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FOREWORD 

Compressed air energy storage (CAES) is a technique for supplying 

electric power to meet peak load requirements of electric utility systems. 

Using low-cost power from base load plants during off-peak periods, a 

CAES plant compresses air for storage in an underground reservoir--an 

aquifer, solution-mined salt cavity, or mined hard rock cavern. During 

subsequent peak load periods, the compressed air is withdrawn from storage, 

heated, and expanded through turbines to generate peak power. This 

relatively new technology offers significant potential for reducing 

. costs and improving efficiency of electric power generation, as well as 

reducing petroleum fuel consumption. 

Based on these potential benefits, the U.S. Department of Energy (DOE) 

is sponsoring a comprehensive program to accelerate commercialization of 

CAES technology. The Pacific Northwest Laboratory (PNL) was designated 

the lead laboratory for the CAES Program. As such, PNL is responsible 

for assisting the DOE in planning, budgeting, contracting, managing, 

reporting, and disseminating information. Under subcontract to PNL 

are a number of companies, universities, and consultants responsible 

for various research tasks within the program. 

An important element of the program is to promote commercialization 

of CAES technology through the transfer of research results and experience 

to interested utilities. Toward this end, Environmental Science and 

Engineering, Inc., of St. Louis, Missouri, performed a study aimed at 

developing an appropriate methodology for siting CAES facilities. 

Conducted for the Soyland Power Cooperative, Inc., an Illinois utility 

actively planning the first CAES facility in the U.S., the study resulted 

in two reports. 

The Technology Assessment Report describes the design and operational 

features of CAES systems in general and, more specifically, of the proposed 

Soyland plant. These features are then evaluated in terms of their 



relationship to environmental siting and licensing considerations. 

The second document, Siting Selection Study, uses geotechnical and 

environmental criteria to outline a method for siting CAES facilities. 

The work described is based on detailed analyses of geologic, environmental, 

regulatory, socioeconomic, and other factors. 

Taken together, these two documents provide a case study of the first 

attempt to commercially develop a CAES facility in the U.S. As such, 

they are intended as a basis upon which other interested utilities can 

make initial decisions regarding this promising technology. 
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EXECUTIVE SUMMARY ~b 

T h i s  s t u d y  was conducted t o  b r i e f l y  d e s c r i b e  t h e  d e s i g n  and o p e r a t i o n a l  

f e a t u r e s  o f  compressed a i r  energy s t o r a g e  sys tems (CAES) and r e l a t e  them 

t o  env i ronmenta l  s i t i n g  and l i c e n s i n g .  C h a r a c t e r i s t i c s  o f  a l l  CAES 

p l a n t s  a r e  d e s c r i b e d ,  a s  w e l l  a s  t h o s e  of  a  220-MW ( n e t )  u n i t  proposed 

by Soyland Power Coopera t ive ,  I n c .  o f  D e c a t u r ,  I l l i n o i s .  

As a  peak demand f a c i l i t y ,  CAES i s  shown t o  o f f e r  u t i l i t i e s  s e v e r a l  

advan tages  o v e r  g a s  t u r b i n e s ,  which i s  t h e  u s u a l  a l t e r n a t i v e  chosen.  

These advan tages  i n c l u d e :  (1) o i l  o r  g a s  f u e l  s a v i n g s  o f  t w o - t h i r d s ,  

(2 )  b e t t e r  u t i l i z a t i o n  o f  b a s e l o a d  c a p a c i t y ,  ( 3 )  economy o f  o p e r a t i o n ,  

( 4 )  r a p i d  o n - l i n e  t ime ,  (5 )  h i g h  e f f i c i e n c y  a t  l e s s  t h a n  f u l l  l o a d ,  and 

( 6 )  p o t e n t i a l  s p i n n i n g  r e s e r v e  c a p a c i t y .  

Because CAES i s  a  new techno logy  i n  t h e  Uni ted  S t a t e s ,  b o t h  g e n e r a l  and 

S o y l a n d ' s  s p e c i f i c  CAES p l a n t s  a r e  d e s c r i b e d  i n  t e rms  o f  l and  

r e q u i r e m e n t s ,  f u e l  u s e ,  e f f i c i e n c y ,  p l a n t  l a y o u t ,  tu rbomach inery ,  c a v e r n  

s t r u c t u r e ,  and w a t e r  compensat ion.  P l a n t  i n t e r f a c e s  w i t h  t h e  

environment  a r e  d e s c r i b e d  and e v a l u a t e d  a s  t h e y  p e r t a i n  t o  s i t i n g  and 

l i c e n s i n g .  S p e c i f i c  a r e a s  d i s c u s s e d  i n c l u d e :  

1. A i r  Qua l i ty - - inc lud ing  f u e l  use ,  e m i s s i o n  p o t e n t i a l ,  and impact 

o n  ambient a i r  q u a l i t y ;  

2 .  Noise--noting t h e  need f o r  d e s i g n  f e a t u r e s  t o  a t t e n u a t e  

l o c a l i z e d  and temporary  sound g e n e r a t e d ;  

3 .  Water Resources--noting expec ted  w a t e r  needs  f o r  compress ion 

c o o l i n g ,  w a t e r  compensat ion,  and o t h e r  p l a n t  p r o c e s s  w a t e r s ;  

4 .  Waste Discharge--or waste such a s  c o o l i n g  w a t e r  blowdown, 

chemica l  t r e a t m e n t ,  and o i l y  w a s t e s ;  

5 .  E c o l o g i c a l  Ef fec ts- -such a s  land c l e a r i n g ,  d i s t u r b a n c e ,  

e m i s s i o n s ,  n o i s e ,  and human a c t i v i t y ;  and 

6 .  Socioeconomics--evaluat ing c o n s t r u c t i o n  and o p e r a t i o n a l  l a b o r  

f o r c e ,  t a x  v a l u e s ,  and impact on l o c a l  community s t r u c t u r e .  



The r e p o r t  c o n c l u d e s  t h a t  t h e  o v e r a l l  env i ronmenta l  impact of a  CAES 

f a c i l i t y  i s  minimal ;  most d i r e c t  e f f e c t s  a r e  much l e s s  t h a n  

s i m i l a r - s i z e d  b a s e l o a d  f a c i l i t i e s  and g e n e r a l l y  l e s s  t h a n  g a s  t u r b i n e s .  

S p e c i f i c  comparisons  between t h e s e  sys tems a r e  p r e s e n t e d .  

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

S o y l a n d ' s  proposed p l a n t  a r e  d i s c u s s e d .  No p o t e n t i a l  f a t a l  f l aws  o r  

d i f f i c u l t i e s  a s s o c i a t e d  w i t h  CAES 1 i c e n s i n g  a r e  noted.  



1.0 CAES TECHNICAL OVERVIEW 

1 .1  NEED FOR PEAKING CAPACITY 

Energy sources  f o r  meeting peak demand i n  u t i l i t y  systems a r e  p r imar i l y  

suppl ied  by combustion t u r b i n e s  which a r e  cha rac t e r i zed  by r e l a t i v e l y  

low c a p i t a l  c o s t s  and proven technology.  The ever - increas ing  c o s t  of  

gas  and o i l ,  however, cont inues  t o  o f f s e t  t h e  o r i g i n a l  c a p i t a l  b e n e f i t s .  

Consequently,  u t i l i t i e s  a r e  i n v e s t i g a t i n g  and implementing more 

e f f i c i e n t  a l t e r n a t i v e s  which t ake  advantage of i n s t a l l e d  base load 

gene ra t i on  f o r  s t o r i n g  energy o f f  peak f o r  use du r ing  peak demand. The 

Compressed A i r  Energy Storage System (CAES) uses  b a s i c  t u r b i n e  

technology i n  conjunc t ion  with a i r  s t o r a g e  f a c i l i t i e s .  

'\ 

A l l  pub l i c  u t i l i t i e s  f ace  t he  problem of  e s t a b l i s h i n g  an economical and 

r e l i a b l e  power supply t o  meet f l u c t u a t i n g  demands f o r  power. To meet 

t he se  f l u c t u a t i n g  demands, a  u t i l i t y  w i l l  use base load u n i t s  t o  provide 

a  po r t i on  (40 t o  60 pe rcen t )  of  i t s  peak demand. These t y p i c a l l y  a r e  

l a r g e  c o a l  o r  nuc lear  u n i t s  which have t h e  h ighes t  e f f i c i e n c y  and lowest 

f u e l  c o s t s .  The u n i t s  have a  h igh  c a p i t a l  c o s t  and a r e  g e n e r a l l y  not  

very  f l e x i b l e  i n  fol lowing load demand. The remaining power 

requirements  a r e  met by cyc l ing  u n i t s .  These u n i t s  a r e  more f l e x i b l e  

o p e r a t i o n a l l y  but t y p i c a l l y  u t i l i z e  more expensive f u e l s  ( o i l s  o r  g a s )  

and a r e  l e s s  e f f i c i e n t  (>11,000 ~ t u l k w h ) .  

Energy s t o r a g e  i s  one approach t o  minimize f u e l  o i l  and gas  consumption. 

Energy s t o r a g e  systems d i s p l a c e  a  u t i l i t y ' s  power output  by t r a n s f e r r i n g  

excess  energy from base load u n i t s  during per iods  of  low demand t o  

peak per iods  of  h igh  demand. This  u t i l i z a t i o n  of  off-peak energy 

reduces use of h igher  hea t  r a t e  petroleum peaking systems, o i l  o r  
' 

gas- f i red  t u r b i n e s ,  and improves t h e  c a p a c i t y  f a c t o r  of  more e f f i c i e n t  



b a s e  load  u n i t s .  The r e s u l t  can  be an o v e r a l l  improvement o f  g e n e r a t i n g  

economics due t o  f u e l  c o s t  s a v i n g s  and lower maintenance r e s u l t i n g  from 

t h e  un i fo rm s t e a d y - s t a t e  o p e r a t i n g  mode of t h e  b a s e  l o a d  u n i t s .  Energy 

s t o r a g e  sys tems  a l s o  p r o v i d e  a d d i t i o n a l  f l e x i b i l i t y  due t o  t h e i r  r a p i d  

r e s p o n s e  t i m e s  and b e t t e r  e f f i c i e n c y  a t  p a r t i a l  l o a d s  t h a n  base  load 

u n i t  s. 

CAES overcomes one o f  t h e  major  d i s a d v a n t a g e s  o f  t h e  g a s  t u r b i n e ,  which 

is the use o f  two- th i rds  of its $eaototing power i n  pravidirfg vrlorgy for  

t h e  compress ion  o f  i n t a k e  a i r .  The CAES system performs t h e  compress ion 

c y c l e  independent  o f  and p r i o r  t o  t h e  g e n e r a t i o n  phase .  A s  such ,  lower- 

c o s t  f u e l  u t i l i z e d  by e f f i c i e n t  b a s e  load  u n i t s  s u p p l i e s  t h e  energy 

needed f o r  compress ion.  The unique underground h o l d i n g  systems employed 

i n  CAES technology  s t o r e  compressed a i r  u n t i l  needed i n  t h e  g e n e r a t i o n  

phase .  

A f u l l - s c a l e  290-MW CAES f a c i l i t y  h a s  been developed and i s  o p e r a t i n g  a t  

a 98  p e r c e n t  a v a i l a b i l i t y  i n  Huntor f ,  Germany. As a  l o g i c a l  o c c u r r e n c e ,  

s e v e r a l  U.S. e l e c t r i c a l  u t i l i t i e s  a r e  i n v e s t i g a t i n g  t h e  commercial 

development o f  CAES p l a n t s .  These i n c l u d e  Potomac E l e c t r i c  Power 

Culupauy ( P E P C O ) ,  Middle s o u t h  s e r v i c e s ,  and Soyland Power Coopera t ive ,  

Inc.,  which i s  a c t i v e l y  p l a n n i n g  t o  d e v e l o p  a 220-MW CAES f a c i l i t y  i n  

I l l i n o i s .  

The purpose  o f  t h i s  r e p o r t  i s  t o  d e s c r i b e  CAES technology  and l i c e n s i n g  

c o n s i d e r a t i o n s  and t o  d i s c u s s  p e r t i n e n t  a s p e c t s  o f  Soy land ' s  CAES 

p r o j e c t  implementat ion.  



1 . 2  COMPRESSED AIR ENERGY SYSTEM 

A  method f o r  s t o r i n g  e n e r g y  i s  a  compressed a i r  e n e r g y  s t o r a g e  sys tem.  

CAES p l a n t s  use  energy  a v a i l a b l e  d u r i n g  off -peak p e r i o d s  from e f f i c i e n t  

c o a l  o r  n u c l e a r  p l a n t s  t o  compress a i r  and s t o r e  i t  i n  underground 

r e s e r v o i r s .  During peak demand p e r i o d s  t h i s  compressed a i r  i s  d i r e c t e d  

t o  a  g a s  t u r b i n e  f o r  power g e n e r a t i o n .  

Although CAES p l a n t s  u s e  o i l  o r  g a s ,  t h e  q u a n t i t y  of  t h i s  f u e l  used p e r  

KWH g e n e r a t e d  i s  reduced by a s  much a s  60 t o  70 p e r c e n t  compared t o  

c o n v e n t i o n a l  g a s  t u r b i n e s .  Because t h e  a i r  r e s e r v o i r  i s  underground,  a s  

opposed t o  a  l a r g e  s u r f a c e  r e s e r v o i r  s i m i l a r  t o  t h a t  needed f o r  pumped 

hydro  s t o r a g e  sys tems ,  l o c a t i n g  e n v i r o n m e n t a l l y  s u i t a b l e  s i t e s  f o r  a  

CAES p l a n t  may b e  e a s i e r .  I n  a d d i t i o n ,  t h e  s m a l l e r  p h y s i c a l  s i z e  o f  a 

CAES system compared w i t h  a  pumped h y d r o e l e c t r i c  s t o r a g e  sys tem i s  a  

more economical  approach f o r  u t i l i t i e s  because  i t  minimizes  c a p i t a l  

inves tment  and r e d u c e s  c o n s t r u c t i o n  t ime .  



1 .3  SYSTEM DESIGN AND OPERATION 

The main CAES d e s i g n  components a r e  presented i n  Figure 1-1. I n  a  

conven t iona l  system, t h e  g a s  t u r b i n e  d r i v e s  both a  gene ra to r  and a  

compressor s imul taneous ly  wi th  approximately two-thirds  of t h e  power 

used f o r  compressing a i r .  I n  a  CAES p l a n t ,  a  motor /genera tor  with two 

d i sconnec t  coupl ings  i s  l oca t ed  between t h e  t u r b i n e  and compressor. 

This  pe rmi t s  t h e  u n i t  t o  o p e r a t e  i n  e i t h e r  a  compression mode o r  a  power 

p roduc t ion  mode, a l t e r n a t e l y  d i s connec t ing  t h e  gas  turb-ine o r  

compressor.  

1 .3 .1  COMPRESSION MODE 

During off-peak hours  t h e  t u r b i n e  end of t h e  motor/generator  i s  

d i sengaged ,  and t h e  compressor end i s  engaged. The motor /genera tor  

o p e r a t i n g  a s  a  motor consumes power from the  e l e c t r i c  g r i d  t o  charge t h e  

a i r  s t o r a g e  r e s e r v o i r .  A i r  i s  compressed by compressors i n  s e r i e s  which 

r a i s e  t h e  p re s su re  t o  approximately 800 t o  1,000 pounds per  square  inch 

a b s o l u t e  ( p s i a ) .  The f i n a l  de te rmina t ion  of cavern p re s su re  i s  a  

f u n c t i o n  o f  t h e  type  of  a i r  s t o r a g e  ( v a r i a b l e  p re s su re  o r  

water-compensated) and turbomachinery c o s t  and e f f i c i e n c y .  I f  t h e  

system i s  water  compensated t h e  p re s su re  i s  determined by t h e  depth of 

t h e  cave rn ,  'which may be dependent on subsur face  geology. 

The compressor t r a i n  uses  an a x i a l ,  low-pressure compressor; a  r a d i a l ,  

i n t e r m e d i a t e  compressor;  and a  high-pressure compressor. Heat produced 

du r ing  compression i s  r e j e c t e d  through a  s e r i e s  o f  i n t e r c o o l e r s  and an 

a f t e r c o o l e r .  Cooling t h e  a i r  a f t e r  t h e  l a s t  s t a g e  of  compression 

reduces  t h e  r equ i r ed  cavern volume. The waste hea t  i s  r e j e c t e d  t o  t h e  

atmosphere through coo l ing  towers o r  o t h e r  app rop r i a t e  hea t  r e j e c t i o n  

systems.  Because compression usua l ly  t akes  p l ace  a t  n i g h t ,  c o o l e r  

n i g h t t i m e  tempera tures  f u r t h e r '  reduce compressing power requi rements .  





1.3.2 POWER PRODUCTION MODE 

During the  c y c l e ,  a i r  i s  led  from t h e  cavern through an expansion va lve  

t o  t h e  r ecupe ra to r  and gas  t u r b i n e s .  The r ecupe ra to r  u se s  exhaust  gas  

h e a t  from t h e  low-pressure t u r b i n e  t o  prehea t  t h e  high-pressure a i r  

b e f o r e  i t  e n t e r s  t h e  h igh-pressure  combustion chamber. The use of a  

r ecupe ra to r  i m p r o v ? ~  t h e  power gene ra t i on  performance by approximately 

20 pe rcen t ,  r e p r e s e n t i n g  a  d i r e c t  20-percent r educ t ion  i n  t h e  o i l  o r  gas  

consumed. The r e c u p e r a t o r  i s  an exhaust  gas- to-air  h e a t  exchanger with 

t h e  a i r  pass ing  through t h e  tubes  and t h e  f l u e  gas  pass ing  between t h e  

tubes .  

The CAES p l a n t  o p e r a t e s  a t  p r e s su re s  h ighe r  than  normal gas  t u r b i n e s ;  

t h e r e f o r e ,  t h e  expansion o f  combustion products  t a k e s  place i n  two 

t u r b i n e s .  Each gas  t u r b i n e  has  i t s  own combustion chamber. The a i r  i s  

hea t ed  i n  t h e  h igh-pressure  combustor, expanded i n  t h e  high-pressure 

t u r b i n e ,  hea ted  a  second time i n  t h e  low-pressure combustor, and 

expanded i n  t h e  low-pressure t u r b i n e  t o  t h e  exhaust  p r e s su re .  The 

cumbuscioa chamber may be designed t o  burn e i t h e r  f u e l  o i l  o r  n a t u r a l  

ga s .  This  pe rmi t s  t h e  u t i l i t y  t o  make use of whichever f u e l  i s  more 

a v a i l a b l e .  

The h igh-pressure  gas  t u r b i n e  i s  s i m i l a r  i n  des ign  t o  an i n t e rmed ia t e  

p r e s s u r e  steam t u r b i n e ,  a l lowing  o p e r a t i o n  a t  h ighe r  p re s su re s .  The 

low-pressure gas  t u r b i n e  i s  of  s tandard  gas  t u r b i n e  des ign .  The two 

t u r b i n e s  a r e  on a s i n g l e  s h a f t  which d r i v e  t h e  gene ra to r .  

1 .3 .3  A I R  STORAGE MEDIA 

S t u d i e s  on s t o r a g e  media have been performed by s e v e r a l  u t i l i t i e s .  

These s t u d i e s  cons ide r  developing r e s e r v o i r s  f o r  a i r  s t o r a g e  i n  s a l t  

(Middle South s e r v i c e s ) ,  i n  rock ( ~ o t o m a c  E l e c t r i c  Power), and i n  

a q u i f e r s  (Pub l i c  Se rv i ce  o f  ~ n d i a n a ) .  Energy s t o r a g e  i s  accomplished 

u t i l i z i n g  e i t h e r  cons t an t  volume o r  cons t an t  p r e s su re  systems, a s  

d i s cus sed  i n  Sec t ion  3.3.  



S a l t  r e s e r v o i r s  r e s u l t  i n  t h e  l e a s t  expens ive  o f  t h e  s t o r a g e  methods a s  

t h e y  a r e  t y p i c a l l y  produced by s o l u t i o n  mining.  Rock c a v e r n s  a r e  more 

expens ive  b u t  have t h e  d i s t i n c t  advan tage  o f  o p e r a t i n g  a t  n e a r l y  

c o n s t a n t  p r e s s u r e .  

Hydrau l i c  compensation r e q u i r e s  t h a t  a  w a t e r  impoundment be l o c a t e d  a t  

t h e  s u r f a c e  such  t h a t  t h e  weight  o f  t h e  w a t e r  column w i l l  be e q u a l  t o  

t h e  s t ' o rage  p r e s s u r e .  

I f  w a t e r  compensat ion were not  used ,  i t  would be n e c e s s a r y  t o  compress 

t h e  a i r  t o  a  p r e s s u r e  s u b s t a n t i a l l y  above t h e  t u r b i n e  o p e r a t i n g  

p r e s s u r e .  Water compensat ion p r o v i d e s  c o n s t a n t  p r e s s u r e  o p e r a t i o n  w i t h  

maximum c a p a c i t y  f o r  minimum c a v e r n  e x c a v a t i o n .  



1 .4  ENERGY REQUIREMENTS 

The CAES turbomachinery dur ing  power gene ra t i on  produces e l e c t r i c i t y  

w i t h  a  h e a t  r a t e  o f  about 4,100 Btu/KW. The e l e c t r i c a l  energy r equ i r ed  

t o  compress a i r  i s  dependent on t h e  i n l e t  temperature  of t h e  a i r .  With 

an a i r  temperature  o f  68°F t h e  compressing energy i s  approximately 

0.780 KW/hr f o r  each  1 KW/hr o f  ou tput  when t h e  s t o r a g e  p re s su re  i s  

800 pounds pe r  square  inch gage ( p s i g ) .  



2.0 CAES SYSTEM DESCRIPTION 

2.1  SOYLAND 220-MW CAES PROJECT 

S e l e c t i o n  o f  t h e  r a t i o n a l e  f o r  c h a r g i n g  and d i s c h a r g i n g  t h e  CAES system 

i s  based on many d i f f e r e n t  c r i t e r i a ,  i n c l u d i n g  t h e  power consumption 

c u r v e ,  l o c a l  g r i d  c h a r a c t e r i s t i c s ,  and S o y l a n d ' s  i n s t a l l e d  c a p a c i t y  

economics.  Based on t h e s e  c o n s i d e r a t i o n s  and assuming an e x p e c t e d  

growth o f  power consumption,  i t  was dec ided  t o  d e s i g n  S o y l a n d ' s  CAES 

f a c i l i t y  f o r  a n  11-hour c h a r g i n g  c y c l e  fo l lowed by a n  11-hour power 

g e n e r a t i o n  cyc le. 

The b a s i c  assumpt ion i s  t h a t  t h e  Soyland CAES p l a n t  w i l l  c h a r g e  d u r i n g  

t h e  n i g h t  and d i s c h a r g e  d u r i n g  t h e  day.  Within  t h e s e  bounds,  Soyland 

h a s  s e v e r a l  o p t i o n s  f o r  s p e c i f i c  o p e r a t i n g  c r i t e r i a .  The s i m p l e s t  

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

i n  t h e  l o a d i n g  c u r v e s ;  however, Soyland w i l l  s e l e c t  t h a t  o p e r a t i o n  mode 

o r  modes t h a t  w i l l  b e s t  s e r v e  c u r r e n t  needs .  Because o f  t h e  q u i c k  

s t a r t u p  t imes  f o r  CAES ( < l o  m i n u t e s  t o  f u l l  l o a d ) ,  t h e  u n i t  can  a l s o  be  

used a s  s p i n n i n g  r e s e r v e  t o  back up Soy land1s  o t h e r  g e n e r a t i n g  c a p a c i t y .  

A  schemat ic  f o r  t h e  220-MW f a c i l i t y  i s  p r e s e n t e d  i n  F i g u r e  2-1, and 

p r e l i m i n a r y  d e s i g n  v a l u e s  a r e  p rov ided  i n  Tab le  2-1. 



