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SUMMARY 

Th is  document examines several  r e g u l a t o r y  and l e g a l  issues t h a t  can poten-  

t i a l l y  a f f e c t  implementat ion o f  a compressed a i r  energy storage (CAES) system. 

Th i s  technology i nvo l ves  t h e  compression o f  a i r  us ing  base load e l e c t r i c  power 

f o r  s torage i n  an underground storage medium. The a i r  i s  subsequently re leased 

and al lowed t o  pass through a t u r b i n e  t o  generate e l e c t r i c i t y  du r ing  per iods  o f  

peak demand. The storage media considered most f e a s i b l e  are a mined hard rock  

cavern, a solut ion-mined cavern i n  a s a l t  deposi t ,  and a porous geo log ic  forma- 

t i o n  (normal ly  an a q u i f e r )  o f  s u i t a b l e  s t r u c t u r e .  The issues are discussed i n  

f o u r  categor ies:  r e g u l a t o r y  issues common t o  most CAES f a c i l i t i e s  regard less  

o f  s torage medium, r e g u l a t o r y  issues app l i cab le  t o  p a r t i c u l a r  CAES r e s e r v o i r  

media, issues r e l a t e d  t o  p o s s i b l e  l i a b i l i t y  f rom CAES operat ions,  and issues 

r e l a t e d  t o  a c q u i s i t i o n  o f  appropr ia te  p rope r t y  r i g h t s  f o r  CAES implementat ion. 

A v a r i e t y  o f  r e g u l a t o r y  issues can p o t e n t i a l l y  a f f e c t  implementat ion o f  

any CAES p r o j e c t .  The focus i n  t h i s  document i s  on selected f e d e r a l  regu la-  

t i o n .  Lesser a t t e n t i o n  i s  g iven t o  s t a t e  and l o c a l  regu la t i on .  Conventional 

CAES systems r e l y  on a l i q u i d  petro leum product  o r  n a t u r a l  gas t o  preheat  t he  

compressed a i r  be fo re  i t  enters  t h e  t u r b i n e ,  Use o f  these f u e l s  w i l l  r e q u i r e  

an exemption f rom the  Powerplant and I n d u s t r i a l  Fuel Use Act.  The CAES p l a n t  

planned by t h e  Soyland Power Cooperative, Inc .  has r e c e n t l y  rece ived such an 

exemption. The a i r  emissions t h a t  r e s u l t  f rom burning the  f o s s i l  f u e l s  must be 

c o n t r o l  l e d  s u f f i c i e n t l y  t o  meet a11 r e g u l a t o r y  requirements under t h e  Clean A i r  

Act .  A t  a minimum t h i s  w i l l  i n v o l v e  meeting the  Environmental P r o t e c t i o n  

Agency (EPA) new source performance standard f o r  gas tu rb ines .  Compliance w i t h  

p revent ion  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  and nonattainment regu la t i ons  under the  

Ac t  may a l so  be requi red,  depending on t h e  q u a n t i t y  o f  i n d i v i d u a l  p o l l u t a n t  

emissions and the  ambient a i r  q u a l i t y  a t  t he  CAES s i t e .  

Several r e g u l a t o r y  concerns r e l a t e  t o  water. A pe rm i t  under t h e  under- 

ground i n j e c t i o n  program created by the  Safe D r i n k i n g  Water Ac t  w i l l  most 

l i k e l y  be needed f o r  any CAES system. Surface water discharges are no t  

expected t o  be a ser ious  problem w i t h  a CAES system, b u t  a Nat iona l  P o l l u t i o n  

Discharge E l i m i n a t i o n  System pe rm i t  w i l l  s t i l l  most l i k e l y  be needed. Specia l  



precaut ionary  measures may be requ i red  t o  minimize the  p o s s i b i l i t y  o f  o i l  

s p i l l s  a t  t h e  s i t e .  The CAES opera tor  w i l l  a l so  need t o  comply w i t h  s t a t e  law 

t o  ob ta in  a  supply o f  water f o r  coo l i ng ,  c leaning,  san i ta ry ,  and o the r  pur-  

poses. A l i m i t e d  number o f  w e l l s  w i l l  be needed f o r  i n j e c t i o n  and mon i to r i ng  

f o r  CAES systems us ing  a  cavern i n  hard rock  or  a  s a l t  depos i t  f o r  a i r  s t o r -  

age. I n  con t ras t ,  a  l a r g e  aqui fer- based system may r e q u i r e  up t o  severa l  

hundred we l l s .  Compliance w i t h  a p p l i c a b l e  s t a t e  and l o c a l  w e l l  d r i l l i n g ,  

cons t ruc t ion ,  and abandonment standards w i  11 a1 so be necessary. 

Ce r ta in  miscel laneous r e g u l a t o r y  concerns w i l l  a l so  be a p p l i c a b l e  t o  any 

CAES system. An environmental impact statement w i l l  most l i k e l y  be requ i red  

e i t h e r  because a  s i g n i f i c a n t  f e d e r a l  pe rm i t  o r  o the r  a c t i o n  i s  i nvo l ved  o r  

because t h e  f a c i l i t y  i s  i n  a  s t a t e  having i t s  own environmental p o l i c y  act .  A  

c e r t i f i c a t e  o f  convenience and necess i t y  and s t a t e  concurrence i n  f a c i l i t y  s i t -  

i n g  w i l l  be r e q u i r e d  i n  most s ta tes .  F i n a l l y ,  t h e  CAES owner/operator w i l l  

have t o  comply w i t h  a p p l i c a b l e  hea l th ,  sa fe ty ,  and no ise  r e g u l a t i o n s .  

A d d i t i o n a l  r e g u l a t o r y  concerns are app l i cab le  t o  CAES i n  p a r t i c u l a r  s t o r -  

age mediums. The p r i n c i p a l  environmental and r e g u l a t o r y  concern f o r  CAES i n  a  

s a l t  cavern w i l l  be d i sposa l  o f  t h e  b r i n e  generated du r ing  cavern cons t ruc t i on .  

