in ing  P i s u l f i d e  

groups o r  s u l f h y d r y l  groups tends  t o  be  p r o t e c t i v e  a g a i n s t  t h e  a c u t e  response.  

8.3.3.3 C a ~ c i n o g e n i c  Effects 

Ozone has  been shown t o  b e  carc inogenic  i n  s u s c e p t i b l e  s t r a i n s  o f  mice. 

I ts  c a p a c i t y  f o r  r e a c t i n g  wi th  d i s u l f i d e  and s u l f h y d r y l  groups and f o r  forming 

o t h e r  kinds of  f r e e  r a d i c a l s  g ives  it t h e  capac i ty  f o r  mutagenic a c t i v i t y  

c h a r a c t e r i s t i c  o f  many carcinogens.  There i s  once a g a i n  r e l a t i v e l y  ' l i t t l e  

exper imenta l  v e r i f i c a t i o n .  

8.5.3.4 Brett TOXC~.  ~ f p c t s  

Ozone is very a c t i v e  biochemical ly and has  been shown t o  cause  pre- 

mature ag ing  i n  some experimental  animals .  This  e f f e c t  occurs  even though 

most mammals, inc luding  man, have a very  well-developed enzyme system (super- 

o x i d e  dismutase)  f o r  removing and denatur ing  O 3  and o t h e r  a c t i v e  peroxides.  



8.3.4 Hydrocarbons 

Coal has  no unique s t r u c t u r e .  It is gene ra l ly  considered t o  be  a 

network of  a romat ic  carbon compounds i n t e r s p e r s e d  w i t h  h e t e r o c y c l i c  compounds. 

Therefore ,  a wide v a r i e t y  of o rgan ic  e f f l u e n t s  might b e  formed, e s p e c i a l l y  

dur ing  t r a n s i e n t  o p e r a t i n i  cond i t i ons  t h a t  permit incomplete combuqtion. 

Many of t h e  products  of c o a l  decomposition a r e  equ iva l en t  t o  t h e  ad- 

vanced s t a g e s  of pyrene s y n t h e s i s .  A t  about  900°c, t h e  predominant r e a c t i o n s  

a r e  r i n g  c l o s u r e s ,  condensat ion,  and aromat izar ion .  The m a i n  p roducts  tend 

t o  b e  polynuclear  r i n g  compounds. Products  from low-temperature py ro lys ig  

might b e  expected dur ing  per iods  of s t a r t u p  and shutdown. Most of t h e s e  

compounds would b e  s i n g l e  a romat ic  r i n g s  o r  h e t e r o c y c l i c  compounds wi th  a l k y l  

s i d e  cha ins .  

The consequences of i n h a l a t i o n  o,f hydrocarbons a r e  complex because t h e  

inha led  subs tances  a r e  always mixtures .  This  mixing of compounds makes 

i t  v i r t u a l l y  impossible  t o  i nc r imina te  any s i n g l e  m a t e r i a l  as t h e  c a u s a t i v e  

agent  f o r  pa tho log ic  changes. However, some' o rgan ic  compounds a r i s i n g  from 

t h e  combus t i o n  o r  process ing  of coa l  have been i d e n t i f i e d  exper imenta l ly  as 

e i t h e r  known o r  i 'suspect" carcinogens,  o t h e r s  a s  s t r o n g  eye  and lung  irri-, 

t a n t s .  

8.3.4.1 Irr i tant  E f f e c t s  

The products  of incomplete c o a l  combustion inc lude  a l i p h a t i c  and 

aromat ic  hydrocarbons, a ldehydes,  and ketones.  Of t h e  aldehydes,  formaldehyde 

and a c r o l e i n  a r e  recognized as t h e  two most common hydrocarbon i r r i t a n t s .  

These compounds are e a s i l y  absorbed a c r o s s  t h e  mucous membranes of t h e  con- 

j u n c t i v a e  and a l v e o l i .  Thei r  in i t ia l  a q t i o n s  a r e  t o  produce tears ( lacr ima- 

t i o n )  o r  sneez ing  ( s t e r n u t a t i o n )  .9 Other  e f f e c t s  a s s o c i a t e d  wi th  i n h a l a t i o n  

of t h e s e  products  inc lude  rh ino r rhea ,  cqughing, s o r e  t h r o a t ,  and a sense  of  

s u b s t e r n a l  oppress ion .  I r r i t a t i o n  frqm formahdehyde i s  apparent  t o  most 

people  a t  concen t r a t ions  of 2-3 ppm; t h g  same r e a c t i o n s  from a c r o l e i n  occur  

a t  less than 1 ppm. 1 0  

The i n t e n s i t y  of a c u t e  and ch ron ic  inflammatory r e a c t i o n s  w i l l  depend 

on t h e  speci,f i c  t o x i c o l o g i ~ a l  p r o p e r t i e s  of t h e  p o l l u t a n t .  The o l e f i n s  o r  
. . .  

unsa tu ra t ed  aldehydes produce more n o t i c e q b l e  i r r i t a t i o n  than  do s a t u r a t e d  
. , ,..:,.:. . 



aldehydes.  The i r  t o x i c i t y  i nc reases  w i t h  t h e  a d d i t j o n  of a double bond and . . 
dec reases  w i t h  i n c r e a s i n g  molecular  weight .  

Where a hydrocarbon is absorbed i n  t h e  r e s p i r a t o r y  t r a c t  depends upon 

t h e  water s o l u b i l i t y .  Highly water -so luble  products  t end  t o  be  absorbed i n  . . . . 
t h e  n a s a l ,  bucca l ,  nasopharyngeal , and 1gryngotracheaJ reg ions .  Compounds of 

h i g h e r  molecular  weight  and lower s o l u b i l i t y  can p e n e t r a t e  deeply i n t o  t h e  

lungs  ." 
Products  of  photochemical react ions.  can be considered as s e c o n d a v  

products  o f . c o a 1  combustion. These compounds r e s u l t , f r o m  t h e  f u r t h e r  r e a c t i o n  , . 
of  e f f l u e n t  compounds i n  t h e  presence  of u l t r a v i o l e t  r a d i a t i o n ,  0.zone and 

t h e  PAN s e r i e s  a r e  examples qf this, e r n l ~ p ,  P h ~ t ~ n y i d a t i o n  ic nlm a pathway 

f o r  a ldehyde formation.  l 1  The PAN series--peroxyacetylnitrate (PAN) , peroxy- 

b e n z o y l n i t r a t e  (PBZN) ,  q d  t h e i r  homologues -- are p o t e n t i a l l y  more t o x i c  t han  

t h e  aldehydes.  However, because of t h e i r  h igh  r e a c t i v i t y  and r e s u l t i n g  s h o r t  

l i f e t i m e s ,  ' t he  e x t e n t  t o  which t h e  PANS a r e ' d b e c . t l 9  respons i .b l s  f o r  ' i r r i t a n t  

e f f e c t s  is ques t fonab le .  

8.3.4.2 ~ u r c i r o ~ e n ~ e  Effects 

Among t h e  products  of c o a l  combugtion, t h o s e  w i t h  t h e  most s e r i o u s  

p o t e n t i a l  f o r  ca rc inogen ic  effects appears  tn h~ pol y c y c l i ~  comp~undo . Poly- 

c y c l i c  a romat ics  and aza-arenes der ived  from t h e  benx(a)anthracene skeleton 

have been shown t o  c o n t a i n  s t r o n g  carc iqogenic  a g e n t s ,  l 2  r ' This  compound 

h a s  been c l e a r l y  e s t a b l i s h e d  a s  a c a u s a t i v e  f a c t o r  i n  s k i n  and lung  cancers  

i n  experiment a1 animals  . 

8 . 3 . 5  Carbon Monoxide 

8 . 3 . 5 . 1  Direct Toxic Effect 

Carbon monoxide 1s b e s t  knoyn f o r  i t s  a f f i n i t y  f o r  hemoglobin, w i t h  
. . 

which i t  combines t o  form carboxyhemoglobin (COHb) ; t h i s  compound has  a very  

long  r e s idence  t i m e  i n  the blood. The v iq t im  s u f f e r s  a sphyx ia t ion .  A t  COHb 

l g v e l s  >9.5 t o  mg/m3 i n  t h e  blood f o r  over  e i g h t  hour s ,  persons w i t h  s t a b l e  

coronary a r t e r y  d i s e a s e  (angina p e c t o r i s )  qay start  t o  n o t e  ' increased  f r e -  

quency h d  d u r a t i o n  o f  symptoms; a t .  blood l e v e l s  of 13.1 mg/m3,  excess  dea ths  
i r  ' may odcur  among people '  w i t h  p i e -ex i s t i ng  cardiovasc;lar d i s e a s e .  



The e f f e c t s  o f  lower l e v e l s  of CO i n  o the rwi se  h e a l t h y  persons is  n o t  
. . well-defined . 

8.3.6 Particulates (Including ,Trace Elements) 

A s i g n i f i c a n t  p o r t i o n , o f  t h e  combustion products  from c o a l  i s  i n  t h e  

form o f  p a r t i c u l a t e s .  Microscopic s o l i d  p a r t i c l e s  and l i q u i d  d r o p l e t s  a r e  

t h e  r e s u l t  o f  processes  t h a t  t ake  p l a c e  dur ing  and a f t e r .  combustion. Although 

t h e  s i z e  range given f o r  atmospheric p a r t i c u l a t e s  extends from about  0.005- 

500 p ,  most p a r t i c u l a t e s  from coa l  combustion appear  i n  a  more l i m i t e d  range.  