SOURCE: BBC, 1980 

CAVERN WITH 
HYDROSTATIC COMPENSATION 

@ TURBINE 

@ COMBUSTION CHAMBERS 

@ ~ : : ~ ~ ~ T ~  MWlMOTOR 
IMPUT: 162.3 MW 

@ LP-COMPRESSOR 

@ IP-COMPRESSOR 

@ HP-COMPRESSOR 

a INTERCOOLERS 

3 AFTERCOOLER 

@ CLUTCHES 

@ AIR PREHEATER 

n WATER COMPENSATION 0 RESERVOIR 

Figure 2-1 I 

TYPICAL 220-MW CAES FACILITY CAES TECHNOLOGY 
ASSESSMENT 

v 



Table 2-1. Compressed A i r  Energy Storage Data 

Power ou tput  ( n e t )  

Power consumption during compression mode 

Compressed a i r  p r e s su re  

Temperature ( a i r )  . 

Flow 

Heat Rate (of CAES t u r b i n e )  

Number of t u r b i n e s  

Number of compressors 

Underground s t o r a g e  c a p a c i t y  

Power gene ra t i on  cyc le  

Compressor cyc l e  

Surface r e s e r v o i r  

Depth of cavern 

Fue 1 

Fuel consumption 

Heat r e j e c t e d  i n  cool ing  tower 

Cooling water  flow 

B 1 owd own 

~ v a p o r a t i o n / D r i f t  Loss 

220 MW 

162.3 MW 

800 ps ig  

59°C 

300 k g l s  

4,100 BTUIKWH 

1 1 hours  

11 hours  

175 ac re - f ee t  

1,800-2,000 f e e t  

Number 2 o i l  

7,000 g a l l h r  

5.29 x lo8 ~ t u / h r  

50,000 gpm 

320 gpm 

1,175 gpm 

Source: Gibbs and H i l l ,  I n c . ,  1981. 



2.2 COOLING WATER SYSTEM 

A coo l ing  water  system i s  used t o  cool  t h e  a i r  a t  d i f f e r e n t  s t a g e s  o f  

compression, thereby  dec reas ing  t h e  amount of power requi red  t o  compress 

t h e  a i r  s t o r e d .  Cooling a l s o  dec reases  compressed a i r  temperature  (and 

t h e r e f o r e  i t s  volume) t o  minimize underground r e s e r v o i r  s t o r age  volume. 

Two s e p a r a t e  c o o l i n g  loops which would use common, a s  wel l  a s  s e p a r a t e ,  

c i r c u l a t i n g  water  p ip ing  a r e  envis ioned .  The main loop would provide 

f o r  coo l ing  a l l  t h e  compressor i n t e r c o o l e r s  and a f t e r c o o l e r s  a long wi th  

minor a u x i l i a r y  equipment dur ing  t h e  compression mode of ope ra t i on .  The 

secondary loop would use i t s  own p ip ing  and supply a u x i l i a r y  equipment, 

which i s  i n  o p e r a t i o n  only  dur ing  t h e  power gene ra t i on  mode. 

The coo l ing  system could be a  c losed  loop system r e j e c t i n g  hea t  t o  t h e  

atmosphere v i a  a  coo l ing  tower. The hea t  load a t  f u l l - l oad  compression 

i s  approximately 5.5 x  lo8 Btu/hr .  The temperature  r i s e  i n  t h e  

coo l ing  water i s  planned t o  be about 2 3 ' ~ ,  which r e q u i r e s  a  f l owra t e  o f  

approximately 50,000 GPM. A t  f u l l  load t h e  maximum d r i f t  and 

evaporation 1033 would bc  2.35 pcrccnt  (1 ,175 GPM) of the c i r c u l a t i n g  

water  flow. 

The a n t i c i p a t e d  des ign  c a l l s  f o r  keeping t h e  d i s so lved  s o l i d s  conten t  of 

t h e  c i r c u l a t i n g  water  a t  a  concen t r a t i on  of four  t imes t h e  incoming 

make-up water .  The maximum blowdown flow would be 0.64 percent  of  t h e  

c i r c u l a t i n g  water  flow (320 GPM). Cooling water blowdown may be 

d i scharged  t o  t h e  s u r f a c e  r e s e r v o i r  where i t  i s  d i l u t e d .  Blowdown from 

t h e  r e s e r v o i r  would be provided wi th  monitor ing t o  main ta in  

contamina t ion  l e v e l  of  t h e  r e s e r v o i r  water  w i th in  a l lowable  l i m i t s .  



2 .3  PLANT LAYOUT 

A proposed s i t e  ar rangement  ( s e e  F i g u r e  2-2) i s  a  r e c t a n g u l a r  p l o t  of  8 0  

a c r e s .  With t h i s  g e n e r a l  ar rangement ,  t h e  a c t u a l  p l a n t  f a c i l i t y  may be  

l a i d  ou t  on a n  a r e a  o f  a p p r o x i m a t e l y  35 a c r e s .  

The water .  compensat ion r e s e r v o i r  would be  d e s i g n e d  t o  h o l d  175 a c r e - f e e t  

o f  w a t e r .  With a  w a t e r  d e p t h  o f  3 3  f e e t  ( 1 0  m e t e r s )  t h i s  would r e q u i r e  

a  r e s e r v o i r  o f  approx imate ly  400 by 600 f e e t .  The r e s e r v o i r  would be 

surrounded by a n  e a r t h e n  d i k e  t o  c o n t a i n  t h e  w a t e r .  The d i k e  and 

r e s e r v o i r  t o g e t h e r  u s e  a n  a r e a  o f  about  7.5 a c r e s .  The r e s e r v o i r  cou ld  

be  l o c a t e d  t o  minimize t h e  amount o f  e x c a v a t i o n  n e c e s s a r y  f o r  

c o n s t r u c t  i o n .  

The t h o  f u e l  o i l  t a n k s  would be a d j a c e n t  t o  each  o t h e r  and surrounded by 

a  d i k e .  The t o t a l  a r e a  would be  about  450 f e e t  by 220 f e e t .  

The t u r b i n e  b u i l d i n g  and e l e c t r i c a l  annex and r e c u p e r a t o r  would r e q u i r e  

a n  a r e a  o f  approx imate ly  320 f e e t  by 130 f e e t .  The t u r b i n e  b u i l d i n g  

would house  t h e  t u r b i n e  compressor  t r a i n ,  t h e  a i r  c o o l e r s ,  t h e  

l u b r i c a t i o n  o i l  c o n d i t i o n i n g  equipment ,  and a  b r i d g e  c r a n e  f o r  

maintenance work.   he e l e c t r i c a l  annex would house  t h e  o n - s i t e  c o n t r o l  

room, t h e  e l e c t r i c a l  s w i t c h g e a r ,  t h e  d i e s e l  g e n e r a t o r ,  package b o i l e r ,  

and l o c k e r  room f a c i l i t i e s .  

A r e c u p e r a t o r  i n  t h e  exhaus t  d u c t  o u t s i d e  t h e  t u r b i n e  b u i l d i n g  and a  

s t e e l  s t a c k  w i t h  a n  e x h a u s t  s i l e n c e r  would be l o c a t e d  beyond t h e  

r e c u p e r a t o r .  
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The c o o l i n g  tower  and c i r c u l a t i n g  w a t e r  pumphouse r e q u i r e  an a r e a  o f  

abou t  240 f e e t  by 75 f e e t .  The c o o l i n g  towers  could  be  l o c a t e d  away 

from t h e  o t h e r  s i t e  equipment and downwind o f  t h e  s i t e  t o  e n s u r e  t h a t  

t h e  c o o l i n g  tower  plume does  no t  i n t e r f e r e  w i t h  p l a n t  o p e r a t i o n .  

The remain ing  a r e a  would be used t o  a r r a n g e  r e q u i r e d  equipment and a l low 

s u f f i c i e n t  room f o r  equipment c o n s t r u c t i o n  and maintenance.  Access 

r o a d s  would s e r v e  t h e  t u r b i n e  b u i l d i n g  and t h e  c i r c u l a t i n g  w a t e r  

pumphouse i n  a d d i t i o n  t o  t h e  g e n e r a l  s i t e  access.  



2.4 FUEL REQUIREMENTS AND FUEL STORAGE 

The purpose o f  t h e  f u e l  o i l  system i s  t o  r e c e i v e  d e l i v e r i e s  of f u e l ,  

s t o r e  t h e  f u e l ,  and d i s t r i b u t e  t he  f u e l  a s  necessary  t o  t h e  gas  t u r b i n e  

and p l a n t  a u x i l i a r i e s .  

The envis ioned  f u e l  i s  Number 2 f u e l  o i l  f o r  both t he  gas t u r b i n e  and 

t h e  b o i l e r .  Using Number 2 o i l  a s  t h e  b a s i s  f o r  t h e  des ign  e l i m i n a t e s  - A 

t h e  need f o r  a  f u e l  t rea tment  system. Fuel would be pumped from t h e  

f u e l  d e l i v e r y  p o i n t  t o  t h e  s t o r a g e  tanks  by t h e  f u e l  o i l  unloading 

pumps. The two o i l  t anks  would provide a  90-day supply of f u e l  a t  

220-MW o u t p u t  and 11 hn~lrs-per-day operation (approximately 7,000 

g a l l o n s l h r ) .  Each o f  t h e  tanks  may be approximately 3 m i l l i o n  g a l l o n s .  

From t h e  t anks  t h e  o i l  i s  pumped t o  t h e  gas  t u r b i n e  i n t e r f a c e ,  and a  

s e p a r a t e  f u e l  o i l  pump would be provided t o  meet t h e  needs of t h e  

a u x i l i a r y  b o i l e r .  

A d i k e  around t h e  t anks  s i z e d  t o  r e t a i n  t he  o i l  i n  t h e  event  one tank 

f a i l s  would be  c o n s t r u c t e d .  Oil-water s e p a r a t o r s  may be provided t o  

t r e a t  any water  c o l l e c t e d  i n  t h e  d ike .  



2.5 WATER COMPENSATION 

The water-compensated type cavern i s  used t o  c o n t r o l  t he  pressure  of th.e 

compressed a i r  i n  t h e  s to rage  cavern. During t h e  compression mode, 

compressed a i r  i s  forced i n t o  t h e  cavern,  d i s p l a c i n g  water from t h e  

cavern and fo rc ing  t h e  water up the  water s h a f t  and i n t o  the  

compensation pond. The he ight  of  water i n  t h e  pond over t he  he ight  of  

water i n  t h e  cavern r ep re sen t s  t he  s t a t i c  pressure  i n  t h e  cavern. 

Because t h e  v a r i a t i o n s  i n  d i f f e r e n t i a l  water l e v e l  between the  cavern 

and t h e  pond a r e  smal l ,  t he  a i r  p re s su re  i n  t he  s to rage  cavern i s  

e s s e n t i a l l y  cons tan t  and independent of t h e  amount of a i r  s t o r e d .  

During t h e  gene ra t ion  mode, a i r  i s  taken from t h e  cavern and passed 

i n t o  t h e  gas t u r b i n e .  ' As the  a i r  i s  taken from the  cavern,  water flows 

down t h e  water s h a f t ,  r ep l ac ing  the  volume of t h e  a i r  removed and 

keeping t h e  a i r  i n  t he  cavern a t  a  r e l a t i v e l y  cons tan t  pressure .  This  

a l lows t h e  e n t i r e  mass of a i r  i n  t h e  cavern t o  be used a t  cons tan t  

pressure .  The d i f f e r e n c e  i n  water  l e v e l  between beginning and end of 

t h e  power cyc l e  w i l l  be about 35 f e e t  with the  planned des ign .  This  

r e l a t e s  t o  a  change i n  s t o r a g e  p re s su re  of about 15 p s i .  



2.6 CAVERN REQUIREMENTS 

The cavern  i s  used t o  s t o r e  t h e  a i r  which i s  compressed dur ing  t h e  

of  f-peak hours  . 

It  i s  envis ioned  t h a t  t h e  cavern may be composed of four  main t unne l s  

400 f e e t  long and 80  f e e t  by 60 f e e t  i n  c r o s s  s e c t i o n .  The tunne l s  a r e  

cross-connected a t  both ends f o r  a  t o t a l  cavern volume of approximately 

7 .5  m i l l i o n  cub ic  f e e t  (213,500 m3). 

/ 

The cave rn  i s  planned t o  be excavated out of t h e  bedrock, approximately 

1,800 f e e t  ( 5 5 0  metc rc )  bclow t h c  cu r f acc .  With watcr  compcnoation t h i s  

w i l l  r e s u l t  i n  a  minimum cavern head p re s su re  of  50 t o  52 b a r  a t  t h e  end 

o f  t h e  power g e n e r a t i o n  per iod .  

A s i n g l e  a i r  l i n e  w i l l  be used a s  both t h e  f i l l  and d i scha rge  f o r  t h e  

cavern .  Appropriate  v a l v i n g  w i l l  be provided a t  t h e  s u r f a c e  t o  d i r e c t  

t h e  a i r  t o  t h e  gas  t u r b i n e  o r  a l low compressed a i r  t o  e n t e r  the  cavern. 



3 . 0  PLANT INTERFACES WITH THE ENVIRONMENT 

3 . 1  CAES--AIR QUALITY 

The d e s i g n  concept  o f  a  CAES sys tem a l l o w s  f o r  t h e  power g e n e r a t i n g  mode 

t o  b e  o p e r a t e d  w i t h o u t  a  compressor ,  which normal ly  d e c r e a s e s  t h e  n e t  

power o u t p u t  o f  t h e  g a s  t u r b i n e  by a t  l e a s t  60 p e r c e n t .  Th i s  r e d u c t i o n  

i n  f u e l  usage  r e s u l t s  i n  a n  e q u i v a l e n t  r e d u c t i o n  o f  a i r  p o l l u t a n t  

e m i s s i o n s .  T h i s  r e d u c t i o n ,  i n  t u r n ,  p r e c l u d e s  t h e  need f o r  any s p e c i a l  

a i r  p o l l u t i o n  c o n t r o l s .  

I n  a  220-MW n e t  c a p a c i t y  g a s  t u r b i n e  CAES p l a n t ,  t h e  f u e l  consumption 

d u r i n g  t h e  peak power g e n e r a t i n g  mode i s  a p p r o x i m a t e l y  100 g a l l o n s  p e r  

minu te  o f  a  Number 2  f u e l  o i l .  Number 2  i s  a  l i g h t  d i s t i l l a t e  o i l  w i t h  

a  maximum (A.p.1.) s u l f u r  c o n t e n t  o f  0.7 p e r c e n t  by weight  and 

n e g l i g i b l e  a s h  c o n t e n t .  To p r o v i d e  adequa te  s t o r a g e  f o r  up t o  90 d a y s  

o f  1 l -hour-per-day o p e r a t i o n ,  two t a n k s  c a p a b l e  o f  s t o r i n g  3  m i l l i o n  

g a l l o n s  each w i l l  be  r e q u i r e d .  

A g a s  t u r b i n e  g e n e r a t i o n  sys tem u t i l i z i n g  CAES w i l l  emit  t h e  same t y p e s  

of  p o l l u t a n t s  a s  a n  o i l - f i r e d  g a s  t u r b i n e  g e n e r a t i o n  f a c i l i t y .  However, 

because  a  CAES g a s  t u r b i n e  f a c i l i t y  u t i l i z e s  two- th i rds  l e s s  f u e l  t h a n  a  

s t a n d a r d  g a s  t u r b i n e  g e n e r a t o r ,  t h e  t o t a l  amount of  a i r  p o l l u t a n t s  

e m i t t e d  from t h e  CAES f a c i l i t y  w i l l  be approx imate ly  o n e - t h i r d  o f  t h a t  

e m i t t e d  by a  s t a n d a r d  g a s  t u r b i n e  g e n e r a t o r .  A t  a  f u e l  consumption r a t e  

o f  100 g a l l o n s  p e r  minu te  t h e  e m i s s i o n  r a t e s  o f  s u l f u r  d i o x i d e ,  n i t r o g e n  

o x i d e s ,  p a r t i c u l a t e s ,  ca rbon  monoxide, and hydrocarbons ,  a r e  a s  shown i n  

T a b l e  3.1-1. The a l l o w a b l e  e m i s s i o n  r a t e s  f o r  s u l f u r  d i o x i d e  and 

n i t r o g e n  o x i d e s  a s  d e f i n e d  by U . S .  EPA New Source  Performance S t a n d a r d s  

(NSPS), a r e  a l s o  g i v e n  i n  T a b l e  3.1-1. 



T a b l e  3.1-1 A i r  P o l l u t a n t  Emiss ion Rates* 
From 220-MW CAES Gas Turb ine  P l a n t  

Suspen- 
ded Hyd ro- 

S u l f u r  Ni t rogen  P a r t  i- Carbon c a r -  
Dioxide Oxides c u l a t e s  Monoxide bons 

P r e d i c t e d  Emiss ion Ra te  
l b / h r  616t 406.8 30 92.4 33.4 
PPm <I40  220 -- -- -- 

NSPS a l l o w a b l e  r a t e  
P P  150** 250 N.S.tt N.S. t t  N . s ' . ~ ?  

* As de te rmined  from e m i s s i o n  f a c t o r s  o b t a i n e d  i n  U.S. EPA document 
AP-42, 1973, a s  upda ted  through Supplement I X ,  and from s t a n d a r d  
combustion c a l c u l a t i o n s .  

t Assumes maximum s u l f u r  c o n t e n t  i n  f u e l  of 0 .7  p e r c e n t .  

** 0.015 p e r c e n t  by volume a t  15 p e r c e n t  oxygen, d r y  b a s i s .  

t t No s t a n d a r d  h a s  been e s t a b l i s h e d .  

Source:  ESE, 1981. 



The a i r  q u a l i t y  impacts  o f  a i r  e m i s s i o n s  must be  e v a l u a t e d  i n  o r d e r  t o  

o b t a i n  i n f o r m a t i o n  on t h e  s i g n i f i c a n c e  o f  t h e s e  e m i s s i o n  r a t e s .  Such 

f a c t o r s  a s  h e i g h t  o f  e m i s s i o n s  r e l e a s e  above g r a d e  ( s t a c k  h e i g h t ) ,  

e x h a u s t  g a s  e x i t  v e l o c i t y ,  e x i t  g a s  t e m p e r a t u r e ,  and meteorology a l l  

have a  s i g n i f i c a n t  impact on t h e  d i s p e r s i o n  o f  t h e s e  a i r  p o l l u t a n t s  and 

t h e r e f o r e  on t h e  r e s u l t a n t  impact on ambient a i r  q u a l i t y .  

I n  o r d e r  t o  p r o p e r l y  a s s e s s  t h e  a i r  q u a l i t y  impacts  of  a  t y p i c a l  220-MW 

n e t  c a p a c i t y  CAES g a s  t u r b i n e  f a c i l i t y ,  d i s p e r s i o n ' m o d e l i n g ,  employing 

t h e  U.S. EPA-approved " I n d u s t r i a l  Source  Complex" (1SC) model,  was 

employed. S c r e e n i n g  model ing,  u s i n g  a  f u l l  y e a r  o f  m e t e o r o l o g i c a l  d a t a  

r e p r e s e n t a t i v e  o f  m i d - c e n t r a l  I l l i n o i s ,  was conducted employing bo th  t h e  

normal ISC d i s p e r s i o n  a l g o r i t h m  a s  w e l l  a s  t h e  downwash a l g o r i t h m .  The 

i n p u t s  f o r  CAES p l a n t  ISC model ing a r e  shown i n  T a b l e  3.. 1-2. The ISC 

model r e s u l t s  a r e  g i v e n  i n  T a b l e  3.1-3. Because d i s p e r s i o n  modeling o f  

one p o l l u t a n t  c a n  be e x t r a p o l a t e d  by a  s i m p l e  r a t i o  o f  t h e  e m i s s i o n  r a t e  

f o r  t h e  d e s i r e d  p o l l u t a n t  t o  t h a t  o f  t h e  modeled p o l l u t a n t ,  o n l y  t h e  

s u l f u r  d i o x i d e  e m i s s i o n s  were used i n  t h e  ISC model. 

A s  shown i n  T a b l e  3.1-3, ISC model r e s u l t s  p r e d i c t  t h e  h i g h e s t ,  second 

h i g h e s t  c o n c e n t r a t i o n s  o f  s u l f u r  d i o x i d e  e m i s s i o n s  t o  be  below 

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  (PSD) s i g n i f i c a n c e  l e v e l s  f o r  

b o t h  t h e  3-hour and 24-hour a v e r a g i n g  p e r i o d s  when normal d i s p e r s i o n  

c o n d i t i o n s  a r e  c o n s i d e r e d .  The e m i s s i o n s  a r e  a l s o  below the  3-hour and 

o n l y  s l i g h t l y  above t h e  24-hour a v e r a g i n g  p e r i o d s  when t h e  downwash 

o p t i o n  i s  c o n s i d e r e d .  These p r e d i c t e d  v a l u e s  a r e  below t h e  l e v e l s  
i) 

e s t a b l i s h e d  a s  Ambient A i r  Q u a l i t y  S t a n d a r d s  (AAQS), which a r e  shown i n  

Tab le  3.1-3. 

The h e a t  i n p u t  t o  t h e  22U-MW C A E S  p l a n t  ( 8 4 6  x  lo6 b e u / h r )  q u a l i f i e s  

t h i s  f a c i l i t y  a s  a  major  new s o u r c e  a s  d e f i n e d  by t h e  U.S. EPA 

R e g u l a t i o n s  f o r  the 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 .  Under 



Table 3.1-2.  ISC Model Input Parameters for SO2 

Emission Rate Stack Exit Stack Exit Building 
(grams/sec> Height Veloc i ty  Diam- Temp. IIeight Lengtti Width 

e t e r  
(m) imlsecj imZ ( ' a )  (m) (m> (m) 

Source: ESE, 1981. 



Table  3.1-3. Maximum A i r  Q u a l i t y  Impact f o r  a 220-MW CAES Gas Turb ine  P l a n t  

Highest  2nd-Highes t AAQs PS D 
SO2 C o n c e n t r a t i o n s  Primary Secondary S i g n i f i c a n c e  Level  

C o n c e n t r a t i o n  Downwind 
P e r i o d  (ug/m3) ~ i s t  ance(m) (ug/m3) (ug/m3) (ug /m3 1 

Without Downwash 
3-hr 16.6 1 . 3  N / A t  1300-k 

24-hr 2.45 1 .3  36 5* N/ At  
With Downwash 

3 - h r  21.0 2 . 3  N / A t  1300" 
24-hr 5.7 2.3 365" N/ A t  

t N / A  = No s t a n d a r d  e x i s t s .  
* Maximum c o n c e n t r a t i o n  n o t  t o  be exceeded more t h a n  

once per  y e a r .  

Source:  ESE, 1981. 



t h e s e  r e g u l a t i o n s ,  no new major  s o u r c e  o r  major  m o d i f i c a t i o n  c a n  u t i l i z e  

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

measured i n  t e rms  o f  p o l l u t a n t  c o n c e n t r a t i o n  f o r  s u l f u r  d i o x i d e  and 

p a r t i c u l a t e  m a t t e r .  The maximum a l l o w a b l e  i n c r e a s e  ( inc rement  

consumption)  i n  s u l f u r  d i o x i d e  and p a r t i c u l a t e  m a t t e r  a i r  q u a l i t y  l e v e l s  

by a r e a  c l a s s i f i c a t i o n  i s  g i v e n  i n  T a b l e  3.1-4. .Most a r e a s  o f  t h e  

c o u n t r y  a r e  d e s i g n a t e d  a s  C l a s s  I1 f o r  a i r  q u a l i t y ,  w h i l e  n a t i o n a l  p a r k s  

and n a t i o n a l  w i l d e r n e s s  a r e a s  a r e  d e s i g n a t e d  a s  C l a s s  I. A s  may be 

obse rved  from t h i s  t a b l e  and t h e  model ing r e s u l t s  g i v e n  i n  T a b l e  3.1-3, 

t h e  CAES f a c i l i t y  w i l l  consume a  smal l  f r a c t i o n  o f  t h e  a v a i l a b l e  PSD 

inc rement  i n  C l a s s  I1 Areas. Due t o  t h e  l o c a t i o n  o f  t h e  h i g h e s t  and 

second h i g h e s t  impact c o n c e n t r a t i o n s ,  i t  shou ld  be e a s y  t o  l o c a t e  t h e  

CAES f a c i l i t y  f a r  enough from any C l a s s  I a r e a s  i n  o r d e r  t o  e f f e c t  

minimal PSD inc rement  consumption.  