Underground i n j e c t i o n  i s  t he  most probable d isposa l  op t ion ,  and w i l l  r e q u i r e  

an underground i n j e c t i o n  c o n t r o l  permi t .  CAES i n  a hard rock cavern may 

i n v o l v e  compliance w i t h  spec ia l  min ing  s a f e t y  r e g u l a t i o n s  d u r i n g  cons t ruc t i on .  

Disposal  o f  mine waste w i l l  r e q u i r e  compliance w i t h  a p p l i c a b l e  s t a t e  s o l i d  

waste and sur face mine regu la t i ons .  Whether EPA r e g u l a t i o n s  issued under t h e  

S o l i d  Waste Disposal  Ac t  w i l l  be a p p l i c a b l e  i s  uncer ta in .  An aqui fer- based 

CAES system may r e q u i r e  compliance w i t h  spec ia l  s t a t e  o r  l o c a l  i n j e c t i o n  

requirements designed t o  p r o t e c t  po tab le  water.  S i t i n g  may a l s o  be i n f l uenced  

by spec ia l  use a q u i f e r  c l a s s i f i c a t i o n s .  

L i a b i l i t y  r e s u l t i n g  f rom CAES opera t ions  i s  no t  l i k e l y ,  b u t  can poten- 

t i a l l y  a r i s e  i n  severa l  d i f f e r e n t  ways i n c l u d i n g  cavern blowouts, induced s e i s -  

mic a c t i v i t y  o r  subsidence, groundwater contaminat ion, and accidents r e s u l t i n g  

f rom sur face a c t i v i t i e s .  I f  damage t o  t h i r d  p a r t i e s  does occur, t h e  CAES 

opera tor  can p o t e n t i a l l y  be h e l d  s t r i c t l y  l i a b l e  regard less  o f  any f a u l t  o r  

negl igence on t h e  o p e r a t o r ' s  p a r t .  Sound s i t e  se lec t i on ,  engineer ing,  and 

purchase o f  appropr ia te  insurance can he lp  m i t i g a t e  l i a b i l i t y  exposure. 



CAES projects can be located in re la t ive ly  rural  areas and purchase of 

needed property r ights  should therefore not be extraordinarily expensive, espe- 
c i a l l y  in relation to  to ta l  project costs.  Multiple landowners a t  the desired 
s i t e  or unwilling se l l e r s  may present d i f f i cu l t i e s .  In some cases, the power 

of eminent domain may be available. Land requirements for  surface a c t i v i t i e s  

should not exceed several hundred acres and may be as low as 100 acres f o r  CAES 

in a s a l t  deposit cavern. The CAES f a c i l i t y  owner may also want to  consider 

purchase of a l l  land overlying the a i r  storage zone to  minimize the poss ib i l i-  

t i e s  of outside interference and l i a b i l i t y .  In the case of CAES in an aquifer,  

t h i s  may require the purchase of up to  2000 acres or more. Purchase of an 

underground a i r  storage easement underlying land not needed for  surface ac t iv i-  

t i e s  i s  a possible al ternat ive approach. 



ACKNOWLEDGMENTS 

The author wishes t o  thank t h e  f o l l o w i n g  PNL s t a f f  members who made 

va luab le  suggest ions on e a r l i e r  vers ions  o f  t h i s  document: R. D. A l l e n ,  

M. A. Beckwith, T. J. Doherty, and R. W. R e i l l y .  V i c k i  Lee p rov ided  h e l p f u l  

e d i t o r i a l  ass is tance.  



CONTENTS 

SUMMARY . iii 

ACKNOWLEDGMENTS v i  i 

ACRONYMS . . x i i i  

1.0 INTRODUCTION . . 1.1 

2.0 REGULATORY ISSUES COMMON TO MOST CAES FACILITIES . . 2.1 

2.1 FUEL USE ACT EXEMPTION . . 2.1 

2.2 AIR EMISSION REQUIREMENTS . 2.3 

2.2.1 New Source Performance Standards . 
2.2.2 P reven t i on  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  

Rev i ew . 
2.2.3 Nonat ta inment  Review . 

2.3 SURFACE WATER QUALITY CONTROL . 
2.3.1 Sources o f  Water P o l l u t a n t s  . 
2.3.2 NPDES Pe rm i t  . 
2.3.3 O i l  S to rage  . 
2.3.4 Cons t ruc t i on  A c t i v i t i e s  

2.4 WATER ACQUISITION . 
2.4.1 S t a t e  Water Withdrawal R i g h t s  . 
2.4.2 Dredge and F i l l  P e r m i t  . 

2.5 POWER PLANT CERTIFICATION AND SITING . 
2.5.1 C e r t i f i c a t i o n  

2.5.2 S t a t e  S i t i n g  L e g i s l a t i o n  . 
2.5.3 Federa l  L e g i s l a t i o n  . 

2.6 UNDERGROUND INJECTION REQUIREMENTS . 
2.7 WELL DRILLING AND CONSTRUCTION REQUIREMENTS . 



2.8 ENVIRONMENTAL IMPACT STATEMENT REQUIREMENTS . 
2.8.1 NEPA E I S  

2.8.2 SEPA E I S  

2.9 SAFETY AND NOISE REGULATION . 
3.0 REGULATORY ISSUES APPLICABLE TO PARTICULAR 

CAES RESERVOIR MEDIA 

3.1 SALT DEPOSITS . 
3.1.1 Subsurface B r i n e  I n j e c t i o n  . 
3.1.2 Ocean Br ine  Disposal  . 
3.1.3 Land B r i n e  Disposal . 