Most are 0.01-10 p d iameters .  Because t h i s  range b r a c k e t s  t h e  s i z e  de f ined  f o r  

r e s p i r a b l e  p a r t i c l e s ,  t h e  p a r t i c u l a t e s  a r e  a  major p o s s i b l e  hazard t o  human 

h e a l t h  . 
Mechanical procedures can reduce t h e  c o a l  i t s e l f  o r  t h e  a s h  t o  par- 

t i c l e s  on t h e  o rde r  of s e v e r a l  micrometers i n  diameter .  During combustion 

t h e  c o n s t i t u e n t s  of c o a l  can vapor ize  and l a t e r  condense, o r  a  f i n e  a s h  can  

b e  produced wi th  p a r t i c l e s  0  .l-1 p.. P a r t i a l .  combustion can r e s u l t  i n  t h e  

formation of s o o t  p a r t i c l e s  0.01-1 p i n  diameter .  The energy a v a i l a b l e  from 

combustion can a l s o  be r e spons ib l e  f o r  t h e  formation of condensat ion n u c l e i  

0 .01 i n  diameter .  The processes  s t a t e d  above g i v e  rise t o  primary p a r t i -  

c u l a t e s ,  t h e  r e s u l t s  of d i r e c t  i n t e r a c t i o n s  dur ing  combustion. Secondary 

p a r t i c u l a t e s  can be  formed from t h e  post-combustion i n t e r a c t i o n s  of gaseous 

products  and s u n l i g h t .  S u l f a t e s ,  n i t r a t e s ,  and hydrocarbons u s u a l l y  r e s u l t  

from photochemical r e a c t i o n s .  The s i z e  of t h e s e  p a r t i c l e s  i s  0.01-1 P . 1 5  

V i r t u a l l y  dl of  t h e  n a t u r a l l y  occu r r ing  elements  can b e  found i n  

c o d .  Their  emission depends on t h e i r  chemical form b e f o r e  combustion and 

on t h e i r  v o l a t i l i t y .  9 

Most elements i n  c o a l ,  o t h e r  than  carbon, a r e  i n  t h e  form of alumino- 

s i l i c a t e s ,  inorganic  s u l f i d e s ,  and o rgan ic  complexes. During combus t i o n ,  t h e  

s u l f i d e s  and o rgan ic  compounds are decomposed t o  produce SO2 and o t h e r  ox ides  

and o t h e r  chemical s p e c i e s  o f  varying v o l a t i l i t y .  The a l u m i n o s i l i c a t e s  have 

very h igh  vapor i za t ion  temperatures;  and t.end, t h e r e f o r e ,  t o  s u r v i v e  more o r  

less i n t a c t  a s  f l y  ash and s l a g .  1 6  

Many of t h e  elements  and compounds t h a t  v o l a t i l i z e  and adsorb on par- 

t i c u l a t e s  a r e  known t o  have adve r se  e f  f  ecf s on human h e a l t h ;  ' :! o*e o f  t h e  most 



i n t e r e s t i n g  is SO2. When adsorbed on such su r faces ,  SO2 i s  o f t e n  transformed 

i n t o  SOs and t h e  s u l f a t e  i o n  f a r  more read i ly  than i t  is  i n  the  gaseous state, 

and i n  the  presence of h igh humidity (and poss ib ly  hygroscopic p a r t i c l e s )  

a e r o s o l s  of s u l f u r i c  ac id  o r  o the r  ac id  s u l f a t e s  may form. P a r t i c l e s  con- 

t a i n i n g  vanadium a r e  p a r t i c u l a r l y  l i k e l y  t o  ca ta lyze  t h i s  r eac t ion .  

8.3.6.1 Mechanisms of Action 

The poss ib le  e f f e c t s  of p a r t i c u l a t e  emissions on human h e a l t h  a r e  de- 

termined by t h r e e  f a c t o r s ;  t h e  composition of t h e  p a r t i c u l a t e s ,  t h e i r  s i z e ,  

and t h e  amount of t i m e  they spend i n  contac t  with s e n s i t i v e  t i s s u e s .  

The lungs a r e  the major ruuLe uf entxy f o r  t o x i c  a i rborne  p a r t i c u l a t e s .  

The p r o b a b i l i t y  of p a r t i c l e  deposi t ion  and t h e  anatomical p o s i t i o n  of t h e  

r e s p i r a t o r y  system i n  which deposi t ion  occurs depend pr imar i ly  on p a r t i c l e  

s i z e .  P a r t i c l e s  less than about 0.01 p i n  diameter tend t o  behave . l ike  gases 

and genera l ly  do not  deposi t  a t  a l l .  P a r t i c l e s  with diameters of 0.01-1 p 

a r e  predominantly deposi ted i n  the  a l v e o l a r  o r  pulmonary region. Larger par- 

ticles show a g r e a t e r  tendency t o  deposi t  i n  the  nasopharyngeal and tracheo- 

b ronch ia l  regions.  

- M o s t a i m a y s a r e l i n e d w i t h c i l i a t e d a n d m u c u s - s e c r e t i n g c e l l s t h a t  

t r a p  impacted p a r t i c l e s  and move them; aided by t h e  cough r e f l e x ,  t o  t h e  

pharynx, from where they are swallowed o r  expectorated.  The e x t r a c t i o n  of 

many t o x i c  substances from such p a r t i c l e s  is i n h i b i t e d  by t h e  ~uucus l a y e r  i n  

t h e  bronchia l  t r e e  and may, the re fo re ,  t ake  p lace  i n  the  stomach, where their  

res idence  t i m e  is  r e l a t i v e l y  s h o r t .  somi s t u d i e s ,  however, have shown a 

p o s i t i v e  c o r r e l a t i o n  between particulate~concentrations i n  a i r  and stomach , 

cancer.  9 

The su r face  of t h e  a l v e o l i  must be k e p t ~ c l e a r  of deposi ted mat ter  t o  

al low f o r  e f f i c i e n t  gas exchange. Phagocytosis by a l v e o l a r  macrophage c e l l s  

is t h e  p r i n c i p l e  c learance  mechanism of t h i w a r e a .  Inso lub le  p a r t i c l e s  o r  

ae roso l  d rop le t s  a r e  engulfed .by ' a lveo la r  macrophage ce l l s . .  The c e l l . a n d  

p a r t i c l e  may then migrate e i t h e r  t o  t h e  c i l i a t e d  epi the l ium of t h e  t e r m i n a l  

bronchioles ,  t h e r e  t o  be swept out  of t h e  system by muco-ciliary a c t i o n  o r  

pass  through t h e  a l v e o l a r  .membrane and e n t e r  t h e  lymphatic system. I f  t h e  

deposi ted p a r t i c l e  is so lub le  in ,  t h e  t i s s u e  f l u i d  on the  s u r f a c e  of t h e  a l -  

v e o l i ,  .it can be read i ly  adsorbed i n t o  the  bloodstream. 



The rates a t  which p a r t i c l e s  are c l e a r e d  from t h e  pulmonary a r e a s  

vary. For p a r t i c l e s  t h a t  a r e  engulfed by macrophage c e l l s  and c a r r i e d  t o  t h e  

c i l i a t e d  ep i the l ium o r  lymphatic system, t h e  r e s idence  h a l f - l i f e  is  two t o  

s i x  weeks. I f  t h e  macrophage does n o t  immediately c l e a r  t h e  f o r e i g n  p a r t i c l e ,  

i t  may become seques te red  i n  t h e  lung. I n  t h i s  cond i t i on ,  t h e  r e s idence  

h a l f - l i f e  rises t o  s e v e r a l  months o r  y e a r s  and t h e  c l ea rance  rate w i l l  depend 

upon p a r t i c l e  s o l u b i l i t y .  ' 

A cy to tox ic  m a t e r i a l  can in f luence  i t s  own r a t e  of c l ea rance  i n  s e v e r a l  

ways. Such a subs tance  can damage o r  des t roy  t h e  phagocyte, thereby  d i r e c t l y  

reducing macrophage a c t i o n .  T i s sue  r e a c t  i on  t o  a  s eques t e red  p a r t i c l e  can 

r e s u l t  i n  t h e  p rog res s ive  seg rega t ion  of t h e  f o r e i g n  body behind a  mass of 

f i b r o u s  m a t e r i a l ,  making removal more d i f f i c u l t  . Formation of  s i l i c o t i c  

nodules  is  an  example o f  t h e  la t ter  type  of  r e a c t i o n .  1 8  

The t o x i c  e f f e c t  produced by r e s p i r a b l e , p a r t i c l e s  depends on t h e  

chemical s p e c i e s  t h a t  they  conta in .  Small p a r t i c l e s  are gene ra l ly  more 

t o x i c  t han  l a r g e  ones.  ' Submicron f ly-ash  p a r t i c l e s  a r e  a  double t h r e a t  t o  

human h e a l t h .  Not only do t h e s e  p a r t i c l e s  reach t h e  pulmonary reg ion  of t h e  

lung and remain t h e r e  f o r  extended pe r iods  of t ime,  b u t  they  a l s o  can d e l i v e r  

h igh  concen t r a t ions  o f  some of t h e  e f f l u e n t s  a s  t h e  r e s u l t  of abso rp t ion  (see. 

Sec. 8.3.6.1). A d e t a i l e d  breakdown of  t h e  known e f f e c t s  t h a t  might b e  

a t t r i b u t e d  t o  each of  t h e  i n d i v i d u a l  components would tend t o  b e  r e p e t i t i v e .  

We, t h e r e f o r e ,  p re sen t  only a b r i e f  l ist  of t h e  expected major e f f e c t s  and 

t h e  important c o n t r i b u t o r s  i n  each. 

Irri.tant E f f e c t  

By adsorbing SOz and o t h e r  i r r i t a n t  gases  and vapors ,  r e s p i r a b l e  

p a r t i c u l a t e s  magnify t h e i r  e f f e c t s  through hold ing  h igh  concen t r a t ions  of  

t h e s e  i r r i t a n t s  c l o s e  t o  s e n s i t i v e  t i s s u e s  f o r  long pe r iods .  

The s u l f a t e  ion ,  o f t e n  a s s o c i a t e d  w i t h  small p a r t i c l e s  and a e r o s o l s ,  

appears  t o  b e  a f a r  more po ten t  i r r i t a n t  t'han any of t h e  o t h e r s  d i scussed  

here .  Th i s  potency is  probably due i n  p a r t  t o  t h e  f a c t  t h a t  t h e  ion  forms 

a very s t r o n g  and r e a c t i v e  a c i d  and i s  s o  s t r o n g l y  a s s o c i a t e d  w i t h  p a r t i c u -  

l a t  es , 2 



The c a t i o n s  of t h e  s u l f a t e  compounds have important  e f f e c t s  on 

i r r i t a n t  potency. ' Pure  s u l f u r i c  a c i d  (HnSOi+) and f e r r i c  ammonium s u l f a t e .  

(FE(NH~)sOI are t h e  most po ten t  forms. Other i o n s  tend  t o  be  weaker i n  pro- ) 
p o r t i o n  t o  t h e i r  a c i d i t y .  