I n  summary, i t  may be  conc luded  t h a t  t h e  impac t s  o f  a i r  p o l l u t a n t  

e m i s s i o n s  from a  220-MW n e t  c a p a c i t y  g a s  t u r b i n e  power g e n e r a t i n g  p l a n t  

on ambient  a i r  q u a l i t y  a r e  much l e s s  t h a n  AAQS o r  PSD inc rements .  



Table 3.1-4. Federa l  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  
Increments (ug/m3) 

Pol lu tan t /Averag ing  Time 
Class  

I I I I1 I 

P a r t i c u l a t e  Matter  

Annual Geometric Mean 
24-hour Maximum* 

Su l fu r  Dioxide 

Annual Ar i thmet ic  Mean 2 20 40 
24-hour Maximum* 5 9 1 182 
3-hour Maximum* 25 5 12 700 

"Increment can be exceeded once per  year  f o r  each c l a s s .  

Sources: Pub l i c  Law 95-95, Clean A i r  Amendments o f  1977. 
Federa l  Reg i s t e r ,  Vol. 43, No. 118, June 19, 1978. 



3.2.1 WATER SUPPLY--GENERAL CAES FACILITY 

CAES f a c i l i t i e s  r e q u i r e  water  f o r  compression coo l ing ,  a  water  

compensation system, a i r  q u a l i t y  c o n t r o l ,  water  t r ea tmen t ,  s a n i t a r y  

wa te r  supply ,  and o t h e r  misce l laneous  uses .  

\.,( Coollng water w i l l  be t h e  major o p e r a t i o n a l  water use f o r  a  CAES 

f a c i l i t y .  The amount of water  needed w i l l  va ry  depending upon cool ing  

method chosen, and i n  t h e  case  of coo l ing  towers ,  q u a l i t y  of  water 

sou rce .  The water  compensation system needs w i l l  c o n s i s t  of an i n i t i a l  

f i l l i n g  of  t h e  r e s e r v o i r  and evapora t ion  makeup t o  t h e  r e s e r v o i r .  The 

need f o r  makeup water  eo the reservoir w i l l  depend on t h e  balance 

between r a i n f a l l  and evapora t ion  and seepage l o s s e s  from t h e  r e s e r v o i r .  

Water may be r equ i r ed  f o r  n i t rogen  d iox ide  c o n t r o l  of  t h e  gas  t u r b i n e  

exhaus t .  The need f o r  c o n t r o l  of n i t r o g e n  d iox ide  w i l l  depend mainly 

upon t h e  s i z e  o f  t h e  f a c i l i t y .  Water w i l l  a l s o  be r equ i r ed  f o r  

ope ra t i ons  such as f i l t e r  backwash and r e s i n  r i n s e .  These needs w i l l  b e  

based upon water  q u a l i t y  des ign  needs and the  q u a l i t y  of t h e  water  

sou rce .  S a n i t a r y  water  and o t h e r  misce l laneous  uses  w i l l  be ex t remely  

sma l l  due t o  t h e  l i m i t e d  manpower needed t o  ope ra t e  a CAES f a c i l i t y .  

The water  source  f o r  a CAES f a c i 1 i t . y  may be e i t h e r  s u r f a c e  water o r  

ground water .  Permits  f o r  c o 6 s t r u c t i n g  a  s u r f a c e  water  i n t a k e  s t r u c t u r e  

may be r equ i r ed  from t h e  U.S. Army C6rps o f  EiIgineerS. Scare permics 

may be r equ i r ed  f o r  s u r f a c e  water o r  groundwater withdrawals .  

3.2.1.1 SOYLAND CAES PROJECT 

The 220-MW CAES f a c i l i t y  planned f o r  I l l i n o i s  by Soyland may use 

mechanical coo l ing  towers .  The average flow r a t e  through t h e  cool ing  

system w i l l  be  approximately 50,000 gpm. The maximum d r i f t  and 



evapora t ion  l o s s e s  from t h e  cool ing  system w i l l  be 1,100 t o  1;200 gpm. 

Blowdown from t h e  system, based upon keeping t h e  d i s so lved  s o l i d s  i n  t h e  

c i r c u l a t i n g  water  a t  four  t imes t h e  incoming concen t r a t i on ,  w i l l  be 

about 300 t o  350 gpm. Therefore ,  t h e  maximum makeup t o  t h e  cool ing  

system w i l l  be approximately 1,400 t o  1,550 gpm. 

The water compensation system w i l l  r e q u i r e  an i n i t i a l  57 m i l l i o n  g a l l o n s  

of  water t o  f i l l  t h e  r e s e r v o i r .  Assuming seepage l o s s e s  from t h e  

r e s e r v o i r  a r e  n e g l i g i b l e ,  makeup water t o  t h e  r e s e r v o i r  w i l l  not be  

needed except  i n  ca se s  of extreme drought .  

Other water needs w i l l  probably amount t o  l e s s  than  10 gpm. Water 

i n j e c t i o n  f o r  n i t r o g e n  d ioxide  c o n t r o l  i s  not expected t o  be r equ i r ed  

f o r  t h e  Soyland f a c i l i t y .  Water f o r  t rea tment  needs such a s  f i l t e r  

backwash and r e s i n  r egene ra t i on  w i l l  vary depending on water  source  

q u a l i t y ,  but l i k e l y  w i l l  average l e s s  than  10 gpm. S a n i t a r y  and 

miscel laneous water  needs w i l l  be minimal. 

Surface water  w i l l  l i k e l y  be t h e  primary water  source .  However, i n  

. a r e a s  where average w e l l  y i e l d s  a r e  expected t o  exceed 500 gpm, 

ground water may be an op t ion .  Permi ts  from t h e  U.S. Army Corps o f  

Engineers  and t h e  I l l i n o i s  Department of T ranspo r t a t i on  (DOT) w i l l  be 

r equ i r ed  f o r  t h e  s u r f a c e  water i n t a k e  s t r u c t u r e .  Water withdrawal 

permi ts  may be r equ i r ed  from t h e  I l l i n o i s  DOT, Div is ion  of Water 
. . 

Resources. 

. 3.2.2 WATER DISCHARGES--GENERAL CAES FACILITY 

Poss ib l e  sou rces  of  water  d i s cha rges  from a CAES f a c i l i t y  i nc lude :  

1. Blowdown from coo l ing  systems. This  could be blowdown from 

cool ing  towers ,  overf low from cool ing  ponds, o r  once-through 

cool ing .  

/ 



2. Overflow and/or  blowdown from t h e  water-compensating r e s e r v o i r .  

Overflow w i l l  occur  p e r i o d i c a l l y  i n  a r e a s  where r a i n f a l l  i s  

g r e a t e r  t han  evapora t ion .  Blowdown w i l l  occur  i f  t h e  r e s e r v o i r  

needs t o  be emptied f o r  maintenance reasons .  

3 .  Discharge from water  t rea tment  ope ra t i ons .  This  could i n c l u d e .  

f i l t e r  backwash, r e s i n  r i n s e  wa te r ,  s ludge dewater ing ,  e t c .  

4. Sewage p l a n t  d i s cha rges .  

5 .  Oily wastes  from f u e l  s t o r a g e  and p l a n t  s e r v i c e  d r a i n s .  

A l l  d i s cha rges  must meet gene ra l  e f f l u e n t  s t anda rds  under t h e  Nat ional  

P o l l u t i o n  Discharge E l imina t ion  System (NPDES) permit  system. 

3.2.2.1 CAES PROJECT 

The 220-MW CAES f a c i l i t y  planned by Soyland w i l l  have water  d i s cha rges  

averag ing  350 t o  400 gpm. The major d i s cha rge ,  blowdown from t h e  

coo l ing  tower, w i l l  be approximately 300 t o  350 gpm. T o t a l  d i s so lved  

s o l i d s ,  s u l f a t e s ,  c h l o r i d e s ,  chemicals f o r  b i o l o g i c a l  c o n t r o l  (probably 

c h l o r i n e ) ,  and thermal  d i s cha rge  a r e  p o l l u t a n t s  l i k e l y  t o  e x i s t  i n  t h i s  

source .  

Overflow from t h e  water-compensating r e s e r v o i r  may be an occas iona l  

d i s c h a r g e  depending on l o c a l  hyd ro log ica l  cond i t i ons .  R a i n f a l l  exceeds 

l ake  evapora t ion  i n  I l l i n o i s  by 0  t o  10 inches.  Discharges from t h e  

r e s e r v o i r  source  w i l l  probably average l e s s  t han  5 gpm annually and w i l l  

have l i t t l e  p o t e n t i a l  f o r  ca r ry ing  . p o l l u t a n t s .  . 

Discharge from t h e  demine ra l i ze r  p l a n t  w i l l  va ry  depending on water  

source  and water  q u a l i t y  requi rements  and w i l l  l i k e l y  average l e s s  than  

10 gpm. This  d i s cha rge  w i l l  c o n t a i n  s a l t s  removed i n  t h e  demine ra l i ze r  

and r e g e n e r a t i o n  chemicals .  



Sewage p l a n t  d i s c h a r g e s  w i l l  be  e x t r e m e l y  s m a l l  because  o f  t h e  l i m i t e d  

manpower needs .  O i l  and g r e a s e  from f u e l . s t o r a g e  and p l a n t  s e r v i c e  

d r a i n s  w i l l  a l s o  be minimal.  

I n  a d d i t i o n  t o  m e e t i n g ' e f f l u e n t  s t a n d a r d s  under  t h e  NPDES permit  sys tem,  

t h e s e  d i s c h a r g e s  must n o t  v i o l a t e  I l l i n o i s  wa te r  q u a l i t y  s t a n d a r d s  a s  

e s t a b l i s h e d  by t h e  I l l i n o i s  EPA. The w a t e r  q u a l i t y  s t a n d a r d s  a r e  based 

upon a n  a l l o w a b l e  mixing zone assuming a  7-day, 10-year low f low i n  t h e  

r e c e i v i n g  s t r e a m .  T h e r e f o r e ,  q u a l i t y  and mixing c h a r a c t e r i s t i c s  o f  t h e  

r e c e i v i n g  s t r e a m  a r e  major  f a c t o r s  i n  meet ing pe rmi t  r e q u i r e m e n t s .  



3.3 A I R  STORAGE SYSTEMS 

CAES systems can use e i t h e r  a subsur face  cavern o r  a s a t u r a t e d ,  porous 

g e o l o g i c  formation f o r  s t o r a g e  of compressed a i r .  Storage of  compressed 

a i r  i n  a porous geo log ic  formation,  such a s  a groundwater a q u i f e r ,  i s  

c u r r e n t l y  a s u b j e c t  of  r e sea rch  and development. 

There a r e  two b a s i c  t ypes  of a i r  s t o r a g e  c a v i t i e s  o r  caverns :  ( 1 )  t h e  
. . 

uncompensated, constant-volume cavern,  and (2 )  t h e  water-compensated, 

cons t an t -p re s su re  cavern.  Ln t h e  uncompensated cavern ,  a i r  must be 

s t o r e d  a t  greater-than-demand p re s su re  and r e l ea sed  du r ing  power 

gene ra t i on .  I n  t h e  compensated cavern ,  a water  r e s e r v o i r  feeds  water  

i n t o  t h e  bottom of t h e  cavern  a s  a i r  i s  r e l e a s e d ,  main ta in ing  a 

r e l a t i v e l y  cons t an t  cavern  p re s su re .  The compensated caverns ope ra t e  a t  

a lower s t o r a g e  p r e s s u r e  than t h e  uncompensated caverns and can u s u a l l y  

be  cons t ruc t ed  i n  e q u i l i b r i u m  wi th  t h e  f l u i d  p re s su re  i n  t h e  surrounding 

rock ma t r ix .  

3 .3 .1  A I R  STORAGE CAVERNS 

Caverns f o r  s t o r a g e  of  compressed a i r  can be cons t ruc t ed  i n  e i t h e r  s a l t  

o r  ha rd  rock formations.  A s a l t  dome i s  c u r r e n t l y  being used i n  Germany 

f o r  s t o r a g e  o f  compressed a i r  a s  p a r t  of t h e  Huntorf CAES f a c i l i t y .  

S a l t  domes have t h e  necessary  s t r u c t u r a l  and geohydro logica l  p r o p e r t i e s  

t o  c o n t a i n  t h e  compressed a i r  and can be mined by s o l u t i o n  r a t h e r  than  

tunne l  mining. The Huntorf s a l t  dome cavern  was cons t ruc ted  us ing  

s o l u t i o n  mining techniques .  A f e a s i b i l i t y  s tudy  and environmental  

assessment  have been completed f o r  Middle South Serv ices  i n  Louis iana  

f o r  a s a l t  dome CAES f a c i l i t y .  I n  Kansas, a geo log ica l  assessment of  a 

mined cavern  i n  s a l t  was conducted by EPRI, and Alabama E l e c t r i c  

Cooperat ive i s  c u r r e n t l y  i n v e s t i g a t i n g  t h e  use of a s a l t  dome f o r  a CAES 

system. 



S a l t  formations a r e  wel l  s u i t e d  f o r  t h e  uncompensated type  of a i r  

s t o r a g e  caverns .  The Huntorf CAES f a c i l i t y  uses  an uncompensated a i r  

s t o r a g e  cavern.  S a l t  formations a r e  r e l a t i v e l y  easy  t o  mine compared t o  

hard rock caverns .  The uncompensated type  of cavern can be cons t ruc t ed  

economically i n  s a l t .  

S a l t  formations a r e  not always a v a i l a b l e  f o r  c o n s t r u c t i o n  of an a i r  

s t o r a g e  cavern.  As a r e s u l t ,  a number of  u t i l i t i e s  a r e  i n v e s t i g a t i n g  

t h e  use of hard rock a i r  s t o r a g e  caverns f o r  CAES f a c i l i t i e s .  Potomac 

E l e c t r i c  Power Company (PEPCO), i n  Maryland, r e c e n t l y  completed a 

f e a s i b i l i t y  s tudy f o r  a CAES f a c i l i t y  us ing  a water-compensated hard 

rock cavern.  Soyland 's  planned CAES f a c i l i t y  w i l l  a l s o  use a hard rock  

water-compensated s t o r a g e  cavern.  

3.3.2 HARD ROCK WATER-COMPENSATED CAVERNS 

The water-compensated cavern s t o r e s  compressed a i r  a t  s l i g h t l y  g r e a t e r -  

than-required t u r b i n e  p re s su re .  A s  a i r  i s  r e l ea sed  from t h e  s to rage  

cavern,  water  e n t e r s  from t h e  bottom and d i s p l a c e s  t h e  a i r .  The 

proposed Soyland CAES f a c i l i t y  w i l l  r e q u i r e  a water-compensated cavern  

a t  a depth of  1,700 t o  2,000 f e e t  t o  provide s u f f i c i e n t  hyd rau l i c  head 

t o  ba lance  approximately 800 p s i a  of  a i r  p r e s su re  i n  t h e  cavern.  I n  

o r d e r  t o  meet CAES d e s i g n  c r i t e r i a  f o r  t h e  220-MW Soyland CAES f a c i l i t y ,  

t h e  rock s t r a t a  must conform t o  t h r e e  parameters :  

1. The formation must be massive,  r e l a t i v e l y  impermeable, and 

capable  of  suppor t ing  underground mining. Precambrian 

g r a n i t e s ,  massive do lomi tes ,  and massive l imestones a r e  most 

l i k e l y  t o  s a t i s f y  t he se  c r i t e r i a .  

2.  The s t r a t i g r a p h i c  u n i t  must be a t  l e a s t  100 f e e t  t h i c k  t o  a l low 

excavat  ion .  

3. The s t r a t a  must occur  between 1,700 and 2,.500 f e e t  below ground 

s u r f a c e  because of t h e  r equ i r ed  hyd rau l i c  g r a d i e n t  of t h e  

compensation pond. 



A review of I l l i n o i s  geology determined t h a t  f i v e  major geo log ica l  u n i t s  

have t h e  p o t e n t i a l  t o  conform t o  t h e  p rev ious ly - l i s t ed  parameters :  

43 e - Rock Unit 

Precambrian A l l  g r a n i t e s  

Cambrian Lombard Dolomite of Eau C l a i r e  Formation 

Cambrian Knox Dolomite Megagroup 

Ordovician Ottawa Limestone Megagroup 

S i  l u r i a n  and Devonian Hinton Limestone Megagroup 

Based upon t h e  S i t i n g  S e l e c t i o n  Study conducted by ESE (1981) Soyland 's  

planned CAES f a c i l i t y  w i l l  probably be cons t ruc t ed  i n  wes te rn  I l l i n o i s .  

The geo log ic  formations a t  a  depth of 1,800 t o  2,000 f e e t  i n  t h i s  p a r t  

o f  I l l i n o i s  appear  t o  have t h e  necessary  rock p r o p e r t i e s  f o r  

c o n s t r u c t i o n  o f  . the a i r  s t o r a g e  cavern.  The rock must have a  s t r e n g t h  

g r e a t e r  than  15,000 p s i a  and must be f a i r l y  massive.  The Cambrian 

dolomi tes  and Precambrian c r y s t a l l i n e  rocks,  at a depth  of 1 ,800 t o  

2,000 f e e t ,  meet t h e s e  requi rements .  

The a l r  s t o r a g e  cavern f o r  che Soyland CAES i a c i l i ~ y  wvuld l ~ e  expected 

t o  o p e r a t e  a t  approximately 800 p s i a .  This  p r e s su re  is  g r e a t e r  than t h e  

r equ i r ed  i n l e t  p r e s s u r e  f o r  t h e  CAES system t u r b i n e ,  which a l lows  f o r  

l i n e ,  f i t t i n g ,  and cave rn  l o s s e s .  Line s t o r a g e  volume of  t h e  

underground r e s e r v o i r  would be approximately 7.5 m i l l i o n  cub ic  f e e t  

(213,500 m3). A workable concept would be f o u r  inter-connected 

t u n n e l s ,  each approximately 400 f e e t  long. A diagram of  such a  cavern 

system i s  shown i n  F igu re  3.3-1. The f i n a l  c ros s - sec t iona l  a r e a ,  t unne l  

l e n g t h ,  and d e s i g n  would depend on t h e  s t r u c t u r a l  p r o p e r t i e s  of  t h e  rock 

being mined. The t u n n e l s  of t h e  s t o r a g e  cavern would be arch-shaped, 

80  f e e t  h igh  i n  t h e  c e n t e r ,  and approximately 60 f e e t  wide a t  t h e  base .  

The opt imal  des ign  depth  of t h e  underground s t o r a g e  r e s e r v o i r  f o r  

Soyland ' s  proposed CAES system i s  1,800 t o  2,000 f e e t  below land 

s u r f a c e .  This  depth  range a l lows  f l e x i b i l i t y  i n  t h e  type  of rock mined 





and provides sufficient hydraulic head to maintain the reservoir at 

approximately 800 psia. The actual hydraulic head in the surrounding 

rock will also be important in determining the optimal design depth. 

Construction of an underground storage reservoir in close hydraulic 

equilibrium with the surrounding rock will minimize air loss. 

The water shaft leading to the underground reservoir would be 

approximately 16 feet (5 meters) in diameter and the air shaft 

approximately 5 feet (1.5 meters) in diameter. The 16-foot shaft would 

provide access during excavation of the underground air storage 

reservoir. During excavation, there will be water in the surrounding 

rock at hydrostatic pressures less than 800 psia that will seep into the 

mined cavern. Water influx into the mined portion of the underground 

reservoir could range from 50 to 5,000 gpm. The actual rate of seepage 

will depend on the permeability of the rock and the effectiveness of 

grouting or other sealing procedures if used. A schematic of a typical, 

water-compensated CAES plant, showing both construction and operating 

characteristics, is presented in Figure 3.3-2. 

During excavation of the underground air storage cavern for the CAES 

facility in Illinois, approximately 7.5 million cubic feet of rock will 

be removed. 'l'hls rock material will be either Precambrian dolomite or 

Cambrian rock and would provide excellent aggregate material for use in 

construction of the surface structures for the CAES facility, such as 

the water compensation reservoir. 

Construction of the air storage caverns will result in some temporary 

dust and noise problems; however, no significant adverse environmental 

effects are anticipated. 

During operation of the Soyland CAES system, air and water will cycle in 

and out of the air storage cavern. In a water compensation system, 

the "champagne effect" can occur. The champagne effect is caused by 



Figure 3.3-2 

TYPllCAL WATER-COMPENSATED CAES PLANT 
DESIGN AND CONSTRUCTION 

SOURCE: OILL. 1078. 

CAES TECHNOLOGY 
ASSESSMENT 



w a t e r  i n  t h e  c a v e r n  becoming s a t u r a t e d  w i t h  a i r .  The a i r  t h e n  works i t s  

way th rough  t h e  U-tube (shown i n  F i g u r e  3.3-3) and up t h e  w a t e r  s h a f t .  

I f  enough bubbles  form and r i s e ,  t h e  a i r - w a t e r  m i x t u r e  w i t h  i t s  lower 

d e n s i t y  w i l l  c a u s e  l o s s  o f  h y d r a u l i c .  we igh t .  The a i r - w a t e r  m i x t u r e  w i t h  

i t s  lower d e n s i t y  w i l l  c a u s e  a  l o s s  of h y d r a u l i c  head on t h e  compressed 

a i r  mass. T h i s  c a n  r e s u l t  i n  s t a b l e  o r  u n s t a b l e  f low t r a n s f e r s .  The 

Department o f  Energy and EPRI  have conducted on-going e x p e r i m e n t a l  

s t u d i e s  and concluded t h a t  t h e  champagne e f f e c t  can  be c o n t r o l l e d  t o  a  

minor o p e r a t i o n a l  t r a n s i e n t  w i t h  p r o p e r  e n g i n e e r i n g .  

The Soyland sys tem w i l l  be c o n s t r u c t e d  t o  c o n t r o l  t h e  champagne e f f e c t .  

By o v e r s i z i n g  t h e  a i r  s t o r a g e  c a v e r n  s l i g h t l y ,  i n c r e a s i n g  f r i c t i o n  i n  

t h e  w a t e r  compensat ion sys tem,  and hav ing  a  s u f f i c i e n t l y , d e e p  U-tube, 

t h e  champagne e f f e c t  can  be c o n t r o l l e d .  

During t h e  c h a r g i n g  c y c l e ,  t h r e e  compressors  i n  s e r i e s  would charge  a i r  

i n t o  t h e  s t o r a g e  c a v e r n  at  800 p s i a .  The compressors  can produce 

5.29 x lo8 B t u / h r  o f  h e a t .  T h i s  h e a t  would be removed by a  s e r i e s  o f  

i n t e r c o o l e r s  and a f t e r c o o l e r s  t h a t  c o o l  bo th  t h e  compressors  and t h e  

compressed a i r .  Cool ing t h e  compressed a i r  r educes  t h e  r e q u i r e d  s t o r a g e  

volume. The c o o l i n g  sys tem would p robab ly  be a  c losed- loop  mechanical  

c o o l i n g  tower  w i t h  5.5 x  lo8 ~ t u / h r  c a p a c i t y .  
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3 . 4  CAES NOISE CONSIDERATIONS 

The a i r  q u a l i t y  impacts of  a  220-MW CAES power p l an t  have been shown t o  

be  r e l a t i v e l y  i n s i g n i f i c a n t ;  however, t h e  n o i s e  l e v e l s  generated by t h e  

same f a c i l i t y  a r e  an important cons ide ra t i on .  Whereas t he  source  of  

a i r  p o l l u t a n t  emiss ions  i s  only t h e  t u r b i n e  exhaust  a t  t h e  s t a c k ,  t h e  

major sou rces  of  n o i s e  gene ra t i on  a r e  nrlmarol.1~: 

1. A i r  i n t a k e  ( f o r  t h e  compressor) ,  

3 .  Comprcooor, 

3 .  Blow-off va lve ,  

4. Turbine exhaus t  ( s t a c k ) ,  

5.  Gas t u r b i n e ,  and 

6 .  Cooling t o w e r ( s ) .  