3.2 HARD ROCK . 
3.2.1 Sa fe ty  Regulat ions 

3.2.3 Compensating Reservoi r  . 
3.3 AQUIFERS . 

3.3.1 Specia l  I n j e c t i o n  Requirements . 
3.3.2 Ho ld ing  Ponds 

3.3.3 Specia l  Aqu i fe r  C l a s s i f i c a t i o n s  . 
4.0 POTENTIAL LIABILITY . 

4.1 POTENTIAL SOURCES OF LIABILITY 

4.1.1 Cavern Blowout 

4.1.2 Induced Seismic A c t i v i t y  . 
4.1.3 Groundwater Cont ami n a t i o n  . 
4.1.4 Subsidence . 
4.1.5 Surface A c t i v i t i e s  

4.2 THEORIESFOR LIABILITY . 



4 .3  M I T I G A T I O N  OF L I A B I L I T Y  . . 4.5  

5.0 A C Q U I S I T I O N  OF PROPERTY FOR CAES IMPLEMENTATION . . 5 . 1  

5 . 1  PROPERTY RIGHTS NEEDED FOR STORAGE AND RECOVERY . . 5.1 

5.2 EXERCISE OF EMINENT DOMAIN 5 . 3  

APPENDIX A - BACKGROUND INFORMATION ON GROUNDWATER LAW . . A . l  

APPENDIX B - BACKGROUND INFORMATION ON OWNERSHIP AND 
USE OF UNDERGROUND SPACE . . B . l  

REFERENCES AND NOTES . . R . l  



CAA 

CAES 

CFR 

CWA 

DOE 

E I S  

EPA 

EPRI 

ERA 

FERC 

FUA 

MWe 

MS HA 

NEPA 

NPDES 

NT I S 

OSHA 

PS D 

P NL 

RCRA 

SDWA 

SEPA 

TES 

~ P Y  
U I C 

USCA 

USGPO 

Clean A i r  Act  

compressed a i r  energy storage 

Code o f  Federal Regul a t i  ons 

Clean Water Act  

U.S. Department o f  Energy 

environmental impact statement 

U.S. Environmental P r o t e c t i o n  Agency 

E l e c t r i c  Power Research I n s t i t u t e  

Economic Regulatory Admin is t ra t i on  

Federal Energy Regulatory Commission 

Powerplant and I n d u s t r i a l  Fuel  Use Act  o f  1978 

megawatt e l e c t r i c  

Mine Safe ty  and Heal th Admin is t ra t i on  

Nat iona l  Environmental P o l i c y  Act  

Nat iona l  P o l l u t i o n  Discharge E l i m i n a t i o n  System 

Nat iona l  Technical  In format ion  Serv ice 

Occupational Safe ty  and Hea l th  Admin is t ra t i on  

prevent ion  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  

P a c i f i c  Northwest Laboratory 

Resource Conservation and Recovery Act  

Safe Dr ink ing  Water Act  

s t a t e  environmental p o l i c y  a c t  

thermal energy storage 

tons per  year 

underground i n j e c t i o n  c o n t r o l  

Uni ted Sta tes  Code Annotated 

Un i ted  Sta tes  Government P r i n t i n g  O f f i c e  

x i i i  



LEGAL AND REGULATORY ISSUES AFFECTING 

COMPRESSED AIR ENERGY STORAGE 

1.0 INTRODUCTION 

The o b j e c t i v e  o f  t h i s  s tudy i s  t o  examine s i g n i f i c a n t  l e g a l  r e l a t e d  issues 

t h a t  can p o t e n t i a l l y  a f f e c t  implementat ion o f  the  compressed a i r  energy storage 

(CAES) concept i n  t h e  U.S. The focus i s  on f e d e r a l  r e g u l a t o r y  issues and on 

issues a f f e c t i n g  l i a b i l i t y  and p r o p e r t y  r i g h t s .  Lesser a t t e n t i o n  i s  g iven t o  

s t a t e  and l o c a l  r e g u l a t o r y  issues. The study examines se lec ted  issues be l i eved  

t o  be important  t o  implementat ion o f  t he  concept. The issues examined are ce r-  

t a i n l y  no t  exhaust ive, however. S i t e  s p e c i f i c  issues, e s p e c i a l l y  l o c a l  regu la-  

t i o n s ,  c l e a r l y  must be examined i n  depth p r i o r  t o  any implementat ion e f f o r t .  

CAES i s  a  r e l a t i v e l y  new concept f o r  e l e c t r i c a l  energy storage by e l e c t r i c  

u t i l i t i e s .  E l e c t r i c a l  energy i s  s to red  by compressing l a r g e  q u a n t i t i e s  o f  a i r  

and s t o r i n g  i t  i n  an underground storage r e s e r v o i r .  Compression i s  accom- 

p l i s h e d  w i t h  of f- peak base- load power t h a t  normal ly  w i l l  be generated by coa l  

and/or nuclear  power p lan ts .  The s tored a i r  i s  l a t e r  re leased i n  a  c o n t r o l l e d  

manner through a  convent ional  tu rb ine- genera tor  t o  generate e l e c t r i c i t y  du r ing  

per iods  o f  peak demand. Compression and re lease cyc les  may occur once a  day o r  

even more o f t e n  depending on load demand. A general schematic o f  a  CAES c y c l e  

i s  shown i n  F igu re  1. 

The pr imary  o b j e c t i v e  o f  CAES i s  t o  u t i l i z e  r e l a t i v e l y  inexpensive base- 

load power more e f f e c t i v e l y  t o  reduce o v e r a l l  genera t ion  cos t  and the  need f o r  

peaking power genera t ing  u n i t s  f i r e d  by expensive o i l  and n a t u r a l  gas. Secon- 

dary o b j e c t i v e s  are t o  p rov ide  an emergency standby power supply i n  case o f  

f a i l u r e  a t  a  power s t a t i o n  o r  i n  the  e l e c t r i c i t y  t ransmiss ion g r i d  and t o  

a s s i s t  s t a b i l i z a t i o n  o f  t h e  frequency o f  t h e  a l t e r n a t i n g  cu r ren t .  