Most p a r t i c l e s  conta in ing  s i l i c a  can, i f  they become permanently 

seques te red  i n  t h e  lung ,  induce va r ious  forms of  f i b r o t i c  lung d i s e a s e ,  such 

as s i l i c o s i s  and pneumoconiosis. I n  t h e  amounts l i k e l y  t o  b e  prd'duced by 

power p l a n t s ,  however, t h i s  e f f e c t  is probably unimportant.  

Carcinogenic E f f e c t  

P a r t i c u l a t e s  a c t  as c a r r i e r s  of many t r a c e  elements  and hydrocarbons 

i n  t h e  e f f l u e n t  stream. Nickel ( a s  n i c k e l  carbonyl)  , chromium, ( e s p e c i a l l y  

as chromic t r i o x i d e )  , bery l l ium,  and a r s e n i c  have been impl ica ted  .as  c a r c i -  

nogens. Many o rgan ic  p a r t i c u l a t e s  c o n t a i n . t h e  known carcinogen benzo(a)pyrene 

and r e l a t e d  compounds. 

D i rec t  Toxic E f f e c t s  

Lead, t e l l u r i u m ,  mercury, a r s e n i c ,  selenium, n i c k e l ,  chromium, and 

vanadium a r e  a l l  known t o  be h i g h l y  toxic. ,  2 0  with,many having a s p e c i a l  

p ropens i ty  f o r  c e l l u l a r  depos i t i on  and r e t e n t i o n .  These elements  can i n t e r -  

f e r e  w i th  and d i s r u p t  t h e  func t ion  of t h e  c e n t r a l  nervous system and o t h e r  

organ systems o f  t h e  body un re l a t ed  t o  t h e  r e s p i r a t o r y  system. 

8.4 QURNTITATIVE ESTIMATES OF RISK 

Much i s  known about  t he  q u a l i t a t i v e  e f f e c t s  of many of t h e  subs t ances  

found i n  coa l - r e l a t ed  subs tances  i n  t h e  pu re  s t a t e .  Most of t h i s  in format ion  

is  based on shor t - te rm d a t a  a t  r e l a t i v e l y  h igh  exposures .  Proper ly  measured 

dose-response d a t a  f o r  long-term exposures ro rkese s u b s L a ~ ~ c s s  at real i s t ic  

l e v e l s  and combinations a r e  l ack ing .  Dose-response func t ions  f o r  combina- 

t i o n s  of  subs tances  broadly similar i n  c u ~ u p u s i ~ i u l ~  LO c o d  e f f l u e n t s  may, 

however, be developed f o r  m o r t a l i t y  and poss ib ly  f o r  some types  o f  d i s e a s e  

inc idence  o r  d i s a b i l i t y  from t h e  a v a i l a b l e  epidemiological  l i t e r a t u r e .  

This  i s  an a p p l i c a t i o n ,  however, f o r  which most of t h e s e  d a t a  a r e  n o t  w e l l  

s u i t e d .  I n  many of  t h s e  s t u d i e s ,  t h e  exposure term w a s ' n o t  w e l l  r e l a t e d  t o  

i n d i v i d u a l s ,  nor  i n  many cases  is  t h e  previous h i s t o r y  of t h e  popu la t ion ' s  

exposure to  confounding f a c t o r s  w e l l  c o n t r o l l e d .  



I n  t h e  cu r ren t  l i t e r a t u r e  the re  a r e  s e v e r a l  e f f o r t s  a t  der iv ing res- 

ponse funct ions  t o  a i r  po l lu t ion .  S u p e r f i c i a l l y ,  t h e  v a r i a t i o n s  in the  , ' 
r e s u l t s  seem t o  cover o rde r s  of magnitude. However, many of the  d i spa r i -  

ties can be accounted f o r ,  by t h e  varying, age and sex d i s t r i b u t i o n s  used i n  

the  s t u d i e s 2 2  o r  by reasonable es t imate  of the '  inherent  s t a t i s t i c a l  e r r o r s  t o  

be expected ,23 so  t h a t  the  a c t u a l  v a r i a t i o n  in t h e  implicat ions of these  

s t u d i e s  in terms of human h e a l t h  probably vary wi th in  a much. narrower range. 

Addit ional  confusion has o f t en  r e s u l t e d  from t h e  types of v a r i a t i o n s  being 

s tudied .  S tudies  concentrat ing on short-term ( d a i l y  o r  weekly) f l u c t u a t i o n s  

in a i r -po l lu t ion  l e v e l s  and measures of h e a l t h  s t a t u s  may show d i f f e r e n t  

e f f e c t s  a t  given l e v e l s  of exposure than w i l l  s t u d i e s  in which the  exposure 

and h e a l t h  e f f e c t s  indexes a r e  averaged over  a year  o r  more. In  the  former 

, case ,  an acu te  e f f e c t  in a person already in impaired h e a l t h  is being mea- 

sured;  in the  l a t t e r  case,  the  a c t u a l  degree of development of impaired 

h e a l t h  in the  t o t a l  population is being measured. The s t u d i e s  of Love and , 

~ e s k i n , '  and' winkels te in ,  f o r  example, a r e  based on mor ta l i ty  in t h e  study 

a reas  a s  a funct ion  of the  exposure t o  t h e  annual average of the  po l lu t ion  

exposure, which can be  assumed t o  i n d i c a t e  t h e  exposure of t h a t  population of 

most of i ts  re levan t  h i s  tory .  S tudies  such a s  those done i n  the  EPA  CHESS^ * 

program, on t h e  o t h e r  hand, concentrate on day-to-day v a r i a t i o n s  in exposure. 

While remaining acu te ly  aware t h a t  e x i s t i n g  dose-response funct ions  

a r e  in a very prel iminary s t a g e ,  i t  is i n s t r u c t i v e  f o r  def in ing p o t e n t i a l l y  

s i g n i f i c a n t  h e a l t h  e f f e c t s  t o  compare the  projec ted  a i r -qua l i ty  impacts from 

Sec. 7.0 with e x i s t i n g  models. For t h i s  purpose hea l th -e f fec t s  funct ions  

r e l a t e d  t o  s u l f a t e  concentra t ions  a r e  reproduced i n . T a b l e  8.1. These fun- 

c t i o n s  a r e  based on a r ecen t ly  published repor t  descr ib ing funct ions  used by . 

EPA researchers  in a computerized uodel. A s  an example, t h e  threshold  of 

10 pg/m3 s u l f a t e  f o r  incidence of chronic r e s p i r a t o r y  d i s e a s e  f o r  non-smokers 

is cur ren t ly  exceeded in the  populous Northeastern U.S., a s  is shown in Fig.  

7.13, Sec. 7.0. Further  comparing t h e  impact of 0.5-1.5 pg/m3 s u l f a t e  i n  t h e  

nor theas t  from t h e  I l l i n o i s  emissions i n  t h e  High Coal Scenario (Fig. 7.12, 

Sec. 7.0) and the  dose response f o r  chronic r e s p i r a t o r y  d i sease  df 134% per  

10 pg/m3 f o r  non-smokers ind ica tes  a s i g n i f i c a n t  p o t e n t i a l  h e a l t h  e f f e c t .  

These ca lcu la t ions  cannot be considered q u a n t i t a t i v e  es t imates  of e f f e c t s ,  

b u t  they do i n d i c a t e  q u a l i t a t i v e l y  a high p r i o r i t y  f o r  f u r t h e r  , r e sea rch  t o  

de f ine  these  e f f e c t s .  



Table 8.1.  Heal th .Impacts of S u l f a t e  ~ e r o s o l *  

Assumed Basel ine Po l lu t zn  t E f f e c t  of Inc rease  as 
Frequency of Concentrat ion % of Base l ine  per  
Disorder  wi th in  . Threshold P o l l u t a n t  Unit Above 

Heal th E f f e c t  Populat ion a t  Risk Populat ion a t  Risk For Effe-zt Threshold 

Mor ta l i t y  To ta l  Populat ion Daily dea th  r a t e  of 25 pg/n3 f o r  2.5% per  10  '~g /m '  
2.58 pe r  100,000 one day o r  

more 

Aggravation of 
Heart and Lung 
Disease i n  
Elder ly  . , 

Aggravation of 
As t hma 

Lower Respi ra tory  
Disease in 
Children 

The prevalence of  One o u t  of f i v e  of ' 9 pg/m2 For 14.1% p e r  10  pg/m3 
chronic  h e a r t  and populat ion a t  r i s k  one day o r  
lung  d i s e a s e  among complain of sympton more 
t h e  11% of t h e  aggravat ion on any 
populat ion o l d e r  given day 
than 65 yea r s  i s  27% 

The prevalence of One o u t  of 50 6 pg/m"or 33.5% per  1 0  pg/m3 
asthma i n  t h e  as thmat ics  experiences one day o r  
genera l  population. an a t t a c k  'each day more 
i s  3% 

* ~ 

A l l  ch i ld ren  in t h e  50% o'f ch i ld ren  have 1 3  pg/rn3 f o r  76.9% per  10 pg/m3 
populat ion o r  23.5% one a t t a c k  per  year  s e v e r a l  years  . . 

of populat ion 

Chronic Respi ra tory  
Disease 

Non-Smokers 62% of populat ion 2% prevalence 10  wg/G3 f o r  134% p e r  1 0  pg/m3 
age 21 o r  o l d e r  s e v e r a l  years  

Smokers 38% of populat ion 10% prevalence 1 5  yg/m3 f o r  73.8% per  1 0  pg/m3 
age  21 o r  o rde r  s e v e r a l  years  
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Mode2 Used i n  CaZcuZating EZectAeity Demand 
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Model Used i n  ' ~ a Z c u Z a t i n g  E l e c t r i c i t y  Demand 

!The models were es t imated  'from pooled,  c ros s - sec t iona l ,  t ime-ser ies  

da ta .  :Diffesent time spans were used i n  e s t ima t ing  t h e  models. The indus7 

t r ia l  model is based on 1962-1973 wi th  t h e  dummy v a r i a b l e  f o r  n a t u r a l  gas  

( t o  account f o r  cu r t a i lmen t s  o f  n a t u r a l  gas) s p e c i f i e d  from 1966-1973 i n  

I l l i n o i s  and 1970-1973 in a l l  o t h e r  s t a t e s  .* For t h e  r e s i d e n t i a l  and commer- 

c i a l  mo,dels, t h e  years  1962-1974 a r e  used wi th  t h e  dummy gas v a r i a b l e  spec i -  

f i ed  from 1970-1974 f o r  a l l  s t a t e s .  