Each o f  t h e s e  sources  gene ra t e s  a  d i f f e r e n t  no i se  i n t e n s i t y  and frequen- 

cy p a t t e r n ,  which s i n g l y  o r  i n  combination can c r e a t e  a  h igh  l e v e l  i f  

l e f t  unabated. T h r ~ u g h  incarporat ion  nf apprnpri  ate rlesi.gn f e a t u r a s  the 

i n t e n s i t y  of  genera ted  no i se  can be reduced t o  an accep tab l e  l e v e l .  

Tables  3.4-1 and 3 .4 -2  show t h e  d a y t i m ~  and night t ime sound preseure  

l e v e l s ,  r e s p e c t i v e l y ,  t h a t  cannot be exceeded i n  I l l i n o i s .  When n o i s e  

i s  emi t ted  t o  any r e c e i v i n g  Class  A land from any property-  l i n e  no i se  

sou rce  t h a t  i s  l oca t ed  on e i t h e r  C la s s  A,  B ,  o r  C l and ,  i t  must be 

measured a t  any po in t  w i t h i n  such r e c e i v i n g  C la s s  A l and .  However, no 

measurement o t  sound p re s su re  l e v e l s  a r e  t o  be made l e s s  than  25 f e e t  

from such a  p rope r ty - l i ne  source.  A proper ty- l ine  no i se  source  i s  

de f ined  a s  "any equipwent o r  f a c i l i t y ,  o r  combination t h e r e o f ,  which 

o p e r a t e s  w i t h i n  any land use a s  s p e c i f i e d  by Rule 201 of  Chapter 8 o f  

t h e  I1 l i n o i s  Pol l u t  i o n  Cont ro l  Board Rules and Regula t ions .  Such 

equipment o r  f a c i l i t y ,  o r  combination t h e r e o f ,  must be capable  of 

e m i t t i n g  sound beyond t h e  p rope r ty  l i n e  of t h e  land on which i t  i s  

operated."  Land C la s s  des igna t ions  a r e  based on t h e  Standard Land Use 



Table 3.4-1. Sound Emitted t o  Class  A Land During Daytime Hours 

Octave Band 
Center Allowable Octave Band Sound Pressure Levels (dB) 

Frequency o f  Sound Emitted t o  any Receiving Class A Land from 
(Hertz) Class C Land Class B Land Class A Land 

Source: I l l i n o i s  EPA, 1981. 



T a b l e  3 . 4 - 2 .  Sound E m i t t e d  t o  C l a s s  A Land Dur ing  N i g h t t i m e  Hours  

Oc tave  Band 
C e n t e r  A l l o w a b l e  O c t a v e  Band Sound P r e s s u r e  Levels (dB) 

F requency  o f  Sound E m i t t e d  t o  any  R e c e i v i n g  C l a s s  A Land f rom 
( H e r t z )  C l a s s  C Land C l a s s  B Land C l a s s  A Land 

S o u r c e :  I l l i n o i s  EPA, 1981. 



Coding Manual (SLUCM) (1969) a s  developed by the  U.S. Departmemt of  

Transpor ta t  i on ,  Federa l .  Highway Adminis t ra t  ion.  

Table 3.4-3 shows t h e  CAES n o i s e  l e v e l s  by source.  A s  observed from 

Table '3.4-3, t h e  two most s i g n i f i c a n t  sources  of  n o i s e  emissions a r e  t h e  

a i r  i n t ake  ( s u c t i o n  p ipe)  t o  t h e  compressor and t h e  blow-off va lves .  

The blow-off va lves  can produce a  maximum l e v e l  o f  155 dB measured 

3  f e e t  from t h e  source .  Some a t t e n u a t i o n  would normally be r e a l i z e d  by 

increased  measurement d i s t a n c e  from t h e  source .  Since compliance with 

t h e  l e v e l s  g iven  i n  Tables  3.4-1 and 3.4-2 i s  determined a t  a  d i s t a n c e  

of  no g r e a t e r  than  25 f e e t  from t h e  source  p rope r ty  l i n e ,  t h e  l o c a t i o n  

of  each s e p a r a t e  source  with r e s p e c t  t o  t h e  p rope r ty  l i n e  can e f f e c t  a  

s i g n i f i c a n t  r educ t ion  i n  no i se  l e v e l  a t  t h e  measurement po in t .  However, 

un l e s s  t h e s e  d i s t a n c e s  a r e  g r e a t ,  meet ing t h e  d e s i r e d  sound p re s su re  

l e v e l s  a t  t h e  p rope r ty  l i n e  ( o r  up t o  25 f e e t  out  pas t  t h e  proper ty  

l i n e )  may be d i f f i c u l t  without  s p e c i a l  de s ign  cons ide ra t i on .  

Figure 3.4-1 i l l u s t r a t e s  no ise  r educ t ion  a s  a  func t ion  of d i s t a n c e  from 

t h e  source.  

Measures t h a t  can be taken  t o  a t t e n u a t e  t he  n o i s e  l e v e l  reaching  t h e  

proper ty- l ine  measurement po in t  and, more impor tan t ly ,  s e n s i t i v e  

r ecep to r s  such a s  dwell ings (Class  A Land) o r  p l aces  of bus iness  

(Class  B  and) a r e  v a r i e d .  These inc lude  dampers, i n s u l a t i o n ,  

s i l e n c e r s ,  b a f f l e s ,  de s ign  f e a t u r e s  such a s  a i r  i n l e t  s t r u c t u r e  s i z e  and 

shape,  o r i e n t a t i o n  of  a i r  i n l e t  s t r u c t u r e  and blow-off va lve  exhaus t ,  

t h e  use of  d e f l e c t i n g  e a r t h  berms, and noise-absorbing vege t a t i on  cover .  

None of t h e s e  measures w i l l  t o t a l l y  e l i m i n a t e  no i se  gene ra t i on  l e v e l s ,  

bu t  they may a i d  i n  t h e  a t t e n u a t i o n  of no ise  emi t ted  t o  an acceptab le  

leve  1. 

The assessment of s p e c i f i c  no i se  abatement methods i s  beyond t h e  scope 

of t h i s  document, s i n c e  t h e  l e v e l  of d e t a i l  r equ i r ed  t o  p rope r ly  make 



T a b l e  3-4.3. R a w  N o i s e  L e v e l s  by S o u r c e  f o r  a 220-MW CAES F a c i l i t y  

S U C T I O N  N O I S E ,  S U C T I O N  OPENING,  COMPRESSOR OPERATION 

( H Z )  32 64 125 250 500 ' lk 2k 4k 8k dB-A 

( d B )  120 120 120 128 135 140 140 135 130 145 

BLOW-OFF VALVES 

( H z )  125 250 500 1000 2000 4000 8000 16000 

( d B )  145 150 1 5 5  1 5 5  1 5 5  147 138 130 

GAS EXHAUST N O I S E  , STACK ( TURBINE OPERATION) 

( H z )  32 64 125 250 '500 lk 2k 4k 8k dB-A 

( d ~ )  103 105 107 103 102 100 90 . 80 65 107 

N O I S E  R A D I A T I O N  O F  THE B U I L D I N G  (INCLUDING TURBINE,  VALVES,  P I P I N G  AND 
COMPRESSION) 

( H z )  32 64 . 125 250 500 lk 2k 4k 8k 

( d ~ )  90 95 100 100 100 100 105 100 95 

COOLING P L A N T .  

( H Z )  32 64 125 250 500 lk 2k 4k 8k dB-A 

( d B )  110 110 110 102 102 102 102 100 97 110 

Source: ~ i i i n o i s  E P A ,  1981. 





such an  assessment i nvo lves  a  case-by-case and source-by-source s tudy o f  

a v a i l a b l e  a l t e r n a t i v e  no i se  abatement methods. Such f a c t o r s  a s  p l an t  

s i t e  e l e v a t i o n  wi th  r e s p e c t  t o  neighboring land a r e a s ,  surrounding 

topograph ica l  r e l i e f ,  and occurrence of  o t h e r  na tura l ly -occur r ing  no i se  

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

combinat ion can  have a  dramatic  e f f e c t  on t h e  l e v e l  o f  no ise  a t t e n u a t i o n  

r equ i r ed  a t  t h e  source  i n  o rde r  t o  meet both proper ty- l ine  and r e c e i v i n g  

land sound p r e s s u r e  l e v e l s .  



4.0 CAES COMPARISON WITH OTHER GENERATION OPTIONS 

4 . 1  FINANCIAL COMPARISONS 

Three  a l t e r n a t i v e  peak ing  power o p t i o n s  a r e  compared i n  t h i s  a n a l y s i s :  

1. Simple c y c l e  combustion t u r b i n e s ,  

2.  Combined c y c l e  combustion t u r b i n e s ,  and 

3 .  Compressed a i r  ene rgy  s t o r a g e  (CAES). 

Non-peaking energy  s o u r c e s  assumed i n  t h i s  a n a l y s i s  a r e  a  97-MW s h a r e  of  

a  n u c l e a r  f a c i l i t y  ( C l i n t o n  I )  a v a i l a b l e  i n  1983,  a  450-MW c o a l - f i r e d  

f a c i l i t y  a v a i l a b l e  i n  1987,  and a  second 450-MW c o a l - f i r e d  f a c i l i t y  

a v a i l a b l e  i n  1997. Energy p u r c h a s e s  from C e n t r a l  I l l i n o i s  P u b l i c  

S e r v i c e  and I l l i n o i s  Power Company a r e  used a s  r e q u i r e d  t o  meet 

p r o j e c t e d  load and r e s e r v e  r e q u i r e m e n t s .  

Load p r o j e c t i o n s  used i n  t h i s  s t u d y  a r e  based on e s t i m a t e s  o f  fut ,ure 

l o a d s  by t h e  1 5  member sys tems  o f  t h e  Soyland Power C o o p e r a t i v e ,  u s i n g  

11 y e a r s  o f  h i s t o r i c a l  d a t a  (1967 t o  1-977). An a d d i t i o n a l  5  p e r c e n t  was 

added t o  accoun t  f o r  t r a n s m i s s i o n  l o s s e s  i n  t h e  sys tem.  The r e s u l t i n g  

p r o j e c t i o n s  a r e  shown i n  Tab le  4.1-1. 

Rased on  d a t a ' f r o m  a r e p r e s e n t a t i v e  p o r t i o n  o f  S o y l a n d ' s  s e r v i c e  a r e a  

d u r i n g  1979, i t  was de te rmined  t h a t  s e v e r e  w i n t e r  l o a d s  r e p r e s e n t  a  

45-day p e r i o d ;  s e v e r e  summer l o a d s  r e p r e s e n t  a  45-day p e r i o d ;  t h e  

b a l a n c e  (275  d a y s )  c a n  be c o n s i d e r e d  m i l d .  V a r i a t i o n  i n  day-to-day 

peaks  was found t o  be g r e a t e r  t h a n  v a r i a t i o n  between weekday and weekend 

peaks;  t h e r e f o r e ,  no s p e c i a l  t r e a t m e n t  i s  r e q u i r e d  f o r  weekend p e r i o d s .  

A p r e v i o u s  s t u d y  (Reynolds ,  Smith and H i l l s ,  1981) showed t h a t  Soyland 

needs approx imate ly  200 MW o f  peak ing  c a p a c i t y  d u r i n g  t h e  mid-1980's t o  

a c h i e v e  t h e  lowes t  power s u p p l y  c o s t .  O t h e r s  ( A r t h u r  D.  L i t t l e ,  1979; 

showed t h a t  Soyland cou ld  meet i t s  own peak ing  power needs w i t h  a  CAES 

f a c i l i t y  more economical  l y  than  p u r c h a s i n g  f i r m  power. 



Table  4.1-1. Demand and Energy Consumption P r o j e c t i o n s  

Year System Coinc iden t  Demand System Energy Consumption 
I n c l u d i n g  Transmiss ion  I n c l u d i n g  Transmiss ion  

Losses  (MW) Losses  (GWH) 

- ~- 

Source:  Reynolds,  Smith and H i l l s ,  1981. 



4.1.1 CAPITAL COSTS 

4.1.1.1 NON-PEAKING ENERGY SUPPLY SOURCES 

Soyland 's  sha re  o f  t h e  C l in ton  I nuc l ea r  f i e l d  f a c i l i t y  was i n i t i a l l y  

expected t o  c o s t  $148 m i l l i o n  ($1,526 per k i l o w a t t ) ,  bu t  r ecen t  

e s t i m a t e s  have increased  t h i s  c o s t  t o  $230 m i l l i o n .  Fo r tuna t e ly ,  t h e  

i n s t a l l e d  c o s t  does not a f f e c t  t h e  s e l e c t i o n  of peaking a l t e r n a t i v e s .  

The a v a i l a b i l i t y  of  t h e  nuc lear  u n i t  on an annual b a s i s  i s  p ro j ec t ed  t o  

be 70 percent .  

The 450-MW coa l - f i r ed  f a c i l i t y  i s  c u r r e n t l y  under des ign .  The c u r r e n t  

e s t i m a t e  of  i t s  t o t a l  c o s t  i s  $589.4 m i l l i o n  ($1,310 per  k i l o w a t t ) .  

A v a i l a b i l i t y  of t he  c o a l  u n i t  on an annual b a s i s  i s  p ro j ec t ed  t o  be 

74 percent .  

The c o s t  of t h e  second 450-MW coa l - f i r ed  f a c i l i t y  i s  es t imated  t o  be a  

1997 c o s t  of  $1,259.7 m i l l i o n  ($2,800 per  k i l o w a t t ) .  

4.1.1.2 SIMPLE CYCLE COMBUSTION TURBINES 

For purposes o f  t h i s  a n a l y s i s  t h e  210-MW simple cyc le  combustion t u r b i n e  

f a c i l i t y  i s  assumed t o  be s i t e d  on a  50-acre p l o t .  The f a c i l i t y  

c o n s i s t s  of  t h r e e  70-MW simple cyc l e  combustion t u r b i n e s ,  a  f u e l  o i l  

s t o r a g e  system, a  1,500-square-foot o f f i c e  bu i ld ing ,  a  swi tch  yard ,  and 

a s p h a l t  a cces s  roads .  

The t o t a l  c a p i t a l  c o s t  of 1981 c o n s t r u c t i o n  of t h i s  op t ion  was 

determined t o  be  $52,992,000. Esca l a t i on  a t  8  percent  per  year  p l u s  

i n t e r e s t  dur ing  c o n s t r u c t i o n  would r e s u l t  i n  a  1986 i n s t a l l a t i o n  c o s t  of 

$84,870,000. 

4.1.1.3 COMBINED CYCLE COMBUSTION TURBINES 

For purposes o f  t h i s  a n a l y s i s  t h e  combined cyc le  f a c i l i t y  i s  a l s o  

assumed t o  be s i t e d  on a  50-acre p l o t .  The f a c i l i t y  c o n s i s t s  of two 

70-MW combustion t u r b i n e s ,  each wi th  i t s  own hea t  recovery steam 

gene ra to r ,  a  170-MW' steam t u r b i n e ,  feed water  h e a t i n g  system, condensing 



sys tem,  s u p p o r t i n g  a u x i l i a r y  f u e l  o i l  s t o r a g e  sys tem,  mechan ica l  c o o l i n g  

t o w e r ,  1 ,500-square  f o o t  o f f i c e  b u i l d i n g ,  s w i t c h  y a r d ,  and a s p h a l t  

a c c e s s  r o a d s .  C a p i t a l  c o s t s  f o r  t h i s  f a c i l i t y  i f  c o n s t r u c t e d  i n  1981 

were e s t i m a t e d  t o  b e  $89,900,000.  E s c a l a t i o n  a t  8  p e r c e n t  p e r  y e a r  p l u s  
I 

i n t e r e s t  d u r i n g  c o n s t r u c t i o n  would r e s u l t  i n  a  1986 i n s t a l l a t i o n  c o s t  of  

$156,940,000.  

4 . 1 . 1 . 4  COMPRESSED A I R  ENERGY STORAGE FACILITY 

 his 220-MW f a c i l i t y  is  assumed t o  be s i t e d  on a  100-acre p l o t .  The 

f a c i l i t y  c o n s i s t s  of a 220-MW cnmpr~ssnr-motorlganerafor-turbinc train 

w i t h  a  r e c u p e r a t o r ,  i n t e r c o o l e r s  and a f t e r c o o l e r s ,  cnrnprPssed a i r  

s t o r a g e  c a v e r n ,  f u c l  o i l  s t o r a g e  sys tem,  mechan ica l  c o o l i n g  tower ,  

o f f i c e  b u i l d i n g ,  ma in tenance  b u i l d i n g ,  s w i t c h  y a r d ,  and a s p h a l t  a c c e s s  

r o a d s .  T o t a l  c a p i t a l  c o s t s  f o r  t h i s  f a c i l i t y  based on a  June  1986 

o p e r a t i n g  d a t e  a r e  e s t i m a t e d  t o  b e  $171,371,000,  e x c l u d i n g  i n t e r e s t  

d u r i n g  c o n s t r u c t i o n .  I n c l u d i n g  t h e  l a t t e r ,  t h e  t o t a l  1986 i n s t a l l e d  

c o a t  i s  $203,600,000.  

4 .1 .2  OPERATING COSTS 

4 . 1  . 2 . 1  SIMPLE CYCLE COMBUSTION TURBINES 

O p e r a t i o n  and maintenance c o s t s  f o r  t h i s  f a c i l i t y  were e s t i m a t e d  on t h e  

b a s i s  o f  25 c e n t s  p e r  i n s t a l l e d  k i l o w a t t  c a p a c i t y  p e r  y e a r  f o r  f i x e d  

c o s t s  and $2 .70  p e r  1 ,000  KWH produced f o r  v a r i a b l e  c o s t s  i n  1978 

d o l l a r s .  Based on a n  annua l  usage  o f  565 h o u r s  and an e s c a l a t i n g  f a c t o r  

' o f  8 p e r c e n t ,  t h i s  r e s u l t s  i n  a  t o t a l  o p e r a t i o n  and main tenance  charge  

o f  $470,000 f o r  1981. 

4 . 1 . 2 . 2  COMBINED CYCLE COMRlJSTTflN TTJR.BINES 

Fixed o p e r a t i o n  and maintenance c o s t s  a r e  e s t i m a t e d  t o  be  $4.40 p e r  

i n s t a l l e d  k i l o w a t t  c a p a c i t y  p e r  y e a r  and v a r i a b l e  c o s t s  a t  $1.10 p e r  

1 , 0 0 0  KWA i n  1978 d o l l a r s .  Based on a n  annua l  usage of 565 h o u r s  and a n  

e s c a l a t i o n  f a c t o r  o f  8  p e r c e n t ,  t h i s  would r e s u l t  i n  t h e  t o t a l  o p e r a t i o n  

and main tenance  c h a r g e  o f  $1,328,000 f o r  1981. 



4.1.2.3 COMPRESSED A I R  ENERGY STORAGE (CAES) 

Operat ion and maintenance c o s t s  a r e  es t imated  t o  be $480,000 i n  1981, 

based upon 565 hours  of equiva len t  full-power ope ra t i on .  

Table  4.1.2-1 summarizes c a p i t a l  and ope ra t i ng  c o s t s  of each peaking 

a l t e r n a t i v e .  Table 4.1.2-2 summarizes ope ra t i ng  c o s t s  from 1986 through 

2001 f o r  each a l t e r n a t i v e  s tudy .  These d a t a  show t h a t  c a p i t a l  c o s t s  of 

t h e  compressed a i r  energy s t o r a g e  op t ion  a r e  s i g n i f i c a n t l y  h ighe r  than  

combustion t u r b i n e  op t ions ,  and ope ra t i ng  c o s t s  a r e  s i g n i f i c a n t l y  lower 

than  combustion t u r b i n e  op t ions .  

4.1.3 LEVELIZED COSTS 

A d e t a i l e d  economic a n a l y s i s  of peaking opt ion? was developed which 

inc ludes  a l l  f i xed  components of  investment and a l l  v a r i a b l e  c o s t s .  The 

a n a l y s i s  has  two p a r t s .  I n  t h e  f i r s t  p a r t  each u n i t  of  generated o r  

purchased capac, i ty  i s  a l l o c a t e d  and d ispa tched  each year  aga ins t  t h e  

\ load d u r a t i o n  curve according t o  i t s  economic p r i o r i t y  t o  meet system 

demand. From t h e  r e s u l t i n g  d i s p a t c h  t h e  energy provided and t h e  f u e l  

consumed by each source i s  determined. Fuel consumption a t  p a r t  load i s  

determined from hea t  r a t e  d a t a  f o r  each u n i t .  Resu l t s  from t h e  f i r s t  

p a r t  o r  d i s p a t c h  p o r t i o n  of t h e  program a r e  then  combined wi th  t h e  

a s soc i a t ed  economic parameters i n  t h e  second p a r t  o f  t h e  program t o  

provide t h e  d e t a i l e d  economic ou tput .  

Two compl ica t ing  f a c t o r s  were encountered i n  t h e  course  of t h i s  s tudy .  

The f i r s t  i s  t h e  r e s u l t  of having an a l t e r n a t i v e  which i s  an energy 

s t o r a g e  dev ice  r e q u i r i n g  a  d a i l y  recharge  cyc l e .  To a s s u r e  accep tab l e  

s imu la t i on ,  u n i t  d i spa t ch  was based upon seasona l  load d u r a t i o n  curves  

i n s t e a d  of  t h e  annual load d u r a t i o n  curves normally used.  The second 

complicat ing f a c t o r  involved account ing f o r  outages pf a l l  gene ra t i ng  

u n i t s  supplying power. Peaking u t i l i z a t i o n  i s  dependent upon t h e  

o p e r a t i o n a l  s t a t u s  of t h e  base load u n i t .  I f  one o r  m o r e  base load 

u n i t s  a r e  unava i l ab l e  due t o  forced outage ,  energy t h a t  would normally 



Table  4.1.2-1. Fixed and Opera t ing  C o s t s  o f  Peaking A l t e r n a t i v e s  

FIXED COST OF PEAKING ALTERNATIVES 

T o t a l  I n v e s t ~ u e n t  Annual Ownership Cost  
(M$ f o r  210 MW) --- -_ (MS ~ O F  210 MW) -- 

Combustion ~ u r b i n e  84.87 111.37 

Combined Cyc l e  156.94 21.03 

Compressed A i r  Energy 
S t o r a g e  

OPERATING COSTS OF PEAKING ALTERNATIVES FOR 1986 

Heat R a t e  a t  Fue l  Cost  if O&M Cost i f  Cost  pe r  Hour 
80-Perceiir Uperated a t  Operated a t  i f  Operated 
Power F u l l  Power F I I ~  l Power a t  F u l l  Power 

[B~u/KwH(HHv) I ($/HI-) ($ /Hr)  ($/H4) 

Combust i o n  
Tur b i n e  11,888 31,040 1 ,222 32,260 

Combined 
Cyc l e  . 8 ,  658 22,610 3,452 ' 26,060 

Compressed 
A i r  Energy 
S t o r a g e  4,430" 15,460 1 ,247 16,710 

* The CAES System a l s o  u s e s  0 .72 KWH o f  e l e c t r i c a l  power f o r  each  KWH 
produced.  The "energy" component o f  purchased power i s  expec ted  t o  
have a v a l u e  o f  $25.75 p e r  MWH i n  1986. 