A  convent ional  CAES c y c l e  w i l l  i n v o l v e  staged c o o l i n g  o f  t he  compressed 

a i r  be fore  storage and rehea t i ng  t h e  a i r  be fore  i t  passes through t h e  t u r -  

bines. Cool ing reduces the  energy requ i red  f o r  compression, t he  volume o f  t h e  

storage cav i t y ,  and t h e  p o s s i b i l i t y  o f  damage t o  t h e  storage fo rmat ion .  The 





a i r  i s  reheated a f t e r  l eav ing  the  storage r e s e r v o i r  i n  a  combustion u n i t  t h a t  

w i l l  probably be f i r e d  by a  l i q u i d  petro leum product  o r  n a t u r a l  gas. An o p t i o n  

t h a t  does no t  r e q u i r e  new technology and w i l l  most l i k e l y  be implemented i n  

most CAES a p p l i c a t i o n s  i s  t o  use a  recupera tor  t o  capture t h e  waste exhaust 

heat from opera t ion  o f  t he  t u r b i n e  t o  preheat the  a i r  coming f rom storage. If 

t h e  compressed a i r  i s  s to red  a t  a  s u f f i c i e n t l y  low pressure, i t  can p o t e n t i a l l y  

be used w i thou t  reheat ing  by us ing  low-pressure tu rb ines ;  however, t h i s  approach 

r e s u l t s  i n  r e l a t i v e l y  low system e f f i c i e n c y  and h igh  storage cos t .  Reheating 

the  a i r  i n  a  combustion u n i t  and subsequent expansion through the  t u r b i n e  

increases power ou tput  and e f f i c i e n c y .  

Conventional CAES systems us ing  a  combustion u n i t  can be expected t o  save 

up t o  two- th i rds  o f  t he  o i l  or gas t h a t  would otherwise be needed t o  produce 

the  same amount o f  peaking power w i t h  a  convent ional  gas tu rb ine .  ('1 s ince  

t h e  i n p u t  a i r  t o  a  CAES t u r b i n e  i s  a l ready  compressed, t h e  energy content  o f  

t h e  rehea t i ng  f u e l  i s  l a r g e l y  devoted t o  per fo rming use fu l  work, namely e lec-  

t r i c i t y  generat ion. I n  cont ras t ,  a  convent ional  combustion t u r b i n e  peaking 

u n i t  must d r i v e  i t s  own compressor stage, absorbing approximate ly  two- th i rds  o f  

t h e  a v a i l a b l e  f u e l  energy i n t e r n a l l y .  By us ing  base load e l e c t r i c i t y  t o  com- 

press and s t o r e  a i r ,  the  amount o f  f u e l  consumed t o  generate peak load e lec-  

t r i c a l  power can be s u b s t a n t i a l l y  reduced. 

A1 t e r n a t i v e  CAES technologies t h a t  would reduce and perhaps even e l  im ina te  

t h e  need f o r  o i l  and gas combustion are being studied.  A l t e r n a t e  heat sources 

such as the  combustion o f  coa l  i n  f l u i d i z e d  bed combustion(*) o r  coa l  g a s i f i -  

c a t i o n  u n i t s  are p o s s i b l e  bu t  unproven candidates f o r  reheat ing  the  s to red a i r .  

Problems inc lude  system i n e f f i c i e n c i e s  caused by f requent  s ta r t - up  and shut 

down and the  need f o r  f u r t h e r  t e c h n i c a l  development. CAES coupled t o  thermal 

energy storage (TES) has cons iderab le  p o t e n t i a l  f o r  reduc ing  o i l  and gas con- 

sumption. I n  a  CAES/TES system t h e  heat generated du r ing  compression i s  s to red  

i n  a  pebble bed f o r  l a t e r  use i n  rehea t i ng  the  a i r  a f t e r  re lease f rom storage. 

Th i s  concept appears t o  be economical ly a t t r a c t i v e  i n  comparison t o  a  conven- 

t i o n a l  CAES system i n  many cases. ( 3 )  The more advanced CAES/TES systems are 

termed ad iaba t i c  i f  e s s e n t i a l l y  no f o s s i l  f u e l s  are requ i red  f o r  reheat ing  t h e  

a i r  and h y b r i d  i f  the  need f o r  f u e l  i s  reduced, b u t  n o t  e l im ina ted.  A h y b r i d  



system can p o t e n t i a l l y  be f u r t h e r  enhanced by us ing  s to red s o l a r  energy t o  

preheat  t h e  a i r  coming f rom storage. 

Poss ib le  underground storage media f o r  compressed a i r  i nc lude  caverns i n  

s a l t  depos i ts  and hard rock format ions,  and n a t u r a l  water- bear ing fo rmat ions  

( i . e .  a q u i f e r s ) .  General ly ,  s torage w i l l  be a t  depths o f  1500-3000 f e e t .  A 

s a l t  cavern would most l i k e l y  be s o l u t i o n  mined and would have a  long, v e r t i c a l  

c y l i n d r i c a l  shape. A more compressed cavern i n  a  r e l a t i v e l y  t h i n  s a l t  depos i t  

i s  a l so  poss ib le .  Compressed a i r  s torage i n  hard rock would most l i k e l y  be i n  

a  s p e c i a l l y  mined cavern, a l though p r e v i o u s l y  mined and n a t u r a l  caverns are 

remote p o s s i b i l i t i e s .  A dome-shaped o r  c losed a n t i c l i n a l  a q u i f e r  c o n f i g u r a t i o n  

i s  r e q u i r e d  f o r  CAES i n  an a q u i f e r  t o  p revent  m i g r a t i o n  o f  t h e  compressed a i r  

away f rom t h e  storage s i t e .  Groundwater a t  a  s u f f i c i e n t l y  h i g h  d iscovery  pres-  

sure t o  r e t a i n  the  s to red a i r  i s  needed beneath the  a i r  bubble. Aqu i fe r  s t o r -  

age i s  s i m i l a r  t o  t h e  w ide l y  used n a t u r a l  gas storage technology. 