$The r eg res s ion  r e s u l t s  f o r  t h e  r e s i d e n t i a l  model, w i t h  t - s t a t i s t i c s  i n  

parentheses,  a r e :  

l o g  qit = C - 0.3174 l o g  Pic + 0.1896 l o g  Yit + 0.7409 l o g  qit ( t - I ) ,  

where : 

'it 
= average p r i c e  of  e l e c t r i c i t y ;  

= per  c a p i t a  d isposable  income; Y i t  

qit 
= p e r  c a p i t a  e l e c t r i c i t y  consumption i n  per iod  t ;  and 

Constant C= -1.235, -1.206, -1.254, -1.225, -1 .I95 and -1.230, 

r e spec t ive ly  f o r  I l l i n o i s ,  Indiana ,  Michigan, Minne- 

s o t a ,  Ohio and Wisconsin. 

The r eg res s ion  r e s u l t s  f o r  t h e  commercial model a r e :  

l o g  Qit = C -.0.3796 l o g  Pit + 0.03251 l o g  git + 0.3929 l o g  Zit 

(3.24) . (0.35) (3.84) 

+ 0.6003 . . l o g  Qi ( t-1) , 

where : 

'it 
= average p r i c e  of n a t u r a l .  gas ; 

z i t  
= t o t a l  d i sposab le  income; 

- .  

*Data f o r  va lue  added f o r  manufacturing a r e  n o t  a v a i l a b l e  f o r  1974. 



Qit 
= t o t a l  e l e c t r i c i t y  consumption i n ' p e r i o d  t; and 

Constant C= -0.941', -1.024, -1.034, -0.998, -1.078 and -0.997 

r e s p e c t i v e l y  f o r  I l l i n o i s ,  Ind iana ,  Michigan, 

M-esota, Ohio and Wisconsin. 

The r e s u l t s  f o r  t h e  i n d u s t r i a l  model a r e :  

. l o g  Qit = C - 0.2568 1.08 Pit +'0.02516 ' log'git  

+ 0.7732' l o g  Vit + 0.5495 l o g  Qi . ( t -11,  . 

where : 

'it 
= v a l u e  added f o r  manufacturing; and 

C = -7.223, -6.675, -7.058, -6.879, -6.723 and -6;794, 

r e s p e c t i v e l y  f o r  I l l i n o i s ,  Ind iana ,  Michigan, Minnesota, 

Ohio and Wisconsin. 

The d a t a  f o r  e s t i m a t i n g  t h e  mpdel came from s e v e r a l  s t anda rd  sources .  

S a l e s  and revenues o f  e l e c t r i c i t y  came from t h e  Edison EZectYic Yearbook.' 

S a l e s  and revenues o f  n a t u r a l  gas were taken from A.G.A. Gas D i s -  

posab le  Income and P e r  Cap i t a  Disposable  Income came from t h e  Bureau of  

Economic Analysis  w i t h i n  t h e  Uepartment o t  Commerce. 'l'he Consumer P r i c e  

Indexes and Wholesale P r i c e  Indexes were taken from t h e  "Monthly Labor Review" 

o f  t h e  Bureau o f  Labor S t a t i s t i c s .  Average p r i c e s  were c a l c u l a t e d  f o r  each  

s e c t o r  by d i v i d i n g  e l e c t r i c i t y  o r  n a t u r a l  gas  revenues by t h e i r  r e s p e c t i v e  

sales and d e f l a t i n g  by t h e  a p p r o p r i a t e  p r i c e  index. A l l  e l e c t r i c i t y  p r i c e s  

and q u a n t i t i e s  a r e  s t a t e d  i n  B r i t i s h  thermal  u n i t s ,  w i t h  t h e  conversion of  1 

kwh equal ing  3412. Btu. Popula t ion  is based on  Bureau , o f  Census e s t i m a t e s .  
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APPENDIX B 

Existing EZectricaZ Generation FaciZi'ties i n  the S i x  States 

Figures  B-1 through B-6 show e x i s t i n g  sites in I l l i n o i s ,  Indiana ,  
Michigan, Minnesota, Ohio, and Wisconsin. 
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Fig. B .1 .' Existing Electrical' Gexieration Sites  in I l l ino i s  
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Table C-1. I l l i n o i s  Coal Reserve Base and 1974 Production 
Levels  ( l o 6  tons)  

Reserve Base ' 1974 production2 

County Tota l  Deep (>28 in.) S t r i p  Deep S t r i p  

Adams 
Bond 
Brown 
Bureau 
Calhoun 

Cass 
Chr i s t i an  
Clark 
Clinton 
Coles 

Crawford 
Cumb er land 
Douglas 
Edgar 
Edwards 

Faye t t e  
Frankl in  
Ful ton 
G a l l a t  in 
Greene 

Grundy 
Hamil ton 
Hancock 
Henry 
Jackson 

Je f fe r son  
Je r sey  
Kankakee 
Kno x 
LaSalle  

Lawrence 
Livings ton 
Logan 
McDonough 
McLean 

Macon 
Maco up in 
Madison 
Mar ion 



Table C-1 . (Cont ' d) 

- -- 

Reserve ~ a s e '  1974 Product ioG 

County T o t a l  Deep (>28 i n . )  S t r i p  Deep S t r i p  

Marsha l l  
Menard 
Mercer 
Monroe 
Montgomery 
Morgan 

Moul t r i e  
Peoria 
P e r r y  
PuLuam 
Karidblph 

Rock I s l a n d  
S t ,  C l a i r  
S a l i n e  
Sangmo~l 
Schuyler  

S c o t t  
Shelby 
S t a r k  
Tazewell 
Vermi l l ion  

Wabash 
Warren 
Washington 
Wayne 
White 

W i l l  
Williamson 
Woodford 

TOTAL 



Table C-2. Ind iana  .Coal Reserve ~ a s e  and 1974 Product ion  
Levels  ( l o 6  tons)  . ' 

~ e s  e r v e   as el 1974 product ion2 

County T o t a l  Deep- (>28. i n . )  S t r i p  , Deep S t r i p  

Clay 
Davies 
Dub o is 
Fountain 
Gibson 

Greene 
Knox 
Martin 
Owen 
Parke 

1 0  Pe r ry  1 0  ' .  . O  - - 
P i k e  4 39 245 19  4 0.08 5 - 0  
Posey 721 721 0 - - 
Spencer 19  0 19  0 0.6 
S u l l i v a n  2,238 1,922 31  6 0 3.2 

Vanderb u r  gh 4 51  451 0 - - 
V e r m i l l  ion  553 498 . , 5 5  0 2.8 
Vigo 1,355 1,212 1 4  3 0.06 0 
Warrick 84 6 5 33 313. 0 .  9 .3  

TOTAL 10,622 8,948 1,674 0.14 23.6 

Table  C-3. Michigan Coal Reserve Base and 1974 Product ion  
Levels  ( l o 6  t ons )  

, . 
Reserve Base1 1974 Product ion2  

County T o t a l  Deep (>28 i n . )  : S t r i p  Deep S t  r i p  

Bay 5 6 56  0 - - 
Genes ee 7 7 0 - - 
Huron 6 6 0 - - 

27 27 0 Saginaw - - 
Shiawasee 2 .  . 2 0 - - 

20. . - Tus c o l a  - - 20. . - 0 - 



Table C-4. Ohio Coal Reserve Base .and 1974 Production 
Levels ( l o 6  tons) , 

~ e s e r v e  ~ a s e '  . 1974 production2 

County Tota l  Deep @28 in . )  S t r i p  Deep S t r i p  

1,479 Athens 
Belmon t 4,219 
C a r r o l l  87 7 
Columb inana 876 
Coshocton 35 9 

Gal l  i a  49 3 
Guernsey 1,237 
Harrison 1,745 
Hocking 2 2 1  
Holmes 6 8 

Jackson 354 
Je f fe r son  1,695 
Lawrence 594 
Mahoning 34 2 
Meigs 4 85 

Monroe 
Morgan 
Mus kingum 
Noble 
Perry 

Scioto  
S ta rk  
Tuscarawas 
V i n  ton 
Washington 
Wayne 

TOTAL 

a 
Includes 10.2 mi l l ion  tons auger-mined. 
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APPENDIX D 

LOW-Flow Data b y  River Reaches and Quality ~ tandaxds  for Public 

Water Supply for the IZZinois, ~ o c k ,  and ~ a s k a s k i a  Rivers 
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. . 

, . Table D-1. . Low-Flow Data by R ive r  Reaches . . 

. Water Resource,  . . . . 

. . Counci l  
. . ,Aggregated ~ i v e r  : Midpoint 7-hay/ 10-year 

. . .  . 
Subarea : , River  Reach River  M i l e  'Low Flow, c f s  ' .  . 

. . , _.-. . . . . . . 

: 406 ' ~ a u & e e  1 27 175 . 
\ ' 2 65 160 

Ohio 11 
12 
1 3  
14  
1 5  
1 6  
1 7  

Mus kingum 1 
2 
3 

S c i o t o  1 
2 
3 
4 

Miami 1 
2 
3 
4 

Ohio 9 
10 

Wolf 

Fox 

S t  . Joseph 1 
2 

Grand 1 
2 
3 
4 
5 



Table D-1. (Cont 'd) 

Water Resource . 