Source:  Reynolds,  Smith and H i l l s ,  1981. 



Table 4 . 1 . 2 - 2 .  Operating Cost Peaking A l t e r n a t i v e s  f o r  Years 1986 
Through 2001 

Cost Per Hour i f  Operated a t  F u l l  Power 

1986 1991 1996 200 1 

Combustion Turbine 32,260 56,500 99,040 173,770 

Combined Cycle 26,060 44 ,920  77,670 134,700 

Compressed A i r E n e r g y  Storage 16,710 27,680 46 ,290  78,030 

Source: Reynolds, Smith and H i l l s ,  1981.  



be produced must be p rov ided  by u n i t s  lower i n  t h e  d i s p a t c h  o r d e r .  T h i s  

g e n e r a l l y  r e s u l t s  i n  an  i n c r e a s e d  usage o f  peaking c a p a c i t y .  To p rov ide  

a n  a c c u r a t e  e s t i m a t e  o f  peaking f a c i l i t y  u s e ,  i t  i s  n e c e s s a r y  t o  use  

p r o b a b i l i s t i c  methods f o r  d e t e r m i n i n g  d i s p a t c h .  T h i s  was done by ' 

performing a d i s p a t c h  f o r  each p o s s i b l e  combinat ion o f  u n i t  o u t a g e s .  

The expec ted  v a l u e  o f  energy  produced by each  u n i t  was t h e n  de te rmined  

by weighing each  d i s p a t c h  by t h e  p r o b a b i l i t y  of i t s  o c c u r r e n c e .  Peaking 

f a c i l i t i e s  were a s s i g n e d  a f o r c e d  ou tage  r a t e  o f  8 p e r c e n t .  

The r e s u l t s  o f  t h i s  a n a l y s i s  f o r  t h e  t h r e e  peak g e n e r a t i n g  o p t i o n s  show 

t h a t  t h e  compressed a i r  energy  s t o r a g e  p r o v i d e s  t h e  lowest  c o s t  o v e r  t h e  

s t u d y  p e r i o d .  The p r e s e n t  worth v a l u e  o f  a l l  power supp ly  expenses  over  

t h e  16 y e a r s  when e x p r e s s e d  i n  m i l l i o n s  o f  1986 d o l l a r s  is :  

Peakine Power Cost 

Combustion Turb ine  

Combined Cyc l e  

Compressed A i r  Energy system' 

The t o t a l  annua l  c o s t  f o r  each a l t e r n a t i v e  i s  p r e s e n t e d  i n  

T a b l e  4.1.3-1. These d a t a  show t h a t  t h e  CAES p r o v i d e s  t h e  lowest  a n n u a l  

power supp ly  f o r  a l l  y e a r s  excep t  t h e  i n i t i a l  2-year ~ e r i o d .  The annua l  

economic advan tage  o f  t h e  CAES f a c i l i t y  i s  compared t o  o t h e r  

a l t e r n a t i v e s  i n  T a b l e  4.1.3-2. Towards t h e  end o f  t h e  s t u d y  p e r i o d  t h e  

advan tage  o f  t h e  CAES sys tem o v e r  t h e  o t h e r  two o p t i o n s  i n c r e a s e s  

y e a r l y .  Extending t h e  s t u d y  p e r i o d  beyond 2001 would r e s u l t  i n  

i n c r e a s i n g  t h e  f i n a n c i a l  advan tage  o f  t h e  CAES f a c i l i t y .  

I n  summary, f i n a n c i a l  a n a l y s e s  o f  t h r e e  o p t i o n s  f o r  mee t ing  peaking 

power demands show t h a t  t h e  CAES system h a s  a $37 m i l l i o n  advan tage  o v e r  

t h e  s i m p l e  combust ion t u r b i n e  o p t i o n  and a $52 m i l l i o n  advantage over  

t h e  combined c y c l e  combustion t u r b i n e  o p t i o n .  On a year-by-year b a s i s ,  

t h e  CAES f a c i l i t y  p r o v i d e s  a lower power supp ly  c o s t  f o r  a l l  y e a r s  



Table 4 .1 .3 -1 .  Annual Peaking Power Supply Cost 

Compressed Air 
Combust ion  Turbine Combined Cycle Energy Storage 

Year Alternative Alternative A1 ternat i ve  

Present 
Worth for  
Period 
1986-2001 

* Coot for  1986 r c f l c o t o  12 monthc of peaking uni t  a v a i l a b i l i t y .  

Source: Reynolds, Smith and H i l l s ,  1981. 



Table 4.1.3-2. Annual Economic Advantage of CAES Facility Compared 
to Other Alternatives 

Additional Cost of Additional Cost of 
Combustion Turbine Facility Combined Cycle Facility 

Year (Millions of Dollars) (Millions of Dollars) 

Present 
Worth for 
Period 
1986-2001 

* Cost for 1986 reflects 12 months of peaking unit availability. 
t Parentheses indicate that designated alternative has lower cost than 
does the CAES for the specified year. 

Source: Reynolds, Smith and Hills, 1981. 



excep t  t h e  f i r s t  t h r e e .  For y e a r s  1986 th rough  1987 a combustion 

t u r b i n e  f a c i l i t y  would p r o v i d e  t h e  lowest  c o s t .  A f t e r  1988,  t h e  

advantage o f  t h e  CAES f a c i l i t y  i n c r e a s e s  each y e a r .  The economic 

advan tage  o f  t h e  CAES f a c i l i t y  c o n t i n u e s  t o  i n c r e a s e  a f t e r  2001. 



4.2 ENVIRONMENTAL CONSIDERATIONS 

4.2.1 ECOLOGY 

Impacts to ecological systems resulting from construction and operation 

of a CAES power plant can be broadly grouped as follows: air emissions, 

habitat loss, noise, human activity, waste handling, and water use. 

4.2.1.1 POTENTIAL IMPACTS TO AQUATIC ECOSYSTEMS 

CAES systems impact or may impact aquatic ecosystems in the following 

manner : 

1. Sedimentation and siltation during construction, 

2. ~ntrainment/impingement of aquatic organisms during water 

withdrawal, 

3. Discharges of blowdown and other wastes, and 

4. Leachates and runoff from waste and raw material storage areas. 

The degree of impact associated with each of the above is determined in 

general by the size and capacity of the CAES facility, techniques 

utilized in construction of the facility, and the design and operation 

of waste handling or treatment facilities, and water intake structures. 

Impact is aiso determined by characteristics of the aquatic systems on 

or near the site. 

Sedimentation and Siltation 

During construction of any power generation facility a certain amount of 

land must be disturbed. This can result in erosion producing turbidity 

and sedimentation in watershed streams and can influence the hydrology 

of those streams. Impact of Land disturbance depends primarily upon: 

1. Amount of land disturbed, 

2. Soil and topographic characteristics , 
3. Soil erosion control techniques utilized during construction, 

and 

4. Size and characteristics of watershed streams. 



Whenever w a t e r  i s  withdrawn from a  s u r f a c e  w a t e r ,  organisms w i l l  be 

withdrawn a s  w e l l .  CAES sys tems  r e q u i r e  w a t e r  wi thdrawal  f o r  c o o l i n g  

purposes  and p o s s i b l y  a s  makeup t o  t h e  compensat ion r e s e r v o i r .  The 

w a t e r  r e q u i r e m e n t s  depend upon t h e  t y p e  of  c o o l i n g  sys tem u t i l i z e d  and 

t h e  s i z e  o f  t h e  compensation r e s e r v o i r .  Once-through c o o l i n g  sys tems 

r e q u i r e  s e v e r a l  t i m e s  t h e  w a t e r  r equ i rement  o f  a  r e c i r c u l a t i n g  sys tem.  

The number o f  organisms e n t r a i n e d  o r  impinged by a  CAES f a c i l i t y  depends 

on t h e  i n t a k e  volume and v e l o c i t y ,  t h e  i n t a k e  s c r e e n  sys tem,  and 

c h a r a c t e r i s t i c s  o f  t h e  a q u a t i c  h a b i t a t  p r o v i d i n g  t h e  w a t e r .  A 

well -des igned i n t a k e  s t r u c t u r e  l o c a t e d  i n  a  non-prime b i o l o g i c a l  a r e a  

g e n e r a l l y  minimizes  en t ra inment l impingement  l o s s e s .  

Waste Discharge  

The major  w a s t e s  which may be  g e n e r a t e d  by CAES systems a r e  blowdown 

from t h e  c o o l i n g  sys tem and compensat ion r e s e r v o i r ,  o i l y  w a s t e s ,  and 

d e m i n e r a l i z e r  s l u d g e .  Discharges  from c o o l i n g  sys tems may p e r i o d i c a l l y  

c o n t a i n  r e s i d u a l  b i o c i d e s  ( e . g . ,  c h l o r i n e )  u t i l i z e d  i n  b i o f o u l i n g  

c o n t r o l .  Most w a s t e s  c a n  be s t o r e d  o r  t r e a t e d  on s i t e  w i t h  l i t t l e  

d i s c h a r g e  t o  s u r f a c e  w a t e r s .  Of ten  blowdown i s  d i s c h a r g e d  i n t o  s u r f a c e  

w a t e r s ,  and once-through c o o l i n g  sys tems r e t u r n  s i g n i f i c a n t  q u a n t i t i e s  

of  w a t e r  a t  h i g h e r  t e m p e r a t u r e s  t o  s u r f a c e  w a t e r s .  

Thermal and chemica l  d i s c h a r g e s  c a n  s i g n i f i c a n t l y  impact a q u a t i c  b i o t a  

depending on q u a n t i t i e s  and c o n s t i t u e n t s  o f  t h e  d i s c h a r g e s ,  t h e  d i l u t i o n  

. p o t e n t i a l  o f  t h e  r e c e i v i n g  w a t e r ,  and t h e  s e n s i t i v i t y  o f  b i o t a  p r e s e n t .  



Leachates  and Runoff 

CAES systems may g e n e r a t e  some s o l i d  wastes  t h a t  may be s t o r e d  o r  

t r e a t e d  on s i t e .  Those wastes  a s s o c i a t e d  wi th  us ing  o i l s  have a t o x i c  

p o t e n t i a l  f o r  a q u a t i c  organisms (Dvorak e t  a l . ,  1978).  I n  most ca se s ,  -- 
t h e  wastes  can be d i sposed  on s i t e .  

Given t h e  previously-mentioned impact sources ,  a  number of  parameters  

must be  cons idered  wi th  regard  t o  a q u a t i c  ecosystems i n  I l l i n o i s  and 

s p e c i f i c  CAES s i t e  eva lua t ion .  The volume and hydro logic  regime of t h e  

a q u a t i c  systems i s  an rmportant determinant  of  impact,  Larger  r i v e r s  

should not be s e r i o u s l y  a f f e c t e d  by water  withdrawals o r  d i s cha rges ,  

assuming a  c losed-cyc le  coo l ing  system and a  p rope r ly  designed i n t a k e  

s t r u c t u r e .  Many smal l  s t reams c a r r y  a  r e l a t i v e l y  small  volume of water ,  

e s p e c i a l l y  du r ing  summer d r y  pe r iods .  I n  a d d i t i o n ,  smal le r  s t reams 

o f t e n  have g r e a t e r  h a b i t a t  d i v e r s i t y , a n d  assemblages of  fauna more 

s e n s i t i v e  t o  environmental  s t r e s s e s ,  r e l a t i v e  t o  t h e  l a r g e r  r i v e r s .  

There a r e  no f e d e r a l  t h r ea t ened  o r  endangered f i s h  s p e c i e s  known i n  

I l l i n o i s ;  but a  number o f  s t a t e  t h r ea t ened ,  endangered, o r  o therwise  

s e n s i t i v e  s p e c i e s  a r e  known, p r i m a r i l y  from t h e  I l l i n o i s  and M i s s i s s i p p i  

Rivers  and s e v e r a l  sma l l e r  r i v e r s .  A number o f  f e d e r a l l y  l i s t e d  mussels 

occur  i n  I l l i n o i s ,  p r i m a r i l y  i n  t h e  upper M i s s i s s i p p i  and Wabash Rivers .  

The f u l l  p r o j e c t i o n  o f  impact of t h e  CAES f a c i l i t y  i n  I l l i n o i s  r e q u i r e s  

a  complete assessment of  a q u a t i c  h a b i t a t s  and b i o t a  on t h e  s p e c i f i c  

s i t e .  

Because t he  power a t  a  CAES p l a n t  i s  genera ted  by compressed f u e l  o i l  o r  

natural gas, direct emissions from t h e  p l an t  a r e  r e l a t i v e l y  low. 

Emission r a t e s  o f  a l l  p o l l u t a n t s  a r e  f a r  below l e v e l s  considered harmful 

t o  p l a n t s  o r  animals .  



CAES f a c i l i t i e s  a r e  h i g h l y  automated and thus  l i t t l e  human a c t i v i t y  

occurs  around t h e  p l an t  s i t e .  Energy e n t e r i n g  t h e  p l an t  i s  i n  t h e  form 

of  e l e c t r i c i t y ,  f u e l  o i l ,  o r  n a t u r a l  gas ,  and l i t t l e  waste i s  genera ted .  

Consequently,  l i t t l e  a c t i v i t y  i s  requi red  t o  f a c i l i t a t e  f u e l  d e l i v e r y  

and waste s to rage .  Because of t h e  low l e v e l s  of  human a c t i v i t y ,  few 

animals w i l l  be d i s t u r b e d  by people and machines moving around t h e  p l an t  

s i t e .  Noise from ope ra t i on  of  t h e  t u r b i n e s ,  p a r t i c u l a r l y  when 

compression i s  i n i t i a t e d ,  can be s i g n i f i c a n t .  This  impact can be  

reduced cons iderab ly  by c a r e f u l l y  s i t i n g  t h e  p l a n t  and inco rpo ra t i ng  

sound dampening elements  i n t o  p l an t  cons t ruc t ion .  

In take  and d ischarge  of water w i l l  have l i t t l e  e f f e c t  upon t e r r e s t r i a l  

systems. Even wi th  a  once-through cool ing  system l i t t l e  water  i s  used, 

and un le s s  t h e  p l a n t  i s  loca ted  i n  an a r e a  with a  s eve re  water sho r t age ,  

t e r r e s t r i a l  organisms should not  be a f f e c t e d .  

Cumulative E f f e c t s  

The s e v e r i t y  of  p o t e n t i a l  impacts a s soc i a t ed  with a  CAES p l a n t  w i l l  be 

determined by t h e  s e n s i t i v i t y  of t h e  1ocal .environment  t o  d i s tu rbances  

and t h e  measures taken  t o  m i t i g a t e  impacts.  None of t he  p red i c t ed  CAES 

impacts a r e  considered t o  have c r i t i c a l  o r  s eve re  e f f e c t s  upon 

e c o l o g i c a l  systems. However, t h e  cumulat ive e f f e c t  of t h e  impacts might 

be s i g n i f i c a n t .  

Because a l l  CAES p l a n t s  r e q u i r e  another  gene ra t i ng  f a c i l i t y  t o  provide 

energy f o r  compressing a i r ,  impacts from t h a t  f a c i l i t y  should be 

eva lua ted  wi th  d i r e c t a i m p a c t s  from t h e  CAES p l a n t .  I n  most i n s t ances  

t h e  p l an t  t h a t  suppor t s  t h e  CAES p l a n t  w i l l  be t h e  primary gene ra t i ng  

u n i t  providing base  load e l e c t r i c i t y  needs. A s  such,  t h a t  u n i t  w i l l  

c r e a t e  impacts s e p a r a t e  from those  of t h e  CAES p l a n t .  However, 

ope ra t i on  of  t h e  CAES p l a n t  w i l l  r e q u i r e  t h a t  t h e  primary p l a n t  gene ra t e  



more e l e c t r i c i t y  more e f f i c i e n t l y ,  and impacts,  p a r t i c u l a r l y  no i se  and 

water  and a i r  emiss ions ,  may be h ighe r .  

4.2.1.2 POTENTIAL IMPACTS TO TERRESTRIAL ECOSYSTEMS 

A CAES f a c i l i t y  can  be cons t ruc t ed  on l e s s  than 100 a c r e s  of  l and ;  

t h e r e f o r e ,  l o s s  of  s i g n i f i c a n t  h a b i t a t  f o r  t e r r e s t r i a l  organisms i s  not 

a  major impact. When such a  small  land a r e a  i s  r e q u i r e d ,  important 

h a b i t a t s  can be, avoided through c a r e f u l  s i t i n g .  Only when t h e  e n t i r e  

r e g i o n  being cons idered  f o r  s i t i n g  i s  composed of  r e l a t i v e l y  undis turbed  

land  ( e .g . ,  i n  some p o r t i o n s  of  t h e  western United S t a t e s )  w i l l  h a b i t a t  

l o s s  be a  major CAES impact.  

P o t e n t i a l  Impacts from a Proposed CAES P l a n t  i n  I l l i n o i s  

Impacts of  CAES systems v a r y  wi th  s p e c i f i c  c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  

systems. Primary f a c t o r s  determining impact upon t e r r e s t r i a l  ecosystems 

i n c l u d e  : 

1. Output o f  system, 

2. Land requirement  of system, 

3 ,  Fuel u t i l i o c d ,  

4.  Water requi rements ,  and 

5.  Ecologica l  c h a r a c t e r i s t i c s  of t h e  s i t e .  

Aquat ic  Impacts 

The CAES system planned by Soyland w i l l  have a  des ign  output  of  220 MW 

and w i l l  r e q u i r e  a  permanent s i t e  o f  35 t o  50 a c r e s  wi th  up t o  100 a c r e s  

d i s t u r b e d  du r ing  c o n s t r u c t i o n .  provided t h a t  s i g n i f i c a n t  e c o l o g i c a l  

h a b i t a t s  a r e  avoided and t h a t  sound r e v e g e t a t i o n  and e r o s i o n  c ~ n t r o l  

t echniques  a r e  u t i l i z e d ,  impacts from land d i s tu rbance  should be low. 



The proposed CAES system could withdraw a  d a i l y  average o f  750 gpm.with 

a  maximum withdrawal  o f  1 ,200  gpm. Assuming t h a t  wi thdrawal  would be 

from a  major  waterway such a s  t h e  M i s s i s s i p p i  o r  I l l i n o i s  R i v e r ,  t h i s  

volume would r e p r e s e n t  l e s s  t h a n  1 p e r c e n t  o f  t h e  r i v e r  f low d u r i n g  

7-day, 10-year low f lows.  Entrainment/impingement impacts  on e x i s t i n g  

f i s h  p o p u l a t i o n s  shou ld  no t  be s i g n i f i c a n t .  

F u e l  o i l  would be u t i l i z e d  t o  h e a t  compressed a i r  d u r i n g  t h e  g e n e r a t i o n  

phase .  The u t i l i z a t i o n  o f  o i l  w i l l  produce minimal a i r  e m i s s i o n s . a n d  

was te  g e n e r a t i o n .  Some o i l y  w a s t e s  w i l l  be c r e a t e d ,  b u t  o i l  w i l l  be 

c o n t a i n e d  i n  t a n k s  o r  t r a n s p o r t e d  o f f  s i t e . '  

Deminera l i ze r  s l u d g e  blowdown w i l l  r e s u l t  from t h e  c losed-cyc le  c o o l i n g  

system.  Deminera l i ze r  s ludge  h a s  l i m i t e d  t o x i c  p o t e n t i a l  and can be 

s t o r e d  on s i t e .  Blowdown, h e a t e d  and p e r i o d i c a l l y  c o n t a i n i n g  b i o c i d e  

r e s i d u a l s ,  w i l l  p rbbab ly  be d i s c h a r g e d  t o  s u r f a c e  w a t e r s .  Such 

d i s c h a r g e  must meet I l l i n o i s  EPA mixing zone s t a n d a r d s .  The zone i n  

which blowdown l e v e l s  w i l l  exceed s t a n d a r d s  should be l i m i t e d  t o  a n  a r e a  

l e s s  t h a n  1 a c r e  i n  s i z e  and should t h e r e f o r e  have minimal impact on a  

major w a t e r  body. 

T e r r e s t r i a l  Impacts 

The I l l i n o i s  Department of Conserva t ion  h a s  c r e a t e d  an i n v e n t o r y  o f  a l l  

s i g n i f i c a n t  n a t u r a l  a r e a s  w i t h i n  t h e  s t a t e ,  and t h i s  i n f o r m a t i o n  can  be 

used i n  s i t i n g  t h e  Soyland CAES p l a n t  s o  t h a t  t h e  i d e n t i f i e d  a r e a s  can 

be avoided.  Areas known t o  suppor t  f e d e r a l  t h r e a t e n e d  and endangered 

s p e c i e s  w i l l  be avoided d u r i n g  s i t i n g .  I n  I l l i n o i s  t h e  pr imary f e d e r a l  

s p e c i e s  o f  concern  a r e  t h e  b a l d  e a g l e ,  I n d i a n a  b a t ,  and g r a y  b a t .  



Minimal waste  w i l l  be genera ted  by the  Soyland p l an t  because d i e s e l  f u e l  

o i l  w i l l  be used t o  f i r e  t h e  t u r b i n e s .  The volumes o f  i n t a k e  and 

d i scha rge  water  w i l l  be r e l a t i v e l y  low. Because waste gene ra t i on  and 

water  consumption a r e  r e l a t i v e l y  minor ope ra t i ons  of t h e  proposed p l a n t ,  

impacts  a s s o c i a t e d  wi th  them a r e  not expected t o  be e c o l o g i c a l l y  

s i g n i f i c a n t .  

A i r  emiss ions  from t h e  220-MW Soyland CAES f a c i l i t y  should no t  have 

measurable e f f e c t s  upon t e r r e s t r i a l  organisms. Because f u e l  o i l  i s  

being burned, s u l f u r  d iox ide  emissions w i l l  be low. A l l  ambient a i r  

q u a l i t y  s t anda rds  can  be met a s  long a s  t h e  p l a n t  i s  loca ted  o u t s i d e  

des igna t ed  nonat ta inment  a r e a s  ( i  . e . ,  l o c a l i t i e s  t h a t  c t l r r en t ly  have 

s i g n i f i c a n t  a i r  p o l l u t i o n  problems). 

The Soyland u n i t  w i l l  be h igh ly  automated and thus  w i l l  r e q u i r e  l i t t l e  

human a c t i v i t y .  Subsequent ly ,  l i t t l e  d i s t u r b a n c e  t o  ad j acen t  w i l d l i f e  

w i l l  occur .  The n o i s e  a s s o c i a t e d  wi th  t h e  compression of a i r  and 

o p e r a t i o n  of t u r b i n e s  may, however, be g r e a t  enough t o  a f f e c t  animals i n  

the nearby v 5 c i n i t y  of t h e  p l a n t .  The c r e a t u r e s  most s u s c e p t i b l e  t o  

n o i s e  would be  t hose  dependent upon sound t o  f ind  prey,  t o  a t t r a c t  

mates ,  o r  t o  avoid p r e d a t o r s .  Animals which a r e  p a r t i c u l a r l y  wary o f  

man would a l s o  l i k e l y  be d i s t u r b e d  by n o i s e  a t  t h e  CAES p l a n t .  

The cumulat ive e f f e c t s  o f  impacts from t h e  Soyland CAES p l an t  should not 

be s i g n i f i c a n t ,  but  f i rm  conc lus ions  cannot be drawn u n t i l  t h e  p l an t  

s i t e  i s  s e l e c t e d  and s i t e - s p e c i f i c  impacts  a r e  def ined  more c l e a r l y .  