The a i r  s to red  i n  a  hard rock  cavern can be mainta ined a t  cons tant  volume 

o r  cons tant  pressure. Constant p ressure  i s  achieved through t h e  use o f  a  su r-  

face compensating water r e s e r v o i r .  The water l e v e l  i n  t h e  r e s e r v o i r  i s  a l lowed 

t o  f l u c t u a t e  s l i g h t l y  t o  ma in ta in  a  cons tant  v e r t i c a l  head o f  water, and the re-  

f o r e  constant  h y d r o s t a t i c  pressure, i n  t he  a i r  s torage c a v i t y .  This-mode o f  

ope ra t i on  has severa l  advantages. F i r s t ,  t h e  t o t a l  design volume and hence t h e  

c o s t  o f  the  c a v i t y  i s  s i g n i f i c a n t l y  reduced. Second, l a r g e  pressure changes 

p o t e n t i a l l y  damaging t o  t h e  host  rock are minimized. F i n a l l y ,  t u r b i n e  e f f i -  

c iency  i s  increased by a i r  i n f l o w  a t  constant  pressure. The compensating r e s-  

e r v o i r  i s  l ess  s u i t a b l e  f o r  a  cavern i n  a  s a l t  depos i t  p r i m a r i l y  because t h e  

sur face r e s e r v o i r  would necessa r i l y  have t o  be sa tura ted  w i t h  d i sso l ved  s a l t s .  

Th i s  c o n d i t i o n  presents p o t e n t i a l l y  1  arge environmental problems r e 1  ated t o  

d i sposa l  and clean-up o f  p o t e n t i a l  s p i l l s .  No commercial s a l t  depos i t  CAES 

p r o j e c t s  w i t h  a  compensating r e s e r v o i r  are known t o  be planned. A compensating 

r e s e r v o i r  i s  n o t  needed f o r  a i r  s torage i n  an a q u i f e r  because adequate b u f f e r  

s torage can be prov ided t o  min imize pressure t rave rse  du r ing  ope ra t i on  and 

because p r o v i d i n g  adequate storage volume i s  no t  a  s i g n i f i c a n t  p o r t i o n  o f  sys- 

tem c a p i t a l  cost .  

The f i r s t  and c u r r e n t l y  t he  o n l y  comnercial  CAES f a c i l i t y  went i n t o  opera- 

t i o n  i n  December 1978 a t  Huntor f ,  West Germany. The f a c i l i t y  i s  a  290 MWe u n i t  



and uses two 150,000 cub ic  meter so lut ion-mined s a l t  caverns f o r  a i r  s t o r -  

age. ( 4 )  A  smal l- scale CAES f i e l d  t e s t  i n  an a q u i f e r  i s  c u r r e n t l y  being con- 

s t ruc ted  by the  P a c i f i c  Northwest Laboratory (PNL) f o r  t h e  U.S. Department o f  

Energy (DOE) near P i t t s f i e l d ,  I l l i n o i s ,  and several  commercial CAES i n s t a l l a -  

t i o n s  are i n  t he  p lann ing  stages. The Soyland Power Cooperative, Inc., o f  

Decatur, I l l i n o i s ,  i s  p lann ing  t o  cons t ruc t  a  220 MWe CAES f a c i l i t y  us ing  a  

mined hard rock cavern and a  sur face compensating r e s e r v o i r .  DOE, t h e  E l e c t r i c  

Power Research I n s t i t u t e  (EPRI) , and th ree  investor-owned u t i  1  i t i e s  are cospon- 

so r ing  i n v e s t i g a t i o n s  i n t o  s i t e  s p e c i f i c  a p p l i c a t i o n s  o f  CAES i n  the  U.S. ( 4 )  

A  study o f  an aquifer-based CAES system i s  being l e d  by P u b l i c  Serv ice  Indiana. 

An i n v e s t i g a t i o n  o f  a  CAES f a c i l i t y  w i t h  a  solut ioned-mined cavern i n  a  s a l t  

depos i t  as t h e  storage medium was l e d  by Middle South Services, Inc .  A  study 

o f  CAES i n  a  mined hard- rock cavern w i t h  a  compensating r e s e r v o i r  was l ed  by 

Potomac E l e c t r i c  Power Co. F i n a l l y ,  t h e  SEO u t i l i t y  group i n  Belgium i s  p lan-  

n i n g  a  CAES i n  hard- rock system. 

The p r i n c i p a l  a l t e r n a t i v e  t o  CAES w i t h  present  technology i s  a  pumped 

hydro storage i n s t a l l a t i o n .  Th is  technology i nvo l ves  pumping water i n t o  a  res-  

e r v o i r  a t  a  h igher  e l e v a t i o n  us ing  o f f  peak power. The water i s  l a t e r  re leased 

t o  f a l l  through t h e  same pumps, now a c t i n g  as tu rb ines ,  t o  generate e l e c t r i c i t y  

du r ing  per iods  o f  peak demand. The t u r b i n e s  can e i t h e r  be a t  ground l e v e l  w i t h  

t h e  water storage r e s e r v o i r  a t  a  h igher  e leva t i on ,  or  t h e  t u r b i n e s  can be under- 

ground w i t h  the  storage r e s e r v o i r  a t  ground l e v e l .  The l a t t e r  approach i s  a  

r e l a t i v e l y  new concept, which i s  termed underground-pumped hydro. The approach 

has a  r e l a t i v e l y  h igh  c a p i t a l  cost ,  b u t  has the  advantages o f  being ab le  t o  

u t i l i z e  a  very  h igh  v e r t i c a l  head o f  water and p r o v i d i n g  s i t i n g  f l e x i b i l i t y .  

Aboveground-pumped hydro f a c i l i t i e s  have been used i n  the  U.S. f o r  f i f t y  years, 

and about 35 such systems are e i t h e r  ope ra t i ng  o r  are under cons t ruc t i on  w i t h  a  

t o t a l  capac i t y  o f  25 g igawat ts .  ( 5 )  

The remainder o f  t h i s  document i s  organized i n t o  f o u r  sec t ions .  Sec- 

t i o n  2.0 examines r e g u l a t o r y  issues common t o  most CAES systems i n  the  U.S w i t h  

any o f  the  th ree  poss ib le  s torage mediums. Sect ion  3.0 examines r e g u l a t o r y  

issues app l i cab le  t o  p a r t i c u l a r  CAES mediums. Sect ion  4.0 discusses p o s s i b l e  

areas o f  l i a b i l i t y  associated w i t h  a  CAES operat ion.  Sect ion 5.0 discusses 



a c q u i s i t i o n  o f  p r o p e r t y  r i g h t s  t o  implement a CAES system. Background in forma-  

t i o n  on groundwater r i g h t s  and ownership o f  subsurface space i s  i nc luded  i n  t h e  

appendices. 