Counci l  
Aggregated River  Midpoint 7-day/lO-year 
Subarea R ive r  Reach River  M i l e  Low Flow, c f s  

404 Mus ke gon 1 2 0 660 
. / 

2 5 3  4 50 
3 8 7 30 7 

Kalamazoo 1 2 3  
2 6 8 
3 1 0  5 

Wabash 

Ohio 

S t .  C r o i s  1 
2 

Minnesota 1 
2 
3 
4 

M i s s i s s i p p i  2 2 
23  
24 
25 
2 6 
27 



Table  D-1. ( ~ o n t  'd) 

Water Resource 
Council  

Midpo int 7-day/lO-year Aggregated River  
Subarea R ive r  Reach ~ i v e r  Mile Low Flow, c f s  

- - --- 

Chippewa 1 1 6  
2 4 8 
3 76 
4 109 
5 150 

- Wisconsin 

Rock 

Miss i s s i p p i  1 2  
1 3  
14  
1 5  
1 6  
1 7  

I l l i n o i s  1 
2 
3 
4 
5 
6 

M i s s i s s i p p i  

K a s  ka s  k i a  



Table D-1 . (Con t ' d) 

Water Resource 
Council 
Aggregated River Midpo i n  t 7-day/lO-year 
Subarea River  Reach River M i l e  Low Flow, c f s  

705 Kas kas k i a  

M i s s i s s i p p i  1 
2 
3 
4 
5 
6 



Table D-2. Qua l i t y  Standards f o r  Pub l i c  Water Supplx f o r  
t h e  I l l i n o i s ,  Rock, and Kaskaskia R ive r s  

~ i m i t & ~  Condit ions 
Parameters o r  Concentrat ions 

pH 

P 

D.9. 

Rad ioac t iv i ty  

Feca l  Coliform 
(5 samples/30 day) 

Ag 

so 4 

TDS 

200 per  100 m i  



Table .D-2. ' (Cont 'd) 

Parameters 
Limiting .Conditions 
or concentrations , 

Zn 

CCE 

MBAS 

Oils  

N (NOz, NO31  

TSS 

a IZZinois ~oZ2ution ~ontro2 ~ o a r d  ,Rules and ~eguZations, 
Chapter 3, Water PoZZution: Effective Aug. 14, 1975, En- 
vironmental Reporter, Vol. 766 .  
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APPENDIX E 

Mode2 for Short-Range A i r  QuaZ5ty 

The b a s i c  model used in a l l  of th& short-range ca lcu la t ions  is a 

modified vers ion of t h e  Climatological Dispersion Model (CDM), a model de- 
+ \  

veloped by USEPA f o r  use in ca lcu la t ing  long-term average concentrat ions of 

conservative p o l l u t a n t s ,  p a r t i c u l a r l y  i n  multiple-source app l i ca t ions .  ' . The 

treatment of v e r t i c a l  d ispers ion in CDM is based on t h e  gaussian con- 

cept.  As  such, it  incorporates t h e  following assumptions: (1) t h e  wind' 

ve loc i ty  is constant  in magnitude and d i r e c t i o n  and is  uniform thrqughout 

t h e  e n t i r e  p lanetary  boundary l ayer ;  (2) t h e  emission r a t e  is  constant  over . 

a period equal t o ,  o r  g rea te r  than, t h e  t r a v e l  time from source t o  t h e  f a r t h e s t  . 

receptor  of i n t e r e s t ;  (3)  no mater ia l  i s  removed from. the  plume a t  t h e  su r -  

f ace  of t h e  ground (pe r fec t  reflection-boundary condit ion) . The treatment of 

hor izon ta l  d ispers ion makes use of t h e  narrow-plume approximation and a s s q e s  

i n  e f f e c t  t h a t ,  over a long period,  t h e  'pol lu tant  from a continuously emit t ing  

point  source is, f o r  a given d i s t ance  from t h e  source,  uniformly spread wi th in  

each of 1 6  angular  s e c t o r s  of 22.5O centered on t h e  p r i n c i p a l  compass po in t s .  

T h e  t o t a l  amount of po l lu tan t  emitted over t h e  averaging time of i n t e r e s t  

(e.g., a yea r  o r  a season) is  d i s t r i b u t e d  i n t o  t h e  16 s e c t o r s  according t o  t h e  - 

r e l a t i v e  frequency of wind d i r e c t  ion f a l l i n g ,  wi th in  each s e c t o r .  

I n  o the r  words, CDM adopts a c l imatological  approach t o  determining 

long-term average concentrat ions.  I n  such an approach, a s e t  of meteorolo- 

g i c a l  condit ions i s  i d e n t i f i e d ;  d ispers ion ca lcu la t ions  a r e  c a r r i e d  out f o r  

each member of t h e  set t o  predic t  t h e  po l lu tan t  concentrat ion f o r  t h a t  meteo- 

r o l o g i c a l  s i t u a t i o n  a t  t h e  receptor  of i n t e r e s t ;  then a weighted average is 

determined by using t h e  r e l a t i v e  p r o b a b i l i t i e s  of t h e  var ious  rheteorological 

s i t u a t i o n s  included i n  t h e  set. Spec i f i ca l ly ,  CDM requ i res  t h e  j o i n t  prob- 

a b i l i t i e s  of observing t h e  wind speed i n  one of s i x  d i f f e r e n t  ranges, t h e  

wind d i r e c t i o n  in one of s i x t e e n  s e t o r s  22.5'-wide, and the  atmospheric 

s t a b i l i t y  in one of s i x  d i f f e r e n t  c l asses .  The National  Climatic Center, 

Ashevil le ,  NC,  can supp1.y t h e  necessary da ta  on j o i n t  p robab i l i ty . (nonna l ly .  

c a l l e d  a stabil i ty-wind rose) in prec i se ly  t h e  form required by CDM f o r  any 

of t h e  s t a t i o n s  i n  the i r -network.  F ina l ly ,  CDM can t r e a t  two p o l l u t a n t s  a t  



once, and it crudely al lows f o r  s imulat ion of chemical and physica l  processes 

f o r  p o l l u t a n t  removal i n  terms of an exponential  decay type  of dependence on 

source-receptor t r a v e l  t i m e ,  wi th  d i f f e r e n t  user-specif ied ha l f - l ives  being 

used f o r  the  two p o l l u t a n t s .  

' s e v e r a l  modificat ions were made f o r  our purposes b u t  only two a r e  

. impor tan t  enough t o  mention here.  F i r s t ,  w e  added t h e  c a p a b i l i t y  f o r  cal-  

c u l a t i n g  populat ion dosage. To do t h i s ,  t he  user  supp l i e s  a  l ist  of popu- 

l a t i o n '  cen t ro id  lo 'cat ions together  with t h e  populat ion assoc ia ted  wi th  each; 

then,  a t  each loca t ion ,  the  average concentra t ion  is ca lcu la ted  a s  be fo re  and 

is mul t ip l i ed  by t h e  corresponding population. These products a r e  then summed 

over  a l l  cen t ro ids  t o  ob ta in  a t o t a l  populat ion dosage value.  This value 

rep resen t s  an average over t h e  same period t o  which t h e  concentra t ion  value 

corresponds. I n  the  type of app l i ca t ion  f o r  CDM,'one usual ly  des i res  monthly, 

seasolial ,  o r  annual averages. 

The second s i g n i f i c a n t  modificat ion t h a t  we made i s  adding t h e  capabi- 

l i t y  of descr ib ing simple conversion of one of t h e  two p o l l u t a n t s  i n t o  t h e  

o the r .  The p r i n c i p a l  reason f o r  t h i s  change is  t o  model t h e  conversion of  

s u l f u r  dioxide t o  s u l f a t e  ae roso l .  The conversion was assumed t o  follow f i r s t -  

order  k i n e t i c s ;  t h a t  is ,  the  r a t e  of s u l f a t e  production a t  a po in t  was ass1,lmed 

propor t ional  t o  t h e  s u l f u r  dioxide concentrat ion a t  t h a t  point  and independent 

of any o ther  f a c t o r .  Mathematically, a t  any point  i n  the  plume, t h e  rates 

of removal of SO2 and production of s u l f a t e  ae roso l  a r e  assumed t o  be given by: 

where : 

C 1  and C 2  = t he  mass concentra t ions  of s u l f u r  dioxide 
and s u l f a t e  ion (SO4) , r e spec t ive ly ;  

(-klCl) and (-k3C2) = t h e  r a t e s  of  removal of  SO2 and s u l f a t e  
ae roso l  by some a r b i t r a r y  mechanism; 

3 - 
2 k2C1 - = t h e  r a t e  of production of s u l f a t e  ae roso l  

from SO2, 

kz = t he  e f f e c t i v e  r a t e  constant  f o r  the  process;  
and , 



312 = , the  r a t i o  of t h e  molecular weight of t h e  s u l f a t e  ' 

ion t o  t h a t  of s u l f u r  dioxide.  

When the  removal of SO2 and production of s u l f a t e  ae roso l  a r e  incorporated i n t o  

a gaussian plume model, t h e  e f f e c t  i s . t o  r ep lace  the  SO2 emission r a t e , Q l  by 

Q 1 ( e f f e c t i v e )  , given by: 

Q l ( e f f e c t i i e )  = Qlexp [(Xi + , (3)  

and t o  replace  the  d i r e c t  emission r a t e  f o r  s u l f a t e  ae roso l ,  Q 2 ,  by Q 2  (ef fec-  
. . 

t i v e )  , given by: r -I 
X 

Q2(e f fec t ive )  = Q2 e ' ( 4 )  

where : 

x = t he  downwind d i s t ance  a t  which t h e  con- 
cen t ra t ion  i s  t o .  be evaluated;  and 

u = , the  wind speed. 

I f  kp equals  zero ,  t h e  formulas reduce t o  tho,se already b u i l t  i n t o  CDM. 

I n  a l l  of the  work using t h i s  model, we simulated t h e  e f f e c t  of  dry de- 

pos i t ion  by choosing t h e  values of t h e  parameters k l  and k 3  i n  the  fol lowing 

way. I f  one assumes uniform v e r t i c a l  mixing of a p o l l u t a n t  up t o  a he igh t  H 

( t h e  mixing height )  and a r a t e  of removal of p o l l u t a n t  per  u n i t  a r e a  a t  t h e  

lower boundary equal t o  a constant  v ( t h e  e f f e c t i v e  deposi t ion  ve loc i ty )  t i m e s  

t h e  concentra t ion ,  one e a s i l y  f inds  t h a t  the  concentra t ion  is  given a s  a func- 

t i o n  of t i m e  by: 

C(t)  = C(o) e x p [ ~  -H ( 5) 

One can, the re fo re ,  e s t ima te  reasonable values f o r  k,  and k 3  by d iv id ing  

appropr ia te  values of v by some e f f e c t i v e  mixing he igh t ;  w e  used t h i s  approach 

i n  our  ca lcu la t ions .  