The base  load e l e c t r i c a l  gene ra t i ng  s t a t i o n  suppor t ing  t h e  Soyland CAES 

p l a n t  w i l l  o p e r a t e  a t  a h ighe r  c a p a c i t y  f a c t o r  than i f  i t  were not  

suppor t i ng  a CAES p l a n t .  A l l  impacts of  t h e  base  load p l an t  except  

h a b i t a t  l o s s  may i n c r e a s e  because of t h i s  h ighe r  f a c t o r .  



4.2 .1 .3  COMPARISON OF ECOLOGICAL IMPACTS FROM DIFFERENT FACILITIES 

The f o l l o w i n g  d i s c u s s i o n  compares p o t e n t i a l  e c o l o g i c a l  impacts  o f  a  CAES 

f a c i l i t y  w i t h  t h o s e  of  a  g a s  t u r b i n e  f a c i l i t y  and a  c o n v e n t i o n a l  

c o a l - f i r e d  f a c i l i t y  o f  e q u a l  o u t p u t .  Tab le  4.2.1-1 summarizes impact 

s o u r c e s  d i s c u s s e d .  

Aqua t i c  Ecosystems 

P o t e n t i a l  impac t s  o f  power g e n e r a t i o n  upon a q u a t i c  sys tems i n c l u d e :  

1. Withdrawal o f  w a t e r  from n a t u r a l  a q u a t i c  sys tems ,  

2 .  Thermal lchemical  d i s c h a r g e s  t o  s u r f a c e  w a t e r s ,  

3. Leaching and r u n o f f  from was te  and raw m a t e r i a l  s t o r a g e  a r e a s ,  

and 

4. D i s t u r b a n c e  o f  n a t u r a l  s o i l  and ground-cover sys tems.  

Water I n t a k e  S t r u c t u r e s  and Withdrawals  

The wi thdrawal  o f  w a t e r  from n a t u r a l  s u r f a c e  s o u r c e s  p r o v i d e s  a  

p o t e n t i a l  f o r  s i g n i f i c a n t  impacts  upon a q u a t i c  ecosystems v i a  

e n t r a i n m e n t  and impingement o f  a q u a t i c  o rgan i sms ,  e s p e c i a l l y  f i s h .  

Entra inment l impingement  o f  f i s h  i s  o f  g r e a t e s t  concern .and  t h e  number 

o f  f i s h  impacted depends upon s e v e r a l  f a c t o r s ,  t h e  most impor tan t  o f  

which a r e  t h e  r a t i o  o f  wi thdrawal  volume t o  s o u r c e  volume, t h e  l o c a t i o n  

o f  t h e  i n t a k e  s t r u c t u r e ,  and c h a r a c t e r i s t i c s  o f  f i s h  p o p u l a t i o n s  

p r e s e n t .  

Gas t u r b i n e  sys tems u t i l i z e  minimal w a t e r  e x c e p t  f o r  domes t i c  u s e  (which 

c a n  b e  s u p p l i e d  by ground w a t e r ) .  T h e r e f o r e ,  t h e  g a s  t u r b i n e  f a c i l i t y  

p r e s e n t s  no p o t e n t i a l  f o r  impact due  t o  entrainmentlimpingement. 

Both t h e  CAES and c o a l - f i r e d  f a c i l i t y  would u t i l i z e  wi thdrawal  from a  

s u r f a c e  s o u r c e .  The CAES f a c i l i t y  r e q u i r e s  one-hal f  t o  o n e - t h i r d  t h e  

w a t e r  r e q u i r e d  by t h e  c o a l - f i r e d  f a c i l i t y  ( s e e  Tab le  4.2.1-11, t h e r e f o r e  

ent ra inment l impingement  impacts  would be l e s s  f o r  t h e  CAES f a c i l i t y .  



Table 4.2.1-1. Comparative Summary of Ecologica l  Impact Sources f o r  Three Types of E l e c t r i c a l  
Generating F a c i l i t i e s  

CAES Coal-Fired Gas Turbine 

Land Required 100 ac re s  

Water Intake from 
Surface Source 

Waste Generation 
cn 
cn 

400 t o  500 a c r e s '  25 t o  35 a c r e s  
(Dvorak e t  a l . ,  1978) -- 

750 gpm Daily Average 2,200 gpm Daily . k=rage  No apprec iab le  use  
1,200 gpm Maxinum 2,700 gpm Maximum except domestic 

consumption 

Demineralizer s lucge  Fly Ash/Bottom Ask No apprec iab le  waste 
B 1 owd own Scrubber s ludge except domestic 

Water t reatment  vs.stes 
FGD s ludge  
B l  owd ,3wn 

Raw Mater ia l  Storage Fuel O i l  (Tanks a~d,'or Open coa l  s to rage  
P ipe l ine )  

Light  o i l  o r  LNG 
( t anks  and/or p ipe l ine )  

A i r  Emissions See Text Table 4.2.2-1 See Text Table 4.2.2-1 See Text Table 4.2.2-1 

Noise High noise  l e v e l s  dur ing  Lower noise  l e v e l s  than Constant high no i se  
compressor s t a r t u ~  and CAES and tu rb ine  l e v e l  due t o  t u r b i n e  
tu rb ine  opera t ion  f a c i l i t i e s  operat  ion  

Source: ESE, 1981. 



Land Requirements 

A l l  t h r e e  load  f a c i l i t i e s  w i l l  d i s t u r b  and permanent ly  a l t e r  e x i s t i n g  

h a b i t a t s .  The c o a l - f i r e d  f a c i l i t y  w i l l  u t i l i z e  s e v e r a l  t i m e s  t h e  

a c r e a g e  u t i l i z e d  by t h e  o t h e r  sys tems.  The g a s - t u r b i n e  f a c i l i t y  would 

u t i l i z e  t h e  l e a s t  a c r e a g e .  

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

a q u a t i c  sys tems  due t o  s i l t a t i o n  and s e d i m e n t a t i o n  d u r i n g  c o n s t r u c t i o n .  

Sound c o n s t r u c t i o n  t e c h n i q u e s  and e r o s i o n  s a f e g u a r d s  can  minimize 

e r o s i o n a l  i n p u t  s. 

The i n c r e a s e  i n  l a n d  a c r e a g e  committed t o  a  power f a c i l i t y  may a l s o  

produce h y d r o l o g i c  changes  i n  wa te r shed  s t r e a m s .  Holding s to rmwate r  

on t h e  s i t e  cou ld  reduce  o v e r a l l  w a t e r  l e v e l s  i n  s t r eams  and p o s s i b l y  

r e d u c e  wet land h a b i t a t s  d u r i n g  reduced f low p e r i o d s .  

N e i t h e r  t h e  g a s - t u r b i n e  o r  CAES f a c i l i t y  would have a p p r e c i a b l e  

e c o l o g i c a l  e f f e c t  c o n s i d e r i n g  t h e  a c r e a g e s  i n v o l v e d .  

Waste Generat  i o n  

The g e n e r a t i o n  and d i s p o s a l  o f  was te  p r o d u c t s  a r e  s i g n i f i c a n t  from an 

a q u a t i c  s t a n d p o i n t  when a  p o t e n t i a l  f o r  c d n t a m i n a t i o n  o f  a q u a t i c  sys tems  

by t o x i c  materials exists. With p roper  methnds nf t r e a t m e n t  and 

d i s p o s a l  t h i s  shou ld  no t  be  a  s i g n i f i c a n t  impact s o u r c e  w i t h  any o f  t h e  

t h r e e  g e n e r a t i o n  f a c i l i t i e s .  

The CAES f a c i l i t y  is  a low ( r e l a t i v e  t o  a  c o a l - f i r e d  f a c i l i t y )  g e n e r a t o r  

o f  w a s t e s ,  producing p r i m a r i l y  blowdown from t h e  c o o l i n g  sys tem and 

compensation r e s e r v o i r ,  d e m i n e r a l i z e r  s l u d g e  from any w a t e r  p r e t r e a t m e n t  

sys tem,  and o i l y  w a s t e s .  A l l  have some t o x i c  p o t e n t i a l .  The 

g a s - t u r b i n e  sys tem produces  no a p p r e c i a b l e  was te  p r o d u c t s  o t h e r  t h a n  

s a n i t a r y  and domes t i c  w a s t e s ,  which have l i m i t e d  t o x i c  p o t e n t i a l .  



The c o a l - f i r e d  f a c i l i t y  would produce a  number of wastes  i n  app rec i ab l e  

q u a n t i t i e s  and wi th  t o x i c  p o t e n t i a l  ( ~ v o r a k  e t  a l . ,  19781, inc lud ing  f l y  -- 
ash ,  bottom a s h ,  and scrubber  s ludges  a s  wel l  a s  wastes  from t h e  b o i l e r  

water  t r ea tmen t  system and cool ing  system blowdown. These wastes  a r e  o f  

l i m i t e d  impact i f  handled proper ly .  Waste genera ted  i n  t h e  coa l - f i r ed  

f a c i l i t y ,  no t ab ly  t h e  ashes  and s ludges ,  have t o x i c  p o t e n t i a l  f o r  

a q u a t i c  organisms i n  t h e  form of heavy meta l s  and o t h e r  t r a c e  elements .  

E s p e c i a l l y  s e n s i t i v e  a r e  f i s h  and b e n t h i c  i n v e r t e b r a t e  communities. 

Blowdown from coo l ing  water  systems (not  a  component of t h e  gas- turb ine  

f a c i l i t y )  p e r i o d i c a l l y  con ta in s  r e s i d u a l  c h l o r i n e  o r  o t h e r  b i o c i d e  

u t i l i z e d  t o  c o n t r o l  b i o f o u l i n g .  The b ioc ides ,  be ing  t o x i c  t o  a q u a t i c  

b i o t a ,  can  have adverse  impacts when d ischarged  i n t o  a q u a t i c  systems.  

The probable  blowdown volumes should have n e g l i g i b l e  impact when 

d ischarged  i n t o  major waterways. 

Raw Mate r i a l  S torage  

Uncontrol led s u r f a c e  runof f  o r  l each ing  from c o a l  p i l e s  a t  a  coa l - f i r ed  

p l an t  can  r e s u l t  i n  heavy meta l s  and o t h e r  t r a c e  e l ~ m ~ n t s  a s  wel l  as  low 

pH s o l u t i o n  e n t e r i n g  a q u a t i c  systems and producing p o t e n t i a l l y  t o x i c  

s i t u a t i o n s .  Coal-f i red f a c i l i t i e s  w i l l  u t i l i z e  open c o a l  s t o r a g e .  

Only l i q u i d  f u e l s  a r e  u t i l i z e d  a t  t h e  CAES and gas- turb ine  f a c i l i t i e s ,  

and t h e s e  f u e l s  a r e  conta ined  i n  tanks  o r  p i p e l i n e s .  No o t h e r  

p o t e n t i a l l y  t o x i c  m a t e r i a l s  a r e  s t o r e d  on s i t e .  

A i r  Emissions 

Emissions from f o s s i l  f u e l  f a c i l i t i e s  a r e  not u s u a l l y  of  major concern 

i n  terms o f  impacts on a q u a t i c  environments.  Regional problems such a s  

a c i d  d e p o s i t i o n  a r e  o f  concern i n  t h e  n o r t h e a s t e r n  United S t a t e s ,  bu t  

i n d i v i d u a l  f a c i l i t i e s  have not  been i d e n t i f i e d  a s  having s i g n i f i c a n t  

impacts on a q u a t i c  systems on o r  near  s i t e s .  A more d e t a i l e d  d i s c u s s i o n  

o f  a i r  emission impacts i s  provided i n  Sec t ion  4 .2 .1 .2 .  



T e r r e s t r i a l  Ecosystems 

F o s s i l  f u e l  e l e c t r i c  gene ra t i on  f a c i l i t i e s  impact o r  p o t e n t i a l l y  impact 
7 

t e r r e s t r i a l  ecosystems more than a q u a t i c  ecosystems. To e s t i m a t e  

impacts upon t e r r e s t r i a l  ecosystems i t  i s  necessary  t o  e v a l u a t e  t h e  
,i? f o  11 owing : 

1. Habi ta t  a l t e r a t i o n  and d i s tu rbance ,  

2 .  E f f e c t s  of  a i r  emissions upon t e r r e s t r i a l  b i o t a ,  

3 .  E f f e c t s  of waste and raw m a t e r i a l  s t o r a g e  and handl ing ,  and 

4 .  N o i s e / a c t i v i t y  impacts.  

Land RequiredILand Use 

A major impact o f  power f a c i l i t y  development on t e r r e s t r i a l  ecosystems 

i s  t h e  a l t e r a t i o n  o f  h a b i t a t s  and land use p a t t e r n s .  

Gas-turbine f a c i l i t i e s  u t i l i z e  t h e  l e a s t  land and CAES f a c i l i t i e s  only 

s l i g h t l y  more, s o  t h e s e  f a c i l i t i e s  would have t h e  l e a s t  impact from a  

land use s tandpoin t .  Coal-f i red f a c i l i t i e s  r e q u i r e  fou r  t o  e i g h t  t imes 

t h e  land  r equ i r ed  by o t h e r  f a c i l i t i e s  and, t h e r e f o r e ,  r e p r e s e n t  a more 

s i g n i f i c a n t  impact from h a b i t a t  a l t e r a t i o n  o r  l o s s .  

Nei ther  t h e  CAES no r  t h e  gas- turb ine  f a c i l i t y  causes  a  s i g n i f i c a n t  

degree of  h a b i t a t  a l t e r a t i o n  o r  l o s s .  The coa l - f i r ed  f a c i l i t y  does 

r ep re sen t  a  p o t e n t i a l l y  s i g n i f i c a n t  land use .  Ult imate  impacts ,  of  

course ,  depend on t h e  h a b i t a t  types  l o s t  o r  a l t e r e d .  

Water I n t a k e  

The withdrawal of water  from s u r f a c e  sources  does not impact t e r r e s t r i a l  

systems. 

Waste Generat ion 

Waste gene ra t i on  may  impact t e r r e s t r i a l  ecosystems v i a :  ( 1 )  h a b i t a t  

l o s s  o r  a l t e r a t i o n ,  and ( 2 )  t o x i c  subs tances  (heavy metals  and o t h e r  

tract? ~ ~ , P , , I P , ~ ~ s ~ ,  



Nei ther  CAES nor  gas- turb ine  f a c i l i t i e s  produce app rec i ab l e  q u a n t i t i e s  

o f  was tes  p o t e n t i a l l y  t o x i c  t o  t e r r e s t r i a l  b i o t a .  I n  coa l - f i r ed  

f a c i l i t i e s  t h e s e  wastes  must be handled and contained proper ly  i f  they 

a r e  no t  t o  adve r se ly  impact t e r r e s t r i a l  ecosystems. 

Leachates  o r  runo f f  from ash  and s ludge  s t o r a g e  a r e a s  c o n t a i n  meta l s  and 

o t h e r  t r a c e  e lements  which can be accumulated i n  plant  tissues t n  

p o t e n t i a l l y  t o x i c  l e v e i s .  P o t e n t i a l  t o x i n s  can e n t e r  f auna l  food cha ins  

v i a  p l a n t  t i s s u e s  (Dvorak e t  a l . ,  1978). -- 
Raw Mate r i a l  S torage  

Open s t o r a g e  of  raw m a t e r i a l s  i s  of concern only with coa l - f i r ed  

f a c i l i t i e s ,  which r e q u i r e  open s t o r a g e  of l a r g e  c o a l  volumes. Nei ther  

CAES n o r  gas- turb ine  f a c i l i t i e s  r e q u i r e  open s t o r a g e  o f  m a t e r i a l s ;  t h e  

major raw m a t e r i a l  r equ i r ed  i s  l i q u i d  f u e l ,  which w i l l  be s t o r e d  i n  

t anks  and/or  supp l i ed  v i a  p i p e l i n e s .  

Open c o a l  s t o r a g e  p r e s e n t s  t h e  same impact p o t e n t i a l  f o r  t e r r e s t r i a l  

ecosystems as  t h e  handl ing  and d i s p o s a l  of  wastes  d i scussed  prev ious ly  

(Dvorak e t  a l . ,  1978) .  -- 
A i r  Emissions 

The burn ing  of  f o s s i l  f u e l s  produces s e v e r a l  products  (no t ab ly  s u l f u r  

d i o x i d e ,  n i t r o g e n  ox ides ,  and p a r t i c u l a t e  m a t t e r )  t h a t  a r e  p o t e n t i a l l y  

t o x i c  t o  o r  may have an adverse  impact upon t e r r e s t r i a l  organisms. 

The t h r e e  F a c i l i t i e s  may be ranked a s  fol lows i n  terms of  i n c r e a s i n g  a i r  

emiss ion  l e v e l s ;  ( 1 )  CAES, (2 )  gas - turb ine ,  and ( 3 )  c o a l - f i r e d .  Gas- 

t u r b i n e  f a c i l i t i e s  produce about t h r e e  t imes  t h e  emissions of a  CAES 

f a c i l i t y ,  and coa l - f i r ed  f a c i l i t i e s  produce s e v e r a l  t imes t h e  emissions 

o f  gas  t u r b i n e  f a c i l i t i e s .  Table 4.2.2-1 p re sen t s  comparative emission 

in fo rma t ion  f o r  t h e  two f a c i l i t i e s .  



Table 4.2.2-1. Comparative Emissions Data* for Two Types of 220-MW 
Electrical Generating Facilities 

Part ic- Carbon 
Sulfur Nitrogen ulate Mon- Hydro- 
Dioxide Oxide Matter oxide Carbons 

CAES Facility 616 406.8 30 92.4 33.4 

Gas-Turbine Facility 1,850 1,220 90 275 100 

* Uncontrolled Emissions (lb/hr). 
t All emissions based on emission factors from U.S. EPA documents AP-42, 
Table 1.2-1, April 1977, and Standard Combustion Calculations. 

Source: ESE, 1981. 



S u l f u r  d iox ide  emiss ions  a r e  of concern a s  they can be a c u t e l y  o r  

c h r o n i c a l l y  t o x i c  t o  p l a n t  t i s s u e s  g iven  s u f f i c i e n t  exposure.  CAES 

f a c i l i t i e s  a r e  no t  p r o j e c t e d  t o  produce s u l f u r  d iox ide  l e v e l s  s u f f i c i e n t  

t o  r e s u l t  i n  adve r se  impacts upon v e g e t a t i o n .  Emissions from gas 

t u r b i n e  f a c i l i t i e s  may have some adverse impact,  while  coa l - f i r ed  

f a c i l i t i e s  have t h e  g r e a t e s t  p o t e n t i a l .  Emissions from a l l  f a c i l i t i e s  

can be c o n t r o l l e d  t o  minimize p o t e n t i a l l y  t o x i c  cond i t i ons .  

Comparatively,  emiss ions  from a  coa l - f i r ed  220-MW f a c i l i t y  i n c r e a s e  t h e  

p o t e n t i a l  f o r  impact upon t e r r e s t r i a l  communities on o r  near  s i t e ,  

e s p e c i a l l y  t hose  f r e q u e n t l y  fumigated. 

P r o j e c t i o n s  from a i r  q u a l i t y  modeling f o r  t he  t h r e e  f a c i l i t i e s  i n d i c a t e  

t h e  fo l lowing  h i g h e s t  3-hour concen t r a t i ons  of emissions:  

CAE S 25 ug/m3 

Gas-Turb i n e  75 ug/m3 

Coal-f i r e d  219 ug/m3 

Comparing t h e s e  c o n c e n t r a t i o n s  t o  l i t e r a t u r e  v a l u e s  (Dvorak e t  a l . ,  -- 
1978) f o r  ch ron ic  o r  acu t e  t o x i c i t y  sugges ts  t h a t ,  by themselves ,  none 

o f  t h e  f a c i l i t i e s  p r e s e n t s  a  s i g n i f i c a n t  t o x i c i t y  p o t e n t i a l .  However, 

u l t i m a t e  impact depends upon t h e  s e n s i t i v i t y  of  h a b i t a t s  on o r  near  

s i t e .  

T o x i c i t y  of  a i r  emiss ions  t o  animals i s  low r e l a t i v e  t o  t h a t  f o r  

v e g e t a t i o n ,  and p r o j e c t e d  emissions . a r e  wel l  below l e v e l s  of  t o x i c i t y  t o  

animal l i f e .  

Noise 

Eleva ted  no i se  l e v e l s  can  have adverse impact' on t e r r e s t r i a l  w i l d l i f e .  

The major impact of  n o i s e  i s  t o  d i s r u p t  o r  a l t e r  n a t u r a l  behavior  

p a t t e r n s  r e s u l t i n g  i n  t h e  even tua l  displacement  of w i l d l i f e  popula t ions  

o r  i n d i v i d u a l s .  



Of t h e  t h r e e  f a c i l i t i e s  being cons idered ,  t h e  gas  t u r b i n e  and CAES 

f a c i l i t i e s  probably have a  g r e a t e r  n o i s e  p o t e n t i a l  than the  coa l - f i r ed  

f a c i l i t y  due t o  t h e  u t i l i z a t i o n  of t u r b i n e s  and compressors. The gas  

t u r b i n e  f a c i l i t y  would produce h ighe r  cont inuous no ise  l e v e l s  than  

e i t h e r  of t h e  o t h e r  two types ,  bu t  t h e  CAES f a c i l i t y  produces p e r i o d i c  

e l e v a t i o n s  of  n o i s e  during compressor s t a r t u p  and t u r b i n e  ope ra t i on .  

W i l d l i f e  may acc l imate  more qu ick ly  t o  cons t an t  no i se  l e v e l s  t han  t o  

f l u c t u a t i n g  no i se  l e v e l s .  Therefore ,  t h e  CAES f a c i l i t y  may have t h e  

g r e a t e s t  n o i s e  impact p o t e n t i a l .  



4.2.2 LAND USE/SOCIOECONOMICS 

~ o c i o e c o n o m i c  parameters  surrounding a  CAES system inc lude  e x i s t i n g  and 

planned land uses ;  s i t e  land requi rements ;  demographic, economic, 

hous ing  and f i s c a l  impacts t o g e t h e r  with community s e r v i c e s  and 

f a c i l i t i e s ;  t r a n s p o r t a t i o n  and e l e c t r i c  t ransmiss ion  a c c e s s i b i l i t y ;  and 

a r c h a e o l o g i c a l  and h i s t o r i c a l  impact c o n s i d e r a t i o n s .  The proposed 

220-MW compressed a i r  energy s t o r a g e  system w i l l  r e q u i r e  a  s i t e  o f  

approximately 100 a c r e s ,  a  c o n s t r u c t i o n  l abo r  fo rce  averag ing  80 t o  85 

workers (maximum o f  120 workers a t  one t ime) ,  with 15 t o  20 

p r o f e s s i o n a l s ,  and an  i d e a l  ope ra t i ng  work f o r c e  of one t e c h n i c i a n  p e r  

s h i f t ,  g e n e r a t i n g  t o t a l  populated impact, primary and secondary,  o f  l e s s  

t han  25 people  new t o  t h e  reg ion .  The c o n s t r u c t i o n  d u r a t i o n  i s  s h o r t ;  

t h e r e f o r e  the c o n s t r u c t i o n  workers w i l l  tend t o  commute r a t h e r  t han  

r e l o c a t e ,  wi th  r e s u l t a n t  secondary socioeconomic impacts being smal l .  

I n  comparison, a  c o a l - f i r e d  e l e c t r i c  gene ra t i ng  p l a n t  o f  s i m i l a r  s i z e  

would r e q u i r e  s e v e r a l  hundreds of a c r e s ,  400 t o  600 c o n s t r u c t i o n  workers 

and 40 t o  50 o p e r a t i o n s  personnel ,  gene ra t i ng  around 200 new resi.dcnts 

f o r  t h e  a f f e c t e d  reg ion .  Cons t ruc t ion  of  a  coa l - f i r ed  p l an t  t a k e s  

l onge r  t han  a  CAES p l a n t .  Therefore ,  c o n s t r u c t i o n  workers may tend t o  

r e l o c a t e .  Secondary impacts ,  t h e r e f o r e ,  w i l l  be g r e a t e r  t han  with a  

CAES p l a n t .  