2.0 REGULATORY ISSUES COMMON TO MOST CAES FACILITIES 

The purpose of this section is to discuss regulatory considerations that 
are potentially applicable to the implementation of a CAES system in any stor- 

\ 

age medium. The focus is on federal regulatory considerations with secondary 
attention given to state and local requirements. The principal regulatory 
areas of concern are likely to be requirements under the Powerplant and Indus- 

trial Fuel Use Act (FUA) related to the combustion of oil or gas, air emission 

requirements, underground injection requirements, power plant siting legisla- 
tion, and environmental impact statement (EIS) requirements. 

2 .I FUEL USE ACT  EXEMPTION(^) 
Under section 201 of FUA,(~) no new electric power plant may use natural 

gas or petroleum as a primary energy source unless exempted. For a conven- 
tional CAES facility, this restriction presents a potential problem because 
natural gas or petroleum will ordinarily be the fuel choice to reheat the 

stored compressed air prior to introduction into the turbine. The problem may 
not be burdensome because the Soyland Power Cooperative, Inc. has recently 
received a permanent fuel mixture exemption (see below) from the Act. ( 7 )  

This exemption will most likely provide a precedent for future CAES applica- 
tions requiring an exemption from the Act. 

The term "primary energy source" is defined in section 103(b)(15) of the 

FUA simply as the fuel or fuels used by any new electric power plant. The pri- 
mary fuel to produce the peaking power from a CAES facility in terms of percent- 
age of Btu's supplied is the energy source at the base-load power plant that 
supplies the electricity to operate the compressor at the CAES facility. This 
base-load plant will generally be either coal or nuclear. However, according 
to the definition in the FUA, it is entirely possible that the natural gas or 
petroleum used at the CAES installation will be interpreted to be the primary 
fuel because it is the fuel used at the plant actually producing the peak load 

power. Fortunately, certain exemptions to the section 201 prohibition are 

provided for in sections 211-214 of the FUA. Final regulations relating to the 

(a) DOE published a notice of proposed rule making on June 12, 1981, 46 Federal 
Register 31216, that will significantly simplify exemption procedures under 
FUA if the proposed changes are made final. 



exemptions were issued by the Economic Regulatory Administration (ERA) within 
DOE in dune 1980 and became effective August 5, 1980. (8 

Section 212 of the FUA provides for several categories of permanent exemp- 
tions from the section 201 prohibition. The exemptions that are most likely to 
be most suitable for a CAES facility are the exemption in section 212(d) for 
certain fuel mixtures that include gas or petroleum and the exemption in Sec- 
tion 212(g) for peak-load power plants. 

The fuel mixture exemption is potentally available when an alternate fuel 

is used with natural gas or petroleum to produce electricity. In most cases 

the electricity used to compress the air will have been generated at a coal or 
nuclear power plant. If one of these base-load fuels is considered as part of 

the fuel mixture used to produce power at the CAES faci 1 i ty and this fact can 
be demonstrated, the fuel mixture exemption is potentially available. (9) 
Although in most cases the electricity will simply come from the grid, it 
should be possible to make the required demonstration on a system-wide basis. 
Additionally, the Btu heat input from the natural gas or petroleum at the CAES 
facility cannot exceed the minimum Btu heat input supplied by the base-load 

power plant. Compliance with this requirement should not be difficult for 

a typical CAES installation, which typically will have a 2:l-3:l ratio of 

energy supplied at the base load plant to energy supplied at the CAES facility. 

Several informational requirements must be submitted to EPA in support of 
a fuel mixture exemption. (lo) The requirements are extensive and must be 
studied with care. They include a complete description and engineering assess- 
ment of the fuel mixture, design specifications, a demonstration that no reason- 
able alternative source of electric power exists, a description of conservation 

measures designed to minimize oil or gas use, and an environmental impact analy- 

sis of the proposed and reasonable alternative sites. A demonstration that 

alternate fuels cannot be used is also required. (I1) These requirements, fur- 

ther described at 10 CFR 503, should be analyzed in detail prior to submitting 

an application to ERA for an exemption. 

The other most probable exemption category is for peak-load power plants. 
To qualify for this exemption a petitioner must certify to ERA that the power 
plant will be operated solely as a peak-load plant for the life of the facil- 

ity.''') If natural gas is to be used as the fuel source, the cognizant air 



pollution control agency must determine that the use of any alternate fuel 
would contribute to a condition in which a national air quality standard would 

be exceeded. (I3) As with the fuel mixture exemption, several informational 
studies must be conducted to qualify for the peak-load power exemption. The 

required studies are similar to, but not identical to those required for the 
fuel mixture exemption. Several requirements are included: 

a demonstration that alternate fuels cannot be used at the proposed 

site and at reasonable alternative sites (10 CFR 503.11, 503.16) 

documentation of conservation measures (10 CFR 503.13) 

information on oil and gas consumption (10 CFR 503.14) 

a an environmental impact analysis (10 CFR 503.15). 

If the fuel mixture exemption or the peak-load power exemption fail to 

apply to a proposed CAES system, several other permanent exemption categories 
are possible. (I4) Possi bi 1 i ties include an exemption for emergency purposes, 
maintenance of service reliability, inability to comply with applicable environ- 

mental requirements, and 1 ack of a1 ternate fuel supply. A temporary exemption 

can also be obtained if a1 ternate fuels are more costly, site 1 imitations 

exist, or environmental requirements cannot be met. (I5) The procedural 
requirements for filing an exemption petition with ERA are at 10 CFR 501 Sub- 

part F and must be studied in detail before an actual petition is filed. 