Parameter values used i n  t h i s  s tudy a r e  i n  Table E-1. Although w e  have 

chosen t o  model conversion of SO2 t o  s u l f a t e ,  the  concentrat ion of SO2 t h a t  , ' 

would be ca lcu la ted  by assuming no conversion may be est imated from t h e  pre- 

d ic t ed  SO2 and s u l f a t e  l e v e l s  using Eq. 6: 

(No  conversion) = + 2 C s u l f a t e .  

The d i r e c t  emission r a t e  of s u l f a t e  ae roso l ,  Q2 ,  was assumed t o  b e  zero in all 

ca lcu la t ions .  



Table  E-1. Values of Parameters  f o r  React ion Rates  and Decay 

3 

Rate Constant  (k2) f o r  SO2-SO4 conversion 1 .0  x 10- s e c  - 1 
5 

Rate  Constant  ( k l )  f o r  p h y s i c a l  removal of  SO;! 1.0 x 10- s e c  ' 1 

corresponding t o  depos i t i on  v e l o c i t y  (v) 1.0 cm s e c  

and e f f e c t i v e  mixing h e i g h t  (H) .lo00 m 

Rate Constant  (k3 )  f o r  p h y s i c a l  removal of SO4 1 .0  x s e c  - 1 

corresponding t o  depos i t i on  v e l o c i t y  (v) 0 .1  cm s e c  -' 
and e f f e c t i v e  mixing h e i g h t  (H) 1000 m 

The parameter  va lues  es t imated  f o r  SO2 a r e  reasonably r e p r e s e n t a t i v e  of 

o t h e r  p o l l u t a n t s  emi t t ed  from power p l a n t s  as w e l l ,  and i n  t h e  approximation 

t h a t  they  can b e  taken t o  b e  t h e  same, t h e  r e s u l t s  f o r  s u l f u r  d iox ide  may sim- 

ply  b e  s c a l e d  by t h e  r e l a t i v e  emission r a t e s  t o  o b t a i n  concen t r a t ion  e s t ima te s  

f o r  t h e  o t h e r  p o l l u t a n t s .  This  procedure has  been adopted f o r  t h e  purposes of 

t h i s  i n i t i a l  assessment .  The e r r o r  i ncu r red  by t h i s  procedure is es t imated  t o  

b e  w i t h i n  t h e  range  of u n c e r t a i n t y  of t h e  b a s i c  model i t s e l f .  

E.  1 REPRESENTATIVE ANNUAL IMPACTS OF CONCENTRATION AND DEPOSITION 

Ambient Concent ra t ions  

To i n i t i a l l y  al low a reasonably g e n e r a l  a n a l y s i s  of t h e  impacts on re- 

g i o n a l  a i r  q u a l i t y  of c o a l - f i r e d  power p l a n t s  and g a s i f i c a t i o n  p l a n t s ,  we 

assumed any modeling of  t h e  d i s p e r s i o n  of t h e  emissions shobld n o t  depend on 

mic rosca l e  s i t e  c h a r a c t e r i s t i c s .  The only  d i s t i n c t i o n  made between s i t e s  is 

t h a t  d i f f e r e n t  subregions  w i t h i n  t h e  s i x - s t a t e  a r e a  w i l l ,  in g e n e r a l ,  have 

d i f f e r e n t  s t a b i l i t y - w i n d  r o s e s ,  ambient tempera tures ,  and mixing h e i g h t s .  To 

account  f o r  t h e s e  d i f f e r e n c e s  between sub reg ions ,  t h e  71  subregions  shown in 

Pig .  E-1 have been de f ined ,  each about  100 km2, depending on l a t i t u d e .  A l l  

sites w i t h i n  each of t h e s e  subregions  a r e  cons idered  t o  have i d e n t i c a l  po l lu-  

t a n t  d i s p e r s i o n  p a t t e r n s .  

Any s i t e - s p e c i f i c  f e a t u r e s ,  such a s  complex topography o r  l a r g e  water  

bod ie s ,  would c e r t a i n l y  need t o  b e  taken i n t o  account  f o r  a  d e t a i l e d  a n a l y s i s  

of t h e  d i s p e r s i o n  i n  a g iven  l o c a t i o n .  However, s i t i n g  of  p l a n t s  on a  county 

b a s i s ,  as w a s  done in t h i s  s tudy ,  does n o t  j u s t i f y  t h e  more d e t a i l e d  a n a l y s i s .  



- Fig. E.l Study Area Subregionalization for Computation of Typical 
Air Pollutant Concentrations and Depositions 



Since  a l l  sites w i t h i n  a subregion  a r e  cons idered  t o  have i d e n t i c a l  

d i s p e r s i o n  p a t t e r n s ,  i t  was u s e f u l  t o  gene ra t e  a  s e t  of annual  average con- 

c e n t r a t i o n  i s o p l e t h s  f o r  each subregion  r e fe rence  source .  The r e f e r e n c e  

s o u r c e  used is t h e  3000,NW power p l a n t  w i t h  phys i ca l  c h a r a c t e r i s t i c s  g iven  i n  

Table 2.4 and emissions i n  Table  2.5 (60% load  f a c t o r )  . A s  a  f i r s t  approx- . 

imat ion ,  ambient concen t r a t ions  f o r  d i f f e r e n t  p o l l u t a n t s  a r e  es t imated  by 

use  of  weight ing f a c t o r s  equal  t o  t h e  r a t i o  of emission r a t e s .  Di f fe rences  

i n  rates of d e p o s i t i o n  o r  t ransformat ion  w i l l  i n t roduce  e r r o r s ,  b u t  t h e  mag-' 

n i t u d e  of e r r o r s  is expected t o  b e  w i t h i n  t h e  range of  u n c e r t a i n t y  of t h e  

emission r a t e s  and t h e  b a s i c  model i t s e l f .  The i s o p l e t h s  f o r  t h e  s e l e c t e d  

subregions  shown i n  Fig.  E-1 a r e  shown i n  F ig .  E-2 and t h e  contour  va lues  

f o r  t h e  va r ious  p o l l u t a n t s  a r e  g iven  i n  Table E-2. Table E-2 a l s o  gndicates 

maximum l e v e l s  of annual averages f o r  each of  t h e  p o l l u t a n t s  f o r  t h e  sou the rn  

I l l i n o i s  subregion .  

For t h e s e  i s o p l e t h  maps, any p a t t e r n  of s i t i n g  f o r  one o r  s e v e r a l  such 

sou rces  w i t h i n  t h e  subregion  can b e  considered simply by superimposing t h e  

proper  maps w i t h  t h e  a p p r o p r i a t e  weight ing f a c t o r s  based on emission r a t e s .  

These supe rpos i t i ons  w i l l  i n  theory b e  c o r r e c t  only i f  a l l  f a c i l i t i e s  included 

have phys i ca l  c h a r a c t e r i s  t i c s  g iven  i n  Table 2.4.  However, t h e s e  c h a r a c t e r i s -  

t i c s  of s t a c k  h e i g h t ,  gas temperature,  and volume flow do n o t  g r e a t l y  in-  

f l u e n c e  annual average  concen t r a t ions  s i g n i f i c a n t l y  beyond 1-2 lun from t h e  

source .  A s  a  r e s u l t ,  t h e  i s o p l e t h s  g ive  s u f f i c i e n t  accuracy fn r  n t h e r  Gaci- 

l i t i e s ,  such as g a s i f i c a t i o n  p l a n t s ,  i f  t h e  a p p r o p r i a t e  emission r a t e s  as g iven  

in Tab le  2 . 5  are used. (Short-term maximums a r e  more dependent on phys i ca l  

c h a r a c t e r i s t i c s ,  a s  is d i scussed  i n  S e c t i o n  E-3.) . 
The b a s i c  model used i n  t h e s e  d i s p e r s i o n  c a l c u l a t i o n s  i s  a  modified 

v e r s i o n  of t h e  Cl imato logica l  Dispers ion  Model (CDM) developed by the IJS &PA . . 

The mod i f i ca t ions  inc luded ,  f i r s t  of a l l ,  a  r o u t i n e  f o r  computing t h e  popula t ion  

exposure,  based on user- input  popula t ions  a t  s p e c i f i e d  c e n t r o i d s .  The second 

mod i f i ca t ion  w a s  a  s i m p l i f i e d  s imu la t ion  of t h e  t ransformat  ion from one pol lu-  

t a n t  t o  another  and t h e  removal of both t h e  primary t ransformed p o l l u t a n t  by 

d e p o s i t  i on  and o t h e r  p h y s i c a l  processes  . Transfo mat ion  and removal were 

assumed t o  occur  a t  a  rate p ropor t iona l  t o  t h e  concen t r a t ion  of t h e  r e s p e c t i v e  

p o l l u t a n t s .  The p r i n c i p a l  mot iva t ion  f o r  t h i s  l a t t e r  mod i f i ca t ion  was t o  

s i m u l a t e  t h e  conversion of  s u l f u r  d i o x i d e  (SO;) t o  t h e  s u l f a t e  a e r o s o l  (SOs) . 
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Table  E-2. Annual Awerage Concentrat ions a t  I s o p l e t h s  and Local  Maximum f o r  3000 .MW 
Reference Source i n  Se l ec t ed  Subregions (Fig.  7 . 4 ) .  

Concentrat ion,  pg/m3 

I s o p l e t h  No. 

P o l l u t a n t  1 2 3 4  5 - S .  Ill. Max. 

Nox 
P a r t i c u l a t e s  

CO 

a 
(-1) denotes  x 10  , et: . 



For t h i s  ana lys i s  a  oonvexsion: rate, Son. t o  SOs, of 1.0 x 1 0 - ~ / s e c  was u ~ e d ,  
' 6 along wi th  removal r a t e s  of SOz and SOII of 1 . 0  x 10 / sec ,  r e spec t ive ly .  