A 220-MW combustion t u r b i n e  peaking u n i t  r e q u i r e s  25 t o  35 a c r e s ,  50  t o  

80 (maximum) c o n s t r u c t i o n  workers,  and 3  t o  5 ope ra t i ng  personnel  on a  

l e s s  t h a n  24 hour b a s i s .  Cons t ruc t ion  of a  combustion t u r b i n e  i s  

shor t - te rm,  gene ra t i ng  few o r  no primary o r  secondary impacts.  

Regiona l ly ,  I l l i a o i s  i s  a  h e a v i l y  farmed s t a t e .  Densely populated,  

l a r g e  urbanized a r e a s  a r e  a l s o  loca ted  throughout I l l i n o i s .  A s  l a r g e  



t r a c t s  o f  l a n d  s u i t a b l e  f o r  c o a l - f i r e d  g e n e r a t i n g  p l a n t s  a r e  l e s s  

a v a i l a b l e ,  t h e  s m a l l e r  l and  r e q u i r e m e n t s  o f  a  combust ion t u r b i n e  o r  a  

CAES system r e s u l t  i n  a  g r e a t e r  number of.socioeconomically-acceptable 

s i t e s .  The combust ion t u r b i n e ,  however, i s  g e n e r a l l y  l o c a t e d  a d j a c e n t  

t o  a n  e l e c t r i c  g e n e r a t i n g  p l a n t ,  t h u s  narrowing p r e f e r r e d  s i t e  

s e l e c t i o n s .  Adverse impacts  from a  CAES system a r e  t h e r e f o r e  more 

r e a d i l y  avo ided .  

T r a n s p o r t a t i o n  and e l e c t r i c a l  t r a n s m i s s i o n  a c c e s s i b i l i t i e s  a r e  i n c r e a s e d  

s i g n i f i c a n t l y  w i t h  t h e  lower  a c r e a g e  requ i rement  and g r e a t e r  s i t e  . 

s e l e c t i o n .  The CAES p l a n t  w i l l  be more e a s i l y  l o c a t e d  i n  p r o x i m i t y  t o  

highways and r a i  1 l i n e s ,  w i t h  d e c r e a s i n g  equipment and f u e l  

t r a n s p o r t a t i o n  c o s t s ,  and c l o s e r  t o  e x i s t i n g  a p p r o p r i a t e - v o l t a g e  power 

l i n e s  f o r ,  e l e c t r i c a l  t r a n s m i s s i o n .  Fue l  t r a n s p o r t  f o r  a  combustion 

t u r b i n e  o r  a  CAES p l a n t  i s  by road  and r a i l .  Bulk h a n d l i n g  f a c i l i t i e s  

a r e  n e c e s s a r y  f o r  c o a l - f i r e d  p l a n t s  ( b a r g e s ,  l o a d i n g l u n l o a d i n g ,  e t c . ) .  

S t o r a g e  f a c i l i t i e s  a r e  s i g n i f i c a n t l y  l a r g e r  f o r  a  c o a l - f i r e d  p l a n t  and 

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

s i m p l e  s t o r a g e .  

O v e r a l l ,  above-ground l and  and s t o r a g e  r e q u i r e m e n t s  and f a c i l i t i e s  f o r  a  

combust ion t u r b i n e  o r  a  220-MW CAES p l a n t  a r e  s i g n i f i c a n t l y  l e s s  t h a n  

f o r  a  c o a l - f i r e d  e l e c t r i c  g e n e r a t i n g  p l a n t  o f  s i m i l a r  s i z e .  Prime 

farmland avo idance  i s  f a c i l i t a t e d  by t h e  lower l and  r e q u i r e m e n t ,  a s  i s  

p o s s i b i e  avo idance  o t  a r c h a e o l o g i c a l  and h i s t o r i c a l  s i t e s .  The s m a l l  

l a b o r  f o r c e  r e q u i r e m e n t s  o f  t h e  combustion t u r b i n e  and t h e  CAES p l a n t  

w i l l  e f f e c t  fewer demographic changes and hous ing  impac t s .  Demands 

placed upon community s e r v i c e s  and f a c i l i t i e s  a r e  expec ted  t o  be l e s s  

t h a n  t h o s e  o f  a  c o a l - f i r e d  p l a n t .  

Combustion t u r b i n e s ,  CAES, and c o a l - f i r e d  g e n e r a t i n g  p l a n t s  g e n e r a t e  

p o s i t i v e  economic and f i s c a l  impacts  which should  more t h a n  o f f s e t  any 

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



i nc reased  s e r v i c e s  and p o s s i b l e  c a p i t a l  improvements. Because a  

c o a l - f i r e d  gene ra t i ng  p l a n t  has  more land and f a c i l i t y  requirements ,  t h e  

ad valorem t a x  genera ted  should be s i g n i f i c a n t l y  h ighe r  than f o r  t h e  - 
combust ion-turbine o r  CAES f a c i l i t y .  



4 . 3  REGULATORY CONSIDERATION 

The p r imary  f e d e r a l  a c t s ,  r e g u l a t i o n s ,  and p o l i c i e s  govern ing  t h e  

l i c e n s i n g  and p e r m i t t i n g  o f  a  CAES f a c i l i t y  a r e  s i m i l a r  t o  p o l i c i e s  

govern ing  o t h e r  power g e n e r a t i o n  f a c i l i t i e s .  A l i s t i n g  o f  major  f e d e r a l  

and s t a t e  r e g u l a t o r y  programs a s s o c i a t e d  w i t h  CAES p e r m i t t i n g  and 

l i c e n s i n g  i s  p r e s e n t e d  i n  Tab le  4 . 3 - 1 .  

The major  p r e r e q u i s i t e s  f o r  p e r m i t t i n g  and l i c e n s i n g  a c t i v i t i e s  f o r  CAES 

f a c i l i t i e s  c a n  be  found i n  t h e  body of  env i ronmenta l  law i n i t i a t e d  w i t h  

p a s s a g e  of  t h e  N a t i o n a l  Environmental  P o l i c y  Act (NEPA) o f  1969,  and t h e  

Counc i l  o f  Environmental  Q u a l i t y  (CEQ) R e g u l a t i o n s  f o r  t h e  implementa- 

t i o n  o f  NEPA procedures .  Subsequent r e g u l a t o r y  programs which e x e r t  a n  

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

i n  t h i s  s e c t i o n .  

4 .3 .1  POWER PLANT AND INDUSTRIAL FUEL USE ACT OF 1978 

I n  r e s p o n s e  t o  t h e  o i l  embargo i n i t i a t e d  i n  t h e  e a r l y  and mid 1 9 7 0 1 s ,  

t h e  Power P l a n t  and I n d u s t r i a l  F u e l  Use Act was implemented i n  1978. 

I t s  main o b j e c t i v e  i s  t o  minimize u t i l i z a t i o n  o f  n a t u r a l  g a s  and 

p e t r o l e u m  a s  pr imary energy  s o u r c e s .  S i n c e  a  number o f  CAES d e s i g n s  a r e  

f o r  t h e  u t i l i z a t i o n  o f  one o r  more o f  t h e s e  f u e l s  i n  t h e  g e n e r a t i o n  

c y c l e ,  a s p e c i a l  exemption from the fue l  use  p r o h i b i t i o n s  must be 

o b t a i n e d .  Based on c u r r e n t  economic and e n e r g y  s u p p l y  c o n d i t i o n s ,  

however,  exempt ions  have been g r a n t e d  f o r  a  number of  combus t ion- tu rb ine  - 
a s  w e l l  a s  c o n v e n t i o n a l  gas-burning power f a c i l i t i e s .  S e c t i o n  212 of 

t h e  F u e l  Use Act (FUA) p r o v i d e s  s e v e r a l  a l t e r n a t i v e s  f o r  f u e l  u s e  ' 

exempt ion.  

A s  a  p r e l i m i n a r y  s t e p  t o  t h e  development o f  a  220-MW CAES f a c i l i t y ,  

Soyland h a s  a p p l i e d  f o r  and o b t a i n e d  a  permanent f u e l  m i x t u r e  exempt ion 

from t h e  Act .  It i s  t h e r e f o r e  c o n s i d e r e d  t h a t  f u t u r e  CAES development 

shou ld  n o t  be  hampered by t h e  FUA r e q u i r e m e n t s .  



Table 4.3-1. Fede ra l ,  S t a t e ,  and Local Permits  and Reviews Associated 
wi th  CAES Licensing 

Federa l  Permit s /S tud ie s  Associated Laws 

EIS Review 

ELS Review 

FUA Exemption 

NPDES Permit (EPA; 
316 S tud ie s )  

Nat ional  Environmental Po l i cy  Act o f  
1969 (PL 42 USC 4321 e t  s e q . ) ,  -- 
Executive Orders 11514 and 11991 and 
CEQ Regulat ions of 11/ 29/ 78 

Rural E l e c t r i f i c a t i o a  Ailmiuist-ration 
Bul l e t  i n  20-21 

Power Plant and I n d u s t r i a l  Fuel Use 
Act 

Federal  Water P o l l u t i o n  Control  Act, 
1972 (FL 92-500) 

Sec t ions  401 & 404 Permi ts  (COE) Federal  Water P o l l u t i o n  Control  Act ,  
Sec t ions  401 & 404, 1972 (PL 92-500), 
Execut ive Order 11990 (Wetlands),  
1977 

SDWA/UIC 

Sec t ion  10 Permit (COE) 

SPCC Plan  

EIS 'Review 

EIS Review 

EIS Review 

EIS Review 

Underground I n j e c t i o n  Control  Permit 
40 CFR 146--Also Provides f o r  
Class  V wel l  c l a s s i f i c a t i o n  

- Rivers and Harbors Act of 1899 
(33 USC 401-413) 

EPA S p i l l  Prevent ion Counter 
Measure Cont ro l  lJLan--Section 311Cb) 
(3)  CWA 

Flood D i s a s t e r  P r o t e c t i o n  Act,  1973 
(PL 93-234) 

Execut ive Order 11988 ( ~ l o o d ~ l a i n s )  

Safe Drinking Water Act,  1974 
(PL 93-523) 

National  H i s t o r i c  P re se rva t ion  Act, 
19 74 



Table  4.3-1. F e d e r a l ,  S t a t e ,  and Local  P e r m i t s  and Reviews Assoc ia ted  
w i t h  CAES L i c e n s i n g  (Cont inued Page 2  o f  3) 

F e d e r a l  permit  s / ~ t u d i e s  Assoc ia ted  Laws 

EIS Review 

EIS Review 

EIS Review 

EIS Review 

A r c h a e o l o g i c a l  and H i s t o r i c a l  . 
P r e s e r v a t i o n  Act ,  1974 (PL 93-291) 

E x e c u t i v e  Order  11593 ( H i s t o r i c  
P l a c e s ) ,  1971 

USDA S e c r e t a r y ' s  Memo 1827, r e v i s e d  
1978 (Land Use P o l i c y )  

CEQ's Memorandum f o r  Heads o f  
Agencies ,  1976 

S e c t i o n  7  C o n s u l t a t i o n :  Endangered S p e c i e s  Act. o f  1973,  
B i o l o g i c a l  Assessment amended 1978 (PL 93-205) 

N SPS 4 0  CFR 60 ,  Subpar t  GG, S e p t .  1 0 ,  1979,  
and a s  amended Dec. 5 ,  1980 

Clean  A i r  Act Amendments, 1977 
( 4 2  USC 7476(C)) 

T a l l  S t r u c t u r e s  Permit  F e d e r a l  A v i a t i o n  R e g u l a t i o n ,  P a r t  77 

S t a t e  Permit  s / S t u d i e s  A s s o c i a t e d  Laws 

Water Supply 

Water Pol l u t  i o n  

S o l i d  Waste 

Noise 

Mining 

I l l i n o i s  S t a t u t e  111 112; I l l i n o i s  
Department o f  P u b l i c  H e a l t h  

I l l i n o i s  S t a t u t e  111 112; I l l i n o i s  
EPA Rules  and R e g u l a t i o n s ,  Chap te r  3  

I l l i n o i s  S t a t u t e  111 112; I l l i n o i s  
EPA Rules  and R e g u l a t i o n s ,  Chap te r  7  

I l l i n o i s  S t a t u t e  111 112; I l l i n o i s  
EPA Rules  and R e g u l a t i o n s ,  Chap te r  8 

I l l i n o i s  S t a t u t e  111 112; I l l i n o i s  
EPA Rules  and R e g u l a t i o n s ,  Chap te r  4 



T a b l e  4.3-1. F e d e r a l ,  S t a t e ,  and Loca l  P e r m i t s  and Reviews A s s o c i a t e d  
w i t h  CAES L i c e n s i n g  (Cont inued Page 3 o f  3) 

- - - -  

S t a t e  P e r m i t s / S t  u d i e s  Assoc ia ted  Laws 

Air I l l i n o i s  S t a t u t e  111 1 / 2 ;  I l l i n o i s  
EPA Rules  and R e g u l a t i o n s ,  Chap te r  1 

Administ  r a t  i v e  P r o c e d u r e s  I l l i n o i s  S t a t u t e  111 1 / 2 ;  I l l i n o i s  
EPA Kuloo and Kcgulo t iono ,  Choptcr  1 

Cana 1s and Waterways 

Dra inage  

Roads and Br idges  

N a t u r e  P r e s e r v e s  

I l l i n o i s  S t a t u t e  19 ;  I l l i n o i s  
Department o f  T r a n s p o r t a t i o n  

I l l i n o i s  S t a t u t e  42; I l l i n o i s  
Department of T r a n s p o r t a t i o n  

I l l i n o i s  S t a t u t e  121; I l l i n o i s  
Department o f  T r a n ~ p o r t a t i ~ o n  

I l l i n o i s  Department o f  Mines and 
M i n e r a l s  

I l l i n o i s  S t a t e  P a r k  and Nature  
P r e s e r v e s  Act o f  1925 

L o c a l  P e r m i t s  A s s o c i a t e d  Laws 

Zoning P e r m i t s ,  V a r i a n c e s ,  Zoning Ordinances  
and S p e c i a l  P e r m i t s  Comprehensive P l a n s  

a 

Source :  ESE, 1981. 
* 



4.3 .2  AIR PERMITTING CONSIDERATIONS 

A i r  e m i s s i o n s  produced d u r i n g  t h e  g e n e r a t i o n  phase  a r e  r e l e a s e d  v i a  a  

chimney s t r u c t u r e  ( s t a c k )  a s  on c o n v e n t i o n a l  power f a c i l i t i e s .  Such 

e m i s s i o n s  from a  CAES f a c i l i t y  must be  i n  compl iance  w i t h  t h e  

r e q u i r e m e n t s  of  t h e  Clean  A i r  Act o f  1970 a s  amended. Under t h e  Clean  

Air Act power g e n e r a t  i o n  f a c i l i t i e s  a r e  r e q u i r e d  t o  meet s p e c i f i c  

s t a n d a r d s  o f  performance a s  w e l l  a s  t h e  r e q u i r e m e n t 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 ,  i f  a p p l i c a b l e .  

On September 10,  1979, EPA promulgated New Source  Performance S t a n d a r d s  

(NSPS) f o r  S t a t i o n a r y  Gas Turb ines .  These s t a n d a r d s ,  a s  o r i g i n a l l y  

promulgated and l a t e r  amended on December 5 ,  1980, a r e  d e f i n e d  i n  

T i t l e  4 0 ,  P a r t  6 0 ,  Subpar t  GG,  o f  t h e  Code o f  F e d e r a l  R e g u l a t i o n s .  NSPS 

f o r  s t a t i o n a r y  g a s  t u r b i n e s  w i t h  g r e a t e r  t h a n  100 m i l l i o n  Btu  p e r  hour  

h e a t  i n p u t  a r e  g i v e n  i n  Tab le  4.3-2. S ince  t h e  CAES f a c i l i t y  u t i l i z e s  

g a s - t u r b i n e  t echno logy  ( i t  i s  a  g a s - t u r b i n e  p l a n t  adap ted  w i t h  

f a c i l i t i e s  t o  s t o r e  compressed a i r  f o r  u s e  d u r i n g  t h e  normal peak p e r i o d  

power g e n e r a t i n g  mode), NSPS f o r  s t a t i o n a r y  g a s  t u r b i n e s  w i l l  be  

a p p l i c a b l e .  

As p r e s e n t e d  i n  T a b l e  3.1-1 ( S e c t i o n  3  o f  t h i s  document) ,  t h e  e m i s s i o n  

r a t e s  f o r  a  220-MW n e t  c a p a c i t y  o i l - f i r e d  CAES g a s  t u r b i n e  f a c i l i t y  f a l l  

below NSPS l i m i t s  e s t a b l i s h e d  f o r  bo th  s u l f u r  d i o x i d e  and n i t r o g e n  

o x i d e s .  These l i m i t s  a r e  a t t a i n a b l e  w i t h o u t  t h e  need f o r  any s p e c i a l  

a i r  p o l l u t i o n  c o n t r o l s .  P r o p e r  b u r n e r  d e s i g n  coup led  w i t h  good 

o p e r a t i n g  p r a c t i c e  i s  a l l  t h a t  i s  n e c e s s a r y  t o  meet NSPS l i m i t s .  It 

shou ld  be n o t e d ,  however, t h a t  f o r  CAES g a s - t u r b i n e  p l a n t s  w i t h  h i g h e r  

o u t p u t  c a p a c i t i e s  t h i s  o b s e r v a t i o n  may n o t  b e  whol ly  v a l i d .  That i s ,  

.some form o f  added " c o n t r o l "  ( w a t e r  i n j e c t i o n  f o r  n i t r o g e n  o x i d e s  

c o n t r o l ,  f o r  example) may be  r e q u i r e d  t o  meet NSPS l i m i t s  a s  a  r e s u l t  o f  

h i g h e r  f u e l  r a t e s ,  combust ion zone t e m p e r a t u r e s ,  and p o t e n t i a l l y  

d i f f e r e n t  e x c e s s  a i r  r a t e s .  I n  a d d i t i o n ,  t h e  t u r b i n e  e x h a u s t  g a s  

r e l e a s e  h e i g h t  ( s t a c k  h e i g h t )  may have t o  be  i n c r e a s e d  i n  o r d e r  t o  

m a i n t a i n  a  minimal impact on ambient a i r  q u a l i t y .  



Table  4.3-2. Fede ra l  New Source Performance Standards f o r  S t a t i o n a r y  
Gas Turbines  ( > l o 0  m i l l i o n  Btu per  hour)  

Pol l u t  a n t  E x i s t i n g  Standards 

S u l f u r  Dioxide ( a )  - <0.015 percent  by volume a t  15-percent 
oxygen, on a  d ry  b a s i s ,  o r  

(b) Fuel s u l f u r  con ten t  <0.8 percent  by - 
weight 

Y = manufac tu re r ' s  r a t e d  hea t  r a t e  a t  manufac tu re r ' s  r a t e d  load 
( k i l o j o u l e s  p e r  wat t  hour ) ;  Y s h a l l  not exceed 14.4 k i l n j n l t l ~ s  
per wat t  hour .  

( 2 )  F = NO, emiss ion  allowance f o r  fuel-bound n i t rogen .  

Sources:  Code o f  Federa l  Regula t ions ,  T i t l e  40; P a r t  60, Subpart  D .  
Federa l  Reg i s t e r ,  ~ o i .  44, No. 113, June 11, 1979. - 



Although l a r g e r  c a p a c i t y  CAES p l a n t s  may be r e q u i r e d  t o  i n c l u d e  some 

form o f  a i r  p o l l u t i o n  c o n t r o l  i n  t h e  p l a n t  d e s i g n  i n  o r d e r  t o  meet NSPS 

r e q u i r e m e n t s ,  l i t t l e  d i f f i c u l t y  shou ld  be encoun te red  i n  mee t ing  Ambient 

A i r  Q u a l i t y  S t a n d a r d s  (AAQs) and 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  

(PSD) increment  l i m i t s .  The impact l e v e l s  p r e d i c t e d  f o r  t h e  220-MW n e t  

c a p a c i t y  g a s  t u r b i n e  CAES p l a n t  a r e  a t  o r  below PSD s i g n i f i c a n c e  l e v e l s  

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

l a r g e r  f a c i l i t i e s  would g e n e r a t e  a  minor impact o n  AAQS and o n l y  minimal 

impact on PSD increment  consumption.  A CAES g a s  t u r b i n e  p l a n t  t h a t  i s  

t e n  t i m e s  t h e  c a p a c i t y  o f  t h e  220-MW p l a n t  would consume o n l y  about  

one-half  t o  two- th i rds  o f  t h e  a v a i l a b l e  PSD inc rements  f o r  s u l f u r  

d i o x i d e  i n  a  C l a s s  I1 a r e a  and o n l y  15 t o  20 p e r c e n t  o f  t h e  t o t a l  AAQS 

limits. 

4 .3 .2 .1  PREVENTION OF SIGNIFICANT DETERIORATION (PSD) 

On December 5 ,  1974,  U.S. EPA, under  4 0  CFR, P a r t  52,  promulgated PSD 

a i r  q u a l i t y  r e g u l a t i o n s .  Revised PSD r e g u l a t i o n s  promulgated by 

U.S. EPA i n  June  1978 i n c o r p o r a t e d  t h e  r e q u i r e m e n t s  o f  t h e  Clean A i r  Act 

Amendment o f  1977 ( P u b l i c  Law 95-95). S p e c i f i c a l l y ,  S e c t i o n  52.21 (and 

v a r i o u s  s u b s e c t i o n s )  r e q u i r e  t h a t  U.S. EPA r e v i e w  c e r t a i n  new s o u r c e  

c a t e g o r i e s  t o  e n s u r e  compl iance  w i t h  a i r  q u a l i t y  i n c r e m e n t s ,  ambient a i r  

q u a l i t y  s t a n d a r d s ,  and Best  A v a i l a b l e  C o n t r o l  Technology (BACT). 

4.3.2.2 FEDERAL PSD REGULATIONS APPLIED TO CAES 

Revised f e d e r a l  PSD r e g u l a t i o n s  promulgated i n  t h e  F e d e r a l  R e g i s t e r  

o n  August 7 ,  1980, and i n c o r p o r a t e d  i n t o  t h e  Code o f  F e d e r a l  R e g u l a t i o n s ,  

T i t l e  40,  P a r t  52,  w i l l  be a p p l i c a b l e  t o  CAES f a c i l i t i e s .  The d e f i n i t i o n  

o f  a  "major s t a t i o n a r y  source"  i n c l u d e s  p l a n t s  l a r g e r  t h a n  250 m i l l i o n  

Btu-per-hour i n p u t  which a l s o  emi t  more t h a n  100 t o n s  p e r  y e a r  o r  more 

o f  any  a i r  p o l l u t a n t  s u b j e c t  t o  r e g u l a t i o n  under  t h e  Clean A i r  Act .  

4 .3 .2 .3  AMBIENT AIR QUALITY STANDARDS 

As a  r e s u l t  o f  r e q u i r e m e n t s  o f  t h e  1970 Amendments o f  t h e  Clean A i r  Ac t ,  

U.S. EPA e n a c t e d  Pr imary and Secondary 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  (AAQS) ( F e d e r a l  R e g i s t e r ,  1971) f o r  s i x  a i r  p o l l u t a n t s .  

Pr imary N a t i o n a l  AAQS p r o t e c t  t h e  p u b l i c  h e a l t h ,  and Secondary N a t i o n a l  

AAQS p r o t e c t  t h e  p u b l i c  w e l f a r e  from any known o r  a n t i c i p a t e d  a d v e r s e  

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

T a b l e  4 . 3 - 2  p r e s e n t s  e x i s t i n g  a p p l i c a b l e  N a t i o n a l  AAQS. P o l l u t a n t s  f o r  

which AAQS h a v e  been  e s t a b l i s h e d  a r e  termed " c r i t e r i a "  p o l l u t a n t s .  