2.2 AIR EMISSION REQUIREMENTS 

The source of air pollutants in a CAES facility is the natural gas or oil 
used to reheat the compressed air before it enters the turbine. If no gas or 
oil are used in an adiabatic system, a system that utilizes solar energy for 
reheating, or a low-pressure CAES system, little or no air pollution should 
occur and emission regulations are not relevant. When gas or oil are used, 
compliance with air quality and air emission requirements is potentially a 

complex process. 

At a minimum, the EPA new source performance standard for stationary gas 

turbines and any applicable state requirements issued pursuant to a state imple- 

mentation plan will have to be met. Also, most likely a permit under the EPA 

prevention of significant deterioration (PSD) regulations will be required or 



spec ia l  requirements w i l l  be imposed if a proposed CAES f a c i l i t y  i s  t o  be 

located i n  an area where any ambient a i r  q u a l i t y  standard i s  being v io la ted .  

The bas is  f o r  a i r  p o l l u t i o n  r e  u l a t i o n  i s  the  Clean A i r  Act  o f  1970 (CAA) 

as amended. Sect ion 109 o f  the  CAA '16) d i r e c t s  EPA t o  promulgate pr imary  

na t iona l  ambient a i r  q u a l i t y  standards f o r  i n d i v i d u a l  a i r  p o l l u t a n t s  t h a t  spec- 

i f y  l e v e l s  o f  p o l l u t i o n  t h a t  cannot be exceeded w i thou t  th rea ten ing  human 

hea l th .  Secondary standards are designed t o  prevent  adverse e f f e c t s  on p u b l i c  

we l fa re  (e.g., vegeta t ion  and scenic values) .  To date EPA has promulgated p r i -  

mary na t iona l  ambient a i r  q u a l i t y  standards f o r  s u l f u r  d iox ide ,  p a r t i c u l a t e s ,  

carbon moxoxide, n i t rogen  oxide, lead, hydrocarbons and ozone, ( I 7 )  f r e q u e n t l y  

r e f e r r e d  t o  as c r i t e r i a  p o l l u t a n t s .  The standards f o r  ozone and hydrocarbons 

are enforced i n  con junc t ion  w i t h  each o ther  because hydrocarbons are considered 

t o  have an adverse e f f e c t  o n l y  as they  c o n t r i b u t e  t o  t h e  fo rmat ion  o f  

ozone. ( I 8 )  Secondary standards have been designated f o r  s u l f u r  d iox ide  and 

p a r t i c u l a t e s .  Sect ion  110 o f  t h e  CAA d i r e c t s  s ta tes  t o  develop and adopt s t a t e  

implementation p lans  t h a t  se t  f o r t h  a l l  necessary c o n t r o l  e f f o r t s  t o  achieve 

compliance w i t h  t h e  n a t i o n a l  ambient a i r  q u a l i t y  standards. The s t a t e  imple-  

mentat ion p lans e s t a b l i s h  s p e c i f i c  emission l i m i t s  f o r  var ious  ca tegor ies  o f  

a i r  p o l l u t i o n  sources, o r  i n  some cases, l i m i t s  f o r  i n d i v i d u a l  sources, o r  

emission l i m i t s  by geographic area. To f a c i l i t a t e  compliance w i t h  t h e  n a t i o n a l  

standards, EPA and t h e  s ta tes  have d i v i d e d  t h e  count ry  i n t o  247 a i r  q u a l i t y  

c o n t r o l  reg ions  according t o  the  d i r e c t i o n  provided i n  sec t i on  107 o f  t he  CAA. 

2.2.1 New Source Performance Standards 

Over ly ing  the  s t a t e  implementation p lans are the  new source performance 

standards t h a t  s e c t i o n  111 o f  t h e  CAA d i r e c t s  EPA t o  promulgate. These stan-  

dards apply t o  s p e c i f i e d  ca tegor ies  o f  new o r  modi f ied  s t a t i o n a r y  a i r  p o l l u t i o n  

sources. New source performance standards have been issued f o r  about 30 source 

categor ies,  i n c l u d i n g  s t a t i o n a r y  gas t u r b i n e s  .(19) EPA denied a p e t i t i o n  t o  

r e v i s e  the  gas t u r b i n e  standard on December 11, 1980. The s t a t i o n a r y  gas 

t u r b i n e  standard app l i es  t o  u n i t s  w i t h  a heat i n p u t  a t  peak load equal t o  o r  

g reater  than 10.7 g iga jou les  per hour, which corresponds t o  a peak power output  

o f  about 2.5 MWe. E s s e n t i a l l y  a l l  convent ional  CAES f a c i l i t i e s  w i l l  exceed 

t h i s  l e v e l  and t h e r e f o r e  be sub jec t  t o  the  standard. Implementation and 

enforcement o f  t h e  standards has genera l l y  been delegated t o  t h e  states.  Under 



its implementation plan, a state has the option of applying the new source per- 
f ormance standard as promulgated by EPA or adopting a more restrictive standard. 
In virtually all cases then, a CAES operator will require a permit from the 

cognizant state or local air pollution authority authorizing operation of the 

turbine in conformity with the EPA new source performance standard for gas tur- 
bines or a more restrictive state standard if one exists. 

Prevention of Significant Deterioration Review 

In addition to the new source performance standard, a CAES facility will 

also most likely have to comply with EPA regulations for prevention of signifi- 

cant deterioration and/or regulations for operati on in nonattainment areas 

(i.e., areas where an ambient air quality standard is being violated). These 

regulations are complex and compli ance can be a time-consuming and costly pro- 

cess. Their potential application can only be summarized here. 

New EPA PSD regulations were issued August 7, 1980. (21) Generally, any 

major new or modified stationary source is subject to the PSD regulations if 

the area is in compliance (attainment) or is unclassifiable with respect to at 

least one of the national ambient air quality standards. If applicable, the 
PSD regulations will require application of the "best available control tech- 

nology" and preparation of pollutant-specific impact analyses. 