One of t h e  opt ions  f o r  f u t u r e  f a c i l i t i e s  f o r  electr ic-power genera t ion  

is c l u s t e r i n g  s e v e r a l  generat ing u n i t s  r e l a t i v e l y ' c l o s e  t o  each o t h e r ,  t o  

achieve c e r t a i n  economies. One such p a t t e r n  considered i n  t h e  GE r e p o r t ' i s  

shown i n  Fig. E-3. I n  t h i s  p a t t e r n ,  twelve 300C MW f a c i l i t i e s  a r e  loSated 

*\ w i t h i n  a  36-m (93-km).area. Examining t h e  impact pn a i r  q u a l i t y  of t h i s  s i t i n g  

p a t t e r n  required only r e f e r r i n g  t o  the  ca lcu la t ions  f o r  the  reference  po in t  

source  and superimposing those r e s u l t s  appropr ia te ly  t o  s imula te  t h e  t o t a l  

e f f e c t  of  a l l  sources being considered. The r e s u l t i n g  annual average con- 

tours  a t  60% load f a c t o r  f o r  Fig. E-4 and t h e  contour values f o r  var ious  p611u- 

t a n t s  a r e  given i n  Table E-3. . . 

Deposition Rates 

An important aspect  of  impacts of a i r  p o l l u t a n t s  on ecosystems is de- 

pos i t ion  of  these  p o l l u t a n t s  on t h e  surrounding t e r r a i n ,  where they become 

a v a i l a b l e  f o r  uptake i n t o  those  systems. Presented h e r e  a r e  est imated based 

on a  f i r s t - o r d e r  approximation of  a  p o l l u t a n t  deposi t ion  r a t e  given by t h e  

ambient concentrat ions supplied i n  t h e  previous s e c t i o n  times a p r o p o r t i o n a l i t y  

cons tant  c a l l e d  t h e  deposi t ion  ve loc i ty .  Except f o r  mercury and f luor ine ,  t h e  

t r a c e  elements l i s t e d  i n  Table 2.3 l e a v e  t h e  s t a c k  pr imar i ly  a s ' p a r t i c u l a t e s ;  

thus ,  t h e  following es t imates  of p a r t i c u l a t e  deposi t ion  can a l s o  b e  used t o  

e s t ima te  deposi t ion  of these  elements. 

The r a t e  of p a r t i c l e  deposi t ion  i s  dependent on p a r t i c l e  s i z e .  For an 

e l e c t r o s t a t i c  p r e c i p i t a t o r ,  the  c o l l e c t i o n  e f f i c i ency  a s  a  funct ion  of  par- 

t i c l e  s i z e  can be  approximated by 

P a r t  i c l  e 

Size ,  pm 

0 -5 

5  -10 

Col lec t  ion  

Eff ic iency,  % 

72 . 

9 5 

. . 
I f  f u t u r e  power have e l e c t r o s t a t i c  p r e c i p i t a t o r s '  o r  o the r  . . 

con t ro l  devices more e f f i c i e n t  in removing l a r g e r  p a r t i c l e s ,  i t  can b e  

assuined t h a t  t h e  emit ted p a r t i c l e s  are under 5pm. For deposi t ion  over g rass ,  





Fig. E . 4  Annual Average Air Pollutant Isopleths fo'r Clustered 
Reference Sources in Southern I l l i n o i s  



Table E-3. Annual Average Concentrat ions a t  I sop le ths  and Local Maximum f o r  C lus t e r  
of  Twelve 3000-MW Reference Sources in Southern I l l i n o i s  (F ig .  7.6) 

. . 

- - - - 

Concentrat ion,  pg/m3 

I s o p l e t h  No. 

P o l l u t a n t  1 2 3 4 5 Maximum 

so 2 

Nox 
P a r t i c u l a t e s  

co 

a 
(-1) den0 tes x lo-' , e t c .  



t h e  deposi t ion  ve loc i ty  has been estimated t o  vary from 0.03 cm/s f o r  0.05-pm 

p a r t i c l e s  and 0.3 cm/s f o r  5-pm p a r t i c l e s . 2  For deposi t ion  over p l a n t s  more 

than one m i n  he igh t ,  (e.g., bushes and shrubbery) t h e  deposi t ion  v e l o c i t y  

inc reases  by a f a c t o r  of 5 t o  10. I n  t h e  following a n a l y s i s  t h e  va lue  of  

0.3 cm/s is assumed. Clearly t h e  v a r i a t i o n  i n  p a r t i c l e  s i z e  and t e r r a i n  

cover, i n  a d d i t i o n  t o  t h e  crude modeling approach, makes t h e  results only 

rough approximations. However, t h e s e  results should b e  adequate t o  i n d i c a t e  

p o t e n t i a l  problem a reas  worth f u r t h e r  d e t a i l e d  a n a l y s i s ;  t h i s  i n d i c a t i o n  is  

a primary ob jec t ive  of  t h i s  i n i t i a l  s tudy.  

With t h i s  s t ra ight forward  approach, t h e  concentra t ion  i s o p l e t h s  given 

i n  Figs. E-2 and E-4 f o r  the  s i n g l e  and c l u s t e r e d  f a c i l i t i e s  a r e  a l s o  es t ima tes  

of  deposi t ion  i sop le ths .  The t o t a l  deposi t ion  over a one-year pe r iod  a t  t h e  

contours and l o c a l  maximum determined from 0.3 cm/s deposi t ion  v e l o c i t y  f o r  

p a r t i c l e s  and t h e  1.0 cm/s f o r  gases,  i s  given i n  Tables E-4 and E-5. 

Because o f  t h e  many u n c e r t a i n t i e s  i n  t h e s e  es t imates ,  an evaluat ion  of  

p o t e n t i a l  impacts should consider  an inc rease  o r  decrease of these  values by an 

o rde r  of magnitude a s  being poss ib le  i n  t h e  a c t u a l  deposi t ions .  

E.  2 SHORT-TERM MAXIMUM CONCENTRATIONS 

Estimates of short-term maximum concentra t ions  a s  presented h e r e  a r e  

based pr imar i ly  on r e s u l t s  of  t h e  GE study a s  adjus ted  f o r  t h e  emissions from 

t h e  s tandard  3000-MW e l e c t r i c a l  genera t ion  and t h e  250 x l o 6  s c f  /day g a s i f i -  

c a t i o n  f a c i l i t i e s  . This s tudy made use  of t h e  EPA PTMTP model, which i s  ' 
' 

b a s i c a l l y  a coning-plus-trapping model wi th  gaus s i a n  d i f f u s i o n ,  Pasqu i l l -  

Gifford d i spe r s ion  parameters, and a Briggs plume-rise formula. The 

t a n t s  a r e  assumed conservative,  wi th  no i n t e r f e r e n c e  from topographical  

f e a t u r e s .  The p l a n t  c h a r a c t e r i s t i c s  a r e  given i n  Table 2-4. A 1000-m mixing 

height  is assumed. 

Maximum concentra t ions  f o r  15-min averaging times a r e  obta ined under 

t h e s e  condi t ions  f o r  atmospheric s t a b i l i t y  c l a s s  A and a 5 m / s  wind speed. 

When t h e s e  condi t ions  a r e  combined wi th  t h e  assumption t h a t  t h e  p l a n t  i s  

opera t ing  a t  f u l l  capaci ty ,  t h e  t h e o r e t i c a l  maximum concentra t ion  is  obtained.  

However, t h e s e  meteorological  condi t ions  a r e  expected t o  occur only  few hours 

annually,  and it is very un l ike ly  t h a t  these  condi t ions  w i l l  occur simultaneously 



Fig. E.5 Maximum Short-Term Concentration Isopleths for 
a 3000-MW Reference Source 



Table  E-4. Annual Deposi t ions a t  I s o p l e t h s  and Loca l  Maximum f o r  3000 Reference 
Sources  in S e l e c t e d  Subregions (Fig.  7.4). 

P o l l u t a n t  

Depos i t ions ,  g / m 2 / y r  

I s o p l e t h  No. 

1 2 3 4 5 S .  Ill. Max. 

9 3 2 .  

Nox 
P a r t i c u l a t e s  

co 

a 
(-1) denotes  x lo-' ,  e t c .  



Table E-5. -4nnual Deposi t ions a t  I s o p l e t h s  and Local  Maxiuun f o r  C lus t e r  of 
12 3000, MM Reference Sources in Southern I l l i n c i s  (Fig. 7.6) 

Deposi t ions,  g/m2/yr 

I s o p l e t h  No. 

P o l l u t a n t  1 2 3 4 5 Maximum 

so 2 5.37 4.30 3.60 2.15 1.07 .6.07 

NO 
X 

3.14 2.51 1.88 1.26 6 .27 ( -1 )  3.53 

P a r t i c u l a t e s  1.34 (-1) a 1.07 (-1) 8.05 (-2) 5.37 (-2) 2.69 (-2) 1.51 (-1) 

a 
(-1) denotes  x lo-", e t c .  



wi th  p l a n t  ope ra t ion  a t  f u l l  capac i ty  i f  t h e  annual l o a d  f a c t o r  is . a  maximum 

. ' of 60%. Therefore,  t h e  emissions f o r '  t h e  average  60% l o a d  as g iveq  i n  Sec. 

2.5 were used w i t h  expec ta t ions  of more r e a l i s t i c  e s t ima te s  of maximum v a l u p .  

A s  i nd ica t ed  above, cond i t i ons  t h a t  produce t h e  e s t ima ted  maximum con- 
. . 

c e n t r a t i o n s  occur  very  inf . requent ly ,  and i n  f a c t  may no t  occur  a t  a l l .  To . .. 

i l l u s t r a t e  t h e  imp l i ca t ions  of t he  nonoccurrence of t h e s e  cond i t j ons ,  Table 

E-6 compares t h e  pro jec ted  maximum 24-hr concent ra t ionq  w i t h  s t a b i l i t y  c l a s s  

A a t  wind speeds of 5.0 and 2.5 m / s  a t  l oad  f a c t o r s  of  60 and 100%. The 

lower wind speed r e s u l t s  i n  lower concen t r a t ions  (because of g r e a t e r  p l q e  

r i s e ) ;  and t h e s e  are more l i k e l y  t o  occur .  U n c e r t a i n t i e s  i n  me te ro log ica l  

cond i t i ons  t h a t  g i v e  maximum concen t r a t ions  a l s o  app ly  t o  t r a c e  elements;  

however, t h e  u n c e r t a i n t i e s  i n  emission r a t e s ,  perhaps as b$gh 'as  a n  o rde r  of  

magnitude, a r e  dominant. 