Areas  o f  t h e  c o u n t r y  shown t o  be i n  v i o l a t i o n  o f  any AAQS a r e  d e s i g n a t e d  

a s  nona t ta inment  a r e a s ,  and new o r  modi f i ed  s o u r c e s  t o  be l o c a t e d  i n  o r  

n e a r  t h e s e  a r e a s  may be s u b j e c t  t o  more s t r i n g e n t  a i r  p e r m i t t i n g  

requ i rement  s. 

Under PSD rev iew r e q u i r e m e n t s ,  a l l  major  new s o u r c e s  o f  a i r  p o l l u t a n t s  

r e g u l a t e d  under  t h e  Clean  A i r  Act must be reviewed and approved by 

U.S. EPA ( o r  by t h e  s t a t e ,  i f  r ev iew a u t h o r i t y  has  been d e l e g a t e d  t o  t h e  

s t a t e ) .  A  "major s t a t i o n a r y  source"  i s  d e f i n e d  a s  any one o f  28 named 

s o u r c e  c a t e g o r i e s  which h a s  an e m i s s i o n s  p o t e n t i a l  o f  100 t o n s  p e r  y e a r  

o r  more,  o r  any  o t h e r  s t a t i o n a r y  s o u r c e  w i t h  an e m i s s i o n s  p o t e n t i a l  o f  

250 t o n s  pe r  y e a r  o r  more o f  any p o l l u t a n t  r e g u l a t e d  under  t h e  Clean A i r  

Act. " P o t e n t i a l  t o  emi t "  means t h e  c a p a b i l i t y  a t  maximum d e s i g n  

c a p a c i t y  t o  e m i t  a  p o l l u t a n t  a f t e r  a p p l i c a t i o n  o f  c o n t r o l  equipment.  

Congress ,  i n  p romulga t ing  t h e  1977 Clean  A i r  Act Amendments, and 

U.S. EPA by implementing t h i s  l e g i s l a t i v e  r e q u i r e m e n t ,  s p e c i f i e d  t h a t  

c e r t a i n  i n c r e a s e s  above a n  a i r  q u a l i t y  "base l ine"  l e v e l  o f  s u l f u r  

d i o x i d e  and t o t a l  s 'uspended p a r t i c u l a t e  c o n c e n t r a t i o n s  wo111d c o n s t i t u t e .  

s i g n i f i c a n t  d e t e r i o r a t i o n .  The e x a c t  increment  cannot  be exceeded and 

depends upon t h e  c l a s s i f i c a t i o n  o f  t h e  a r e a  impacted by a  new p l a n t  ( o r  

majur modification). ~ h r e e  c l a s s i t i c a t l o n s  were d e s i g n a t e d  depending on  

t h e  c r i t e r i a  e s t a b l i s h e d  i n  t h e  Clean ~ i r  Act .  I n i t i a l l y ,  Congress 

promulgated a r e a s  a s  C l a s s  I ( i n t e r n a t i o n a l  p a r k s ,  n a t i o n a l  w i l d e r n e s s  

a r e a s ,  and memorial p a r k s  l a r g e r  t h a n  5 ,000 a c r e s ,  and n a t i o n a l  p a r k s  

l a r g e r  t h a n  6 ,000 a c r e s )  o r  C l a s s  I1 ( a l l  o t h e r  a r e a s  n o t  d e s i g n a t e d  a s  

C l a s s  I ) .  No C l a s s  I11 a r e a s ,  which a l l o w  g r e a t e r  d e t e r i o r a t i o n  t h a n  

C l a s s  I1 a r e a s ,  were d e s i g n a t e d .  T a b l e  4 . 3 - 3  p r e s e n t s  PSD inc rements .  



Table  4.3-3. Ambient A i r  Q u a l i t y  S tandards  (AAQS) and 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  (PSD) 
A l l  owable Increments  

P o l l u t a n t  

AAQS 
Primary Secondary 

Averaging Time Standard Standard C l a s s  I C l a s s  I C l a s s  I11 

suspended P a r t  i s u l a t e  Annual Geometric Mean 75 ug/m3 60 ug/m3 5  19 3  7  
M a t t e s  24-Hour Maximum* 260 ug/m3 150 ug/m3 10 3  7  7  5 

S u l f u r  Dioxide  

Carbon Monoxide 

Hydrocarbons 

Annual A r i t h m e t i c  Mean 80 ug/m3 2  20 40 
24-Hour Maximum* 365 ug/m3 5  91 182 
3-Hour &laximum* NAt  1 ,300  ug/m3 25 5  12 7  00 

8-Hour Haximum* 10 mg/m3 10 mg/m3 t t t 
1-Hour blaximum* 40 mg/m3 40 mg/m3 t t t 

N i t r o g e n  Dioxide  Annual A r i t h m e t i c  Mean 100 ug/m3 100 ug/m3 t t t 

Ozone 1-Hour Maximum* '235 ug/m3 235 ug/m3 t t t 

Lead 
,' 

Calendar  Q u a r t e r  1 .5  ug/m3 1 .5  ug/m3 t . 

Ari thmeeic  Mean 

* Maximum c o n c e n t r a t i o n  no t  t o  be exceeded more t h a n  once p e r  y e a r .  
t No s t a n d a r d  e x i s t s .  

Source:  U.S. Environmental  P r o t e c t i o n  Agency, 1979. 



I n  accordance  w i t h  r e q u i r e m e n t s  of  40 CFR 52.21(m),  any a p p l i c a t i o n  f o r  

a  PSD p e r m i t  must c o n t a i n ,  f o r  each  p o l l u t a n t  r e g u l a t e d  under  t h e  Clean  

A i r  A c t ,  an  a n a l y s i s  o f  c o n t i n u o u s  ( u p  t o  1 y e a r )  ambient a i r  q u a l i t y  1 

d a t a  i n  t h e  a r e a  t h e  proposed major  s t a t i o n a r y  s o u r c e  o r  major  

m o d i f i c a t i o n  would a f f e c t .  For a  new s o u r c e ,  t h e  a f f e c t e d  p o l l u t a n t s  

a r e  t h o s e  t h a t  t h e  s o u r c e  would p o t e n t i a l l y  emit  i n  a  s i g n i f i c a n t  

amount. For a  m o d i f i c a t i o n ,  t h e  a f f e c t e d  p o l l u t a n t s  a r e  t h o s e  which 

would h a v e  a  n e t  i n c r e a s e  by a  g r e a t e r - t h a n - s i g n i f i c a n t  amount. 

The r e g u l a t i o n s ,  however,  i n c l u d e  an exempt ion which e x c l u d e s  o r  l i m i t s  

t h e  p o l l u t a n t s  r e q u i r i n g  a n  a i r  q u a l i t y  a n a l y s i s .  T h i s  exempt ion s t a t e s  

t h a t  t h e  m o n i t o r i n g  r e q u i r e m e n t s  o f  40 CFR 52.21(m) s h a l l  n o t  app ly  t o  a  

proposed major  s t a t i o n a r y  s o u r c e  o r  major  m o d i f i c a t i o n  w i t h  r e s p e c t  t o  a  

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

s o u r c e  o r  m o d i f i c a t i o n  would c a u s e ,  i n  any a r e a ,  a i r  q u a l i t y  impacts  

l e s s  t h a n  c e r t a i n  d e  min imis  l e v e l s .  - 

PSD r e g u l a t i o n s  s p e c i f i c a l l y  r e q u i r e  u s i n g  a tmospher ic  d i s p e r s i o n  models 

t o  pe r fo rm impact a n a l y s i s ,  e s t i m a t e  b a s e l i n e  and f u t u r e  a i r  q u a l i t y  

l e v e l s ,  and d e t e r m i n e  compl iance  w i t h  AAQS and a l l o w a b l e  PSD i n c r e m e n t s .  

Des igna ted  U.S. EPA models  u s u a l l y  must b e  used.  S p e c i f i c  a p p l i c a t i o n s  

f o r  o t h e r  t h a n  U.S. EPA-approved models r e q u i r e  U.S. EPA's c o n s u l t a t i o n  

and p r i o r  a p p r o v a l .  

The 1977 C l e a n  A i r  Act Amendments s p e c i f y  t h a t  t h e  d e g r e e  o f  e m i s s i o n  

l i m i t a t i o n  r e q u i r e d  f o r  c o n t r o l  of  any p o l l u t a n t  canno t  be  a f f e c t e d  by a  

s t a c k  h e i g h t  e x c e e d i n g  good e n g i n e e r i n g  p r a c t i c e  (GEP) o r  any o t h e r  

d i s p e r s i o n  t e c h n i q u e .  U.S. EPA promulgated proposed s t a c k  h e i g h t  

r e g u l a t i o n s  on J a n u a r y  1 2 ,  1979.  GEP s t a c k  h e i g h t  is  d e f i n e d  a s  

30 m e t e r s ,  o r  a s  t h e  h e i g h t  o f  t h e  nearby s t r u c t u r e  p l u s  1 . 5  t i m e s  t h e  

l e s s e r  d imension o f  t h e  h e i g h t  o r  w i d t h ,  whichever  i s  g r e a t e r .  

4 .3 .2 .4  BEST AVAILABLE CONTROL TECHNOLOGY 

Determining t h e  B e s t  A v a i l a b l e  C o n t r o l  Technology (BACT) i s  r e q u i r e d  by 

U.S. EPA p u r s u a n t  t o  PSD r e g u l a t i o n s  f o r  a l l  new major  s o u r c e s  o f  any- 



pollutant. U.S. EPA requires that the owner of the source, or a 

representative for each different point emission source, prepare a form 

which evaluates the environmental, energy, and economic impacts of 

selected and alternative control techniques. 

4 . 3 . 2 . 5  ATMOSPHERIC DISPERSION MODELING IMPACT ANALYSIS 

An atmospheric dispersion modeling impact analysis of ambient air 

quality levels is required under PSD regulations. The air quality 

impact analysis must demonstrate that the proposed source will not cause 

or contribute to a violation of either maximum allowable PSD increments 

or AAQS. U.S. EPA modeling guidelines must be followed in performing 

the analysis for respective review agencies, or prior approval must be 

obtained for significant deviations from these guidelines. 

In addition to air quality impact analyses, federal PSD regulations 

require additional analyses on impairment to visibility and impacts upon 

soils and vegetation which would occur as a result of the source. This 

analysis is to be conducted primarily for Class I PSD areas. Impacts 

due to general commercial, residential, industrial, and other growth 

associated with the source must also be addressed. 

De minimis emission levels have been promulgated to define when a "net - 
emissions increase" is "significant." The de minimis levels are listed - 
in Table 4 . 3 - 4 .  Since emissions from a CAES facility can exceed certain 

de minimis levels., the proposed CAES system can be designated "major" - 
and, therefore may have to undergo federal PSD review. 

4 . 3 . 3  WATER SUPPLY AND DISCHARGES 

The CAES cooling water system is primarily used to cool storage air 

during various stages of the compression cycle. In addition, smaller 

. cooling streams are use to provide cooling to auxiliary equipment during 

power generation. As a result, approximately 1,500 gpm is required to 

compensate for cooling tower drift, evaporation loss, and blowdown at 



T a b l e  4.3-4. S i g n i f i c a n t  L e v e l s  f o r  Net Emiss ions  I n c r e a s e  o r  
P o t e n t i a l  t o  Emit 

Emiss ions  L e v e l s  
( t o n s  p e r  y e a r )  

.Carbon Monoxide 

N i t r o g e n  Oxides 

S u l f u r  Diox ide  

P a r t i c u l a t e  M a t t e r  

Ozone 

Lead 

A s b e s t o s  

B e r y l l i u m  

Mercury 

V i n y l  C h l o r i d e  

F l u o r i d e s  

S u l f u r i c  Acid Mist 

Hydrogen S u l f i d e  (H2S) 

T o t a l  Reduced S u l f u r  
( i n c l u d i n g  112S) 

Reduced S u l f u r  Compounds 
( i n c l u d i n g  H2S) 

100 

40 0 

40 

2 5 

40 ( v o l a t i l e  o r g a n i c  compounds) 

0.6 

0.007 

0.0004 

0.1 

1 

4 

7 

~n 

10 

Source :  ESE, 1981. 



f u l l  load  o p e r a t i o n  f o r  a  220-MW CAES. Although w a t e r  wi thdrawals  a r e  

r e l a t  i L e l y  modest ,  l o c a l - o r  s t a t e - l e v e l  p e r m i t s  a r e  r e q u i r e d .  For  t h e  

p lanned 220-MW CAES f a c i l i t y  i n  I l l i n o i s ,  w a t e r  wi thdrawal  p e r m i t t i n g  i s  

governed by t h e  Department o f  T r a n s p o r t a t i o n  ( I l l i n o i s  S t a t u t e  1 9 ) .  

Water d i s c h a r g e s  from CAES f a c i l i t i e s  t o  w a t e r s  of  t h e  Uni ted  S t a t e s  

(40  CFR 122.3)  w i l l  a l s o  r e q u i r e  a p p r o p r i a t e  a u t h o r i z a t i o n s  under  t h e  

N a t i o n a l  P o l l u t a n t  Discharge  E l i m i n a t i o n  System (NPDES) a s  d e f i n e d  i n  

S e c t i o n  402 o f  t h e  Clean  Water Act (CWA). A s  such ,  CAES f a c i l i t i e s  w i l l  

b e  r e q u i r e d  t o  meet a p p r o p r i a t e  w a t e r  q u a l i t y  s t a n d a r d s  o f  t h e  r e c e i v i n g  

body o f  w a t e r  c o n s i s t e n t  w i t h  S e c t i o n s  301 ( E f f l u e n t  L i m i t a t i o n s ) ,  302 

(Water Q u a l i t y  R e l a t e d  E f f l u e n t  L i m i t a t i o n s ) ,  and 304 ( I n f o r m a t i o n  and 

G u i d e l i n e s )  o f  t h e  CWA. Iti a d d i t i o n ,  e f f l u e n t  l i m i t a t i o n s  f o r  p o i n t  

s o u r c e s  f o r  a l l  p o l l u t a n t s  i d e n t i f i e d  pursuan t  t o  S e c t i o n  3 0 4 ( a ) ( 4 )  o f  

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

c o n t r o l  t echno logy  ( e . g . ,  b i o l o g i c a l  oxygen demand, t o t a l  suspended 

s o l i d s ,  pH, f e c a l  c o l i f o r m ,  o i l  and g r e a s e ) .  

4 .3 .3 .1  INTAKE AND DISCHARGE STRUCTURES 

The development o f  CAES i n s t a l l a t i o n s  may r e q u i r e  t h e  placement o f  

s t r u c t u r e s  f o r  i n t a k e  c o o l i n g  w a t e r  and d i s c h a r g e  sys tems a s  w e l l  a s  

a s s o c i a t e d  d r e d g e - a n d - f i l l  a c t i v i t i e s  which may t a k e  p l a c e  i n  n a v i g a b l e  

w a t e r s  . 

The U.S. Army Corps o f  E n g i n e e r s  (COE) i s  r e s p o n s i b l e  f o r  r e g u l a t i n g  

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

Uni ted  S t a t e s  (PL 92-500, S e c t i o n  404) .  , A s  o f  J u l y  1, 1977,  C O E ' s  

j u r i s d i c t i o n  h a s  been expanded t o  i n c l u d e  t r i b u t a r i e s  o f  n a v i g a b l e  

w a t e r s  w i t h  f lows  o f  more t h a n  5  c u b i c  f e e t  p e r  second and a d j a c e n t  

w e t l a n d s .  It i s  p r o b a b l e  t h a t  g r a n t i n g  o f  COE p e r m i t s  may a l s o  i n  some 

c a s e s  c o n s t i t u t e  a  "major f e d e r a l  a c t i o n "  and w i l l  r e q u i r e  an  

Environmental  A s s e s s m e n t ' f o r  d e t e r m i n a t i o n  o f  p o l l u t a n t  impac t s  

( 4 0  CFR 230) .. 



The Rivers  and Harbors Act of 1899 g r a n t s  c o n t r o l  of s t r u c t u r e s  i n  

nav igab le  waters  t o  t h e  Sec re t a ry  of  t h e  Army and, by d e l e g a t i o n ,  t o  

COE. For example, c o n s t r u c t i o n  of  a coo l ing  water  i n t ake  o r  d i s cha rge  

s t r u c t u r e  f o r  a  CAES f a c i l i t y  w i l l  r e q u i r e  a u t h o r i z a t i o n  from COE. Th i s  

a u t h o r i z a t i o n  i s  u s u a l l y  combined wi th  t h e  dredge and f i l l  permi t .  

4 .3 .3 .2  FITEL STORAGE 

The planned 220-MW CAES f a c i l i t y  w i l l  u t i l i z e  two f u e l  o i l  t anks  t o  

provide  up  t o  90 days  o f  s t o r a g e .  The tanks  (each 120 f e e t  by 35 f e e t )  

w i l l  ho ld  a  t o t a l  o f  6,000,000 g a l l o n s  of  Number 2  f u e l  o i l .  A s  a  

r e s u l t ,  t h i s  and o t h e r  CAES f a c i l i t i e s  with any s i g n i f i c a n t  o i l  s t o r a g e  

must comply wi th  o i  1 s p i l l  p revent  ion r e g u l a t i o n s  c o d i f i e d  i n  

40  CFR 112. I n  e s sence ,  i t  w i l l  be necessary  t o  provide both des ign  and 

o p e r a t i n g  c~ns iderat ions  t o  minimize t h e  e f f e c t  nf pntenti.91 o i l  s p i l l s  

and a  countermeasures  p lan  i n  t h e  event  of such an occurrence.  

4 .3 .3 .3  UNDERGROUND INJECTION CONSIDERATIONS 

S e c t i o n  1 4 2 1 ( d ) ( l )  o f  t h e  Safe  Drinking Water Act (SDWA) of  1974 

r e q u i r e s  t h a t  t h e  we l l  i n j e c t i o n  o f  f l u i d s  be c o n t r o l l e d  by permit t o  

p r o t e c t  t h e  i n t e g r i t y  of  groundwater r e sou rces .  Although t h e  

c l a s s i f i c a t i o n  o f  a i r  i n j e c t i o n  a s  a  f l u i d  may be more ques t i onab le ,  t h e  

u t i l i z a t i o n  o f  a  water  compensation system would a l s o  c o n s t i t u t e  a wel l  

i n j e c t i o n .  Therefore ,  t h e  SDWA has  s u b s t a n t i a l  i m p l i c a t i o n s  i n  t h e  

development o f  CAES f a c i l i t i e s ,  e s p e c i a l l y  aquifer-based systems. 

4 .3 .4  ENVIRONMENTAL IMPACT STATEMENT REQUIREMENTS 

Primary EIS c o n s i d e r a t i o n s  stem from t h e  requirements  of t h e  Nat iona l  

Environmental Po l i cy  ACT (NEPA) of 1969 and t h e  Council  o f  Environmental 

Q u a l i t y  (cEQ) r e g u l a t i o n s  f o r  t h e  implementation o f  NEPA procedures  

( e f f e c t i v e  J u l y  30, 1979).  A s  a r e s u l t  of app l i cab l e  r e g u l a t o r y  

progr.ams p rev ious ly  d i s c u s s e d ,  t h e  p o t e n t i a l  f o r  t h e  approval  p rocess  

r e q u i r i n g  a  major f e d e r a l  a c t i o n  i s  probable .  



I n  a d d i t i o n ,  judgments r e g a r d i n g  CAES development a s  hav ing  s i g n i f i c a n t  

env i ronmenta l  impacts  w i l l  t end  t o  be  more c o n s e r v a t i v e  based on t h e  

newness of  t h e  t echno logy .  

Because of S o y l a n d ' s  p o s i t i o n  a s  a  c o o p e r a t i v e  u t i l i t y ,  t h e  R u r a l  

E l e c t r i f i c a t i o n 5  A d m i n i s t r a t i o n  (REA) p rocedures  f o r  implementing NEPA 

(REA B u l l e t i n  20-21:320-21) w i l l  a p p l y .  REA w i l l  most l i k e l y  be 

a s s i g n e d  l e a d  agency s t a t u s  a s  a  r e s u l t  of  an  i n t e r a g e n c y  s c o p i n g  

mee t ing .  The major  f e d e r a l  a c t i o n  s u p p o r t i n g  t h i s  s t a t u s  i s  t h e  

a n t i c i p a t i o n  o f  a  l o a n  g u a r a n t e e  t o  Soyland Power C o o p e r a t i v e ,  I n c . ,  f o r  

c o n s t r u c t i o n  o f  t h e  CAES f a c i l i t y ,  by t h e  REA. 

Lead agency s t a t u s  i s  i n  accordance  w i t h  NEPA and subsequent  CEQ 

g u i d e l i n e s .  A s  such ,  REA would be  r e s p o n s i b l e  f o r  o v e r s e e i n g  t h e  

conduct  o f  env i ronmenta l  s t u d i e s ,  p r e p a r a t i o n  o f  a n  env i ronmenta l  

a n a l y s i s  and a n  environment .a l  impact  s t a t e m e n t  ( i f  r e q u i r e d )  , and p u b l i c  

p a r t i c i p a t i o n .  

4 .3 .5  STATE AND LOCAL PERMITTING 

The S t a t e ' o f  I l l i n o i s  h a s  been d e l e g a t e d  primacy f o r  a l l  major  f e d e r a l  

pe rmi t  programs. A s  s u c h ,  S o y l a n d ' s  planned 220-MW CAES w i l l  r e c e i v e  

overview from t h e  f o l l o w i n g  a g e n c i e s :  

I l l i n o i s  Enviro,nmental  P r o t e c t i o n  Agency- - I l l ino i s  Environmental  

P r o t e c t i o n  Agency (EPA) i s  r e s p o n s i b l e  f o r  t h e  i s s u a n c e  o f  bo th  

c o n s t r u c t i o n  and o p e r a t i n g  p e r m i t s  f o r  t h e  proposed CAES. Under a  

c o o r d i n a t e d  p e r m i t  r e v i e w  program, s e v e r a l  pe rmi t  a p p l i c a t i o n s  a r e  

combined i n t o  one s u b m i t t a l .  Inc luded  i n  t h e  a g e n c y ' s  pe rmi t  

program a r e  p r o v i s i o n s  f o r  w a t e r  p o l l u t i o n  (EPA Rules and 

R e g u l a t i o n s ,  Chap te r  3 ) ,  s o l i d  waote (Chap te r  71, a i r  q u a l i t y  

(Chap te r  2 ) ,  and n o i s e  (Chap te r  8). The planned CAES f a c i l i t y  w i l l  

need a p p r o v a l  from I l l i n o i s  EPA p r i o r  t o  i n i t i a t i o n  o f  c o n s t r u c t i o n  

a t  t h e  s i t e .  



Illinois Department of Transportation--Illinois Department of 

Transportation (DOT) has enforcement responsibilities for the 

state's bridges and highways, canals and waterways, and drainage 

(Illinois Statutes 121, 19, and 42, respectively). 

Illinois Department of Public Health--Illinois Department of Public 

Health governs the construction, operation, and quality of water 

from public water supplies. During the operational phase of any 

ground- or surface water potable water source, the department 

requires routine monitoring of bacteriological and other water 

quality parameters. 

Illinois Department of Conservation--The Illinois Department of 

Conservation (DOC) has the responsibility of maintaining the 
- 

quality and integrity of the state's natural biological systems and 

cultural and historical heritage. Hence, Illinois DOC reviews all 

major projects for impacts on these features. The Division of 

Historical Sites has the responsibility to recommend, when 

necessary, measures to assure the protection or mitigation of the 

state's archaeological and historical resources. These measures 

can range from preliminary surveys to detailed excavations. 

Local Permits and Reviews--The local County Zoning Administrator 

has responsibility for reviewing and i s s u i n g  requested znn.i.ng 

variances and changes, and issuing building permits. 
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