Table E-6. Comparison of 24-hr Maximum Concent ra t ions  w i t h  
D i f f e r e n t  Load Fac to r s  and Wind Speeds f o r  t h e  
Reference 3000 .MW Source 

Wind Speed, Maximum 24-hr Concent ra t ion  pg/m3. 
Load Fac to r ,  

TSP % m/ s so 2 N O x  

60 2.5 250 2 1 150 

Note : For longer  averaging times t h e  maximum 15-min concen t r a t  i o n s  
a r e  mu l t ip l i ed  by t h e  f a c t o r s  in Table E-7, which aye  de- 
termined from t h e  formula: C(avg time = t )  = C(15 min) x 
(15 min/ t )0-2 .  

The short- term concen t r a t ion  contours  from t h e  s i n g l e  3000-i.1CY' f a c i l i t y  

emissions a r e  given in Fig .  E-5 and t h e  contours  f o r  t h e  c l u s t e r  of f a c i l i t i e s  

(F ig .  E-3) a r e  given i n  F ig .  E-6 f o r  perpendicular  and d i agopa l  wind d i r e q t i o n a .  

The contour  va lues  and maximum p o i n t ,  concen t r a t ions  a s s o c i a t e d  w i t h  t h e s e  

f i g u r e s  a r e  g iven  in Table E-8 f o r '  15-min, 3-hr , and 24-hy averaging time?. 





Table E-7. R e l a t i v e  Maximum Short-Term Concentrat ion 
as a Function of Averaging Time 

- 

Averaging Time, 
h r  

R e l a t i v e  
Concentrat ion 

The e s t i m a t e s  of short- term concen t r a t ion  presented  above a r k  a l s o  

a f f e c t e d  by a number of o t h e r  paramet r ic  assumptions. I n  t h e  GE s t u d y 3  an  

a n a l y s i s  w a s  conducted t o  i d e n t i f y  t h e  c r i t i c a l  i npu t  parameters  w i th  t h e  

g r e a t e s t  e f f e c t  on t h e  p red ic t ed  short- term concent ra t ion .  Considered were 

v a r i a t i o n s  i n  s t a b i l i t y  c l a s s ,  wind speed,  mixing h e i g h t ,  exhaust-gas tempe- 

r a t u r e ,  s t a c k  h e i g h t ,  volume f lows ,  and combinations of v a r i a t i o n s  in t h e s e  

f a c t o r s .  Resu l t s  of t h i s  s e n s i t i v i t y  a n a l y s i s  a r e  summarized i n  Table E-9. 

On the  b a s i s  of t h a t  s tudy ,  i t  w a s  concluded t h a t :  

Of t h e  many f a c t o r s  involved in producing ground-level 
concen t r a t  ions  of  [pol lu tan ts . ]  from a power p l a n t ,  on ly  
two c o n t r o l l a b l e  ones appa ren t ly  can a l t e r  t h e  maximum 
ground-level concen t r a t ion  by any g r e a t  amount. The 
f i r s t ,  obvious ly ,  is t o  minimize p o l l u t i o n  emi t ted  from 
a s t a c k .  

The second method is t h e  u s e  of t a l l  s t a c k s .  Although 
t h i s  method cannot guarantee  t h a t  h igh  ground-level 
concen t r a t ions  of  p o l l u t i o n  w i l l  never  occur ,  i t  can 
d r a s t i c a l l y  reduce t h e  p r o b a b i l i t i e s  of such an occur- 
rence.  (Decreasing t h e  244-m, correspondingly increased  
t h e  es t imated  shor t - te rm maximum concen t r a t ion  by about  
h a l f  .) 

Other  f a c t o r s ,  such as s t a b i l i t y  c l a s s ,  wind speed,  and 
mixing h e i g h t ,  can a l s o  cause  l a r g e  v a r i a t i o n s  in t h e  
maximum short- term,  ground-level concen t r a t ion  of po l lu -  
t i o n .  Although t h e s e  f a c t o r s  cannot b e  c o n t r o l l e d ,  they  
should b e  considered b e f o r e  a power p l a n t  is  cons t ruc t ed .  



T a b l e  E-8. Kaxiroum Short-Term C o n c e n t r a t i o n s  a t  l s o p l e t h s  and O v e r a l l  Maximum f o r  S i n g l e  
and C l u s t e r e d  3000 .NW Reference  Sources  ( F i g s  . E-5, E-6) : 15-min Maximums 

C o n c e n t r a t i o n s ,  pg/rn3 

I s o p l e t h  No. 

Max. i%x. Max. 
P o l l u t a n t  1 .  , 2  3 4 5 (E ig .  E-5) (F ig .  E-6) ( F i g .  E-7) 

SO 2 6.82 (+2)a 3 .41  (+2) 6.82 (+I) 6.82 6.82 (-1) 7 -42 (+2) 1 .34 (+3) 1 .07  (+3) 

NO 3.98 (+2) 1.'99 (+2) 3.'98 (+I)  3.98 3.98' (-1) 4 . 3 3  (+2) 1 . 7 9  (+2) 6 .23 (+2) 
X 

P a r t i c u l a t e s  5 .68 (+I) 2.84 (+I) 5.68 5.68 5.68 (-2) . 6 . 1 8  (+I) 1 .ll (+2) 8.89 (+I) .  

CO 2.16.(+1) 1 . 0 8  (+I) 2.16 2 .16 ( - 1  2.16 (-2) 2.35 (+I) 4.23 (+I) 3 - 3 8  (+I) 

Cd 3.58 (-3) 1.79 (-3) 3 .58 (-4) 3 .58 (-5) 3 .58  (-6) 3.90 (-3) 7.01 (-3) 5.60 (-3) 

F 2.57 1.29 2.57 (-1) 2.57 (-2) 2.57 (-3) 2.80 5 .06 4.04 

H g 4.44 (-3) 2.22 (-3) 4.44 (-4) 4.44 (-5) 4.44 (-6) fi.83 (-3) 8.69 (-3) 6.95 (-3) 

Pb 4.72 (-1) 2.36 (-1) 4.72 (-2) 4.72 (-3) 4.72 (-4) 5.14 9.25 7.41 

S e  6.97 (-2) 3.48 (-2) 6.97 (-3) 6.97 (-4) 6.97 (-5) 7.57 (-2) 1 .36 (-1) 1.09 (-1) 

a (+2) d e n o t e s  x e t c .  



Tab1.e E-8A. Maximum Short-Term Concentrat ions a t  I s o p l e t h s  and Overa l l  Maximum f o r  S i n g l e  
. . and C lus t e r ed  3000 MM Reference Sources  (F igs .  E-5, E-6): : 3-hr Maximums 

Concent ra t ions ,  v g / m 3  

I s o p l e t h  No. 

Max. Max. Max. 
P o l l u t a n t  1 2 3 4 5 (Fig.E-5) (Fig.  E-6) (F ig .  E-7) 

so, 
NO 

X 

P a r t  icu-  
lates 

a 
(+2) deno t s s  x lo+,, e t c .  

I 



Table  E-8B. Maxinum Short -Tern C o n c e n t r a t i o n s  a t  I s o p l e t h s  and O v e r a l l  Maximum f o r  S i n g l e  
and C l u s t e r e d  300C ML Ref t r e n c e  Sources  ( F i g s .  E-5, E-6) : 24-hr Maximums 

C o n c e n t r a t i o n ,  pg/m3 

I s o p l e t h  No. 

Max. Max. Max. 
2 - 4 5 ( F i g .  E-5) ( F i g .  E-6) ( F i g .  E-7) P o l l u t a n t  1 

so 2 

NO 
X 

P a r t  icu-  
lates 

Pb 8 (-1) 9 .44  (-2) 1.89 (-2) 1.'89 (-3) 1 - 8 9  (-4) 3.70 2.96 

S e 2.79 (-2) 1.39 (-2) 2.79 (-3) . 2.79 (-4) 2.79 (-5) 3.03 (-2) . 5.44 (-2) 4.36 (--2) 

a 
(+2) d e n o t e s .  x 10  + 2 ,  e t c .  



I f  a c e r t a in  areas has an unusually high proportion 
of undesirable condit ions,  g rea te r  care  must be 
taken t o  prevent high ground-level concentrations. 

The est imates of short-term maximums a r e  a l so  very dependent on the  

model used f o r  the  computation. The EPA model used i s  among the  more con- ' 

s e r v a t i ~ e .  ~ b r  example, the  24:l-hr average r a t i o  is l a r g e r  by approximately 

a f ac to r  of 2 with the  EPA model than with the  TVA and AEP models (see  
. .  . 

Table E-9). . b 

The emphasis in t h i s  sec t ion  has been on short-term impacts from the  

reference 3000-MW e l e c t r i c a l  generation f a c i l i t y  because emission r a t e s  of 

Son, pa r t i cu l a t e s ,  and NO a r e  much l a rge r  than those f rom' the  reference 250 x 
X 

l o 6  scf/day gas i f i ca t ion  plant .  Differences i n  s tack  height and flue-gas 

temperatures and volume flow w i l l  have an impact on the  r e l a t i v e  ambient 

concentrations from these f a c i l i t i e s ,  but  the  impact of these  parameters w i l l  

no t  o f f s e t  the  l a rge  di f ferences  in emission r a t e s  of S02 , 'pa r t i cu la tes ,  and 

NOx. The possible i den t i f i c a t i on  of emissions of t r a ce  substances, which are 
more dominant in gas i f i ca t ion  f a c i l i t i e s ,  would j u s t i f y  fu ture  a i r -qual i ty  

. . 

analysis  spec i f i c a l l y  r e l a t ed  to  gas i f i ca t ion .  

Table E-9. Sens i t i v i t y  of Maximum Short-Term Concentration 
Estimates t o  Selected Parameters 

Emission Rate, g/s  
Max. Conc ( r e l a t i ve )  

Stack Height, m 
mx. Conc ( r e l a t i ve )  

S t a b i l i t y  Class 
' Max. Conc ( r e l a t i ve )  

Wind Speed, m/sec 
Max. Conc ( r e l a t i ve )  

Mixing Height, m 
Max. Conc ( r e l a t i ve )  

Exhaust Gas Temp, OK 

Max. Conc ( r e l a t i ve )  

Estimation Model 
(24-hr/l-hr) Average 

EPA TVA 
0.53 0.2 

AEP 
0.28 
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