A key element of the PSD requirements is the definition of a major air pol- 
lution source. According to the regulations, (221 a major source is a source 

that emits or has the potential to emit, after application of appropriate pol- 

l uti on control technology, 250 tons per year (tpy) or more of any pol l utant 
subject to the CAA. ( 2 3 )  These pollutants include the criteria pollutants 
plus the following noncriteria pollutants: asbestos, beryllium, mercury, vinyl 
chloride, florides, sulfuric acid mist, total reduced sulfur compounds, and 
hydrogen sulfide. It is entirely possible that a large CAES installation will 

emit or have the potential to emit 250 tpy or more of a criteria pollutant. An 

illustration is provided by the CAES installation being investigated by Potomac 

Electric Power Co. The conceptual plant will have four turbines, a capacity of 

1000 MWe, and will use number 2 fuel oil for reheating the compressed air. 
Below are the estimated total emissions (24) for the four turbines in tpy, 
assuming 10 hours per day (25) and 365 days/year operation: 



s u l f u r  d i o x i d e  32 9  

p a r t i c u l a t e s  7 7 

carbon monoxide 219 

hydrocarbons 77 

n i t r o g e n  ox ides 612 

Under these cond i t i ons ,  PSD rev iew would most l i k e l y  app ly  t o  s u l f u r  d i o x i d e  

and n i t r o g e n  ox ide emissions. 

The s ta tes  are requ i red  t o  update and r e v i s e  t h e i r  implementat ion p lans t o  

comply w i t h  t h e  PSD regu la t i ons .  If EPA approves t h e  proposed p lan,  t h e  s t a t e  

can implement i t s  own PSD program; otherwise,  EPA w i l l  implement t h e  program. 

I f  a  CAES f a c i l i t y  i s  determined t o  be sub jec t  t o  PSD review, severa l  

important  requirements apply. F i r s t ,  t he  f a c i l i t y  must have t h e  "best  a v a i l -  

ab le  c o n t r o l  technology" i n s t a l l e d  t o  c o n t r o l  t he  emission o f  each p o l l u t a n t  

w i t h  the  p o t e n t i a l  t o  emi t  250 t p y  o r  more. What c o n s t i t u t e s  t h i s  technology 

i s  g e n e r a l l y  negot ia ted  w i t h  the  cognizant  r e g u l a t o r y  au tho r i t y . (26 )  A t  a  

minimum, t h e  new source performance standard must be met. 

A  second requirement o f  PSD rev iew i s  t h a t  t he  impact on ambient a i r  qua l-  

i t y  o f  each c r i t e r i a  p o l l u t a n t  em i t t ed  t h a t  i s  sub jec t  t o  PSD rev iew must be 

analyzed. (27 )  Th is  requirement may i n v o l v e  mon i to r i ng  the  a i r  q u a l i t y  o f  

c r i t e r i a  p o l l u t a n t s  f o r  up t o  a  year  preceeding t h e  PSD pe rm i t  a p p l i c a t i o n  i f  

such data  are n o t  o therw ise  ava i l ab le .  Modeling o f  a i r  q u a l i t y  impacts on non- 

c r i t e r i a  p o l l u t a n t s  sub jec t  t o  t h e  CAA w i l l  a l so  be requ i red .  (28)  Add i t i on -  

a l l y ,  t h e  a i r  p o l l u t i o n  source a p p l i c a n t  w i l l  have t o  demonstrate how much o f  

t he  a v a i l a b l e  PSD increment t he  f a c i l i t y  w i l l  consume. The PSD increment i s  

t h e  amount o f  a d d i t i o n a l  p o l l u t i o n  t h a t  may be al lowed i n  a  p a r t i c u l a r  area. 

The amount o f  a v a i l a b l e  increment i s  determined by base l ine  a i r  q u a l i t y ,  t he  

n a t i o n a l  ambient standards and t h e  c l a s s i f i c a t i o n  o f  t h e  area. Geographic 

areas are c l a s s i f i e d  i n  decreasing order  o f  des i red  a i r  q u a l i t y  as I, 11, o r  

111. Areas are g e n e r a l l y  c l a s s i f i e d  by t h e  states,  except t h a t  c e r t a i n  areas 

such as parks are permanently designated i n  sec t i on  162(a) o f  t he  CAA as Class 

I. A v a i l a b l e  increments f o r  s u l f u r  d i o x i d e  and f o r  p a r t i c u l a t e s  are designated 



in section 163 of the CAA. Available increments for other criteria ~ollutants 

are under invest i gat i on by EPA. (29) 

A third requirement of PSD.review is that the applicant must conduct an 

air quality analysis for all pollutants that are regulated under the CAA and 

which the proposed CAES facility has the potential to emit in "significant" 

amounts. (30) Note that this requirement applies to all pollutants regulated 
under the CAA, not simply to criteria pollutants with the potential to emit 250 
tpy or more. Significant amounts are defined(31) to be rates of emission (in 
tpy) that equal or exceed the following: 

carbon monoxide 100 

nitrogen oxides 40 

sulfur dioxide 40 

part i cu 1 ates 2 5 

ozone 40 

1 ead 0.6 

asbestos 0.007 
beryl lium 0.0004 

mercury 0.1 

vinyl chlorides 1 
fluorides 3 

sulfuric acid mist 7 

hydrogen sulfide 10 

total reduced sulfur 10 

reduced sulfur compounds 10 

The air quality analysis requires monitoring of criteria pollutants, (32) and 

modeling for noncriteria pollutants. (33) 

A fourth requirement of PSD review is analysis of the impairment to vis- 

ability, soils, and vegetation that would occur as a result of the facility and 

associated commercial and resi denti a1 growth in the surrounding area. (34) 

Finally, the PSD permit application calls for a variety of information relating 

to the proposed facility including its location, operating specifications, con- 
struction schedule, emissions, and emission controls. (35 



One way to avoid PSD review is to keep all criteria pollutant emissions 

below the 250 tpy cut-off. A second possibility is to limit the breadth of PSD 

review by limiting the number of criteria pollutants that have the potential to 

exceed 250 tpy. The potential CAES operator may want to give serious attention 
to both of these possibilities. 

Nonattainment Review 

If a proposed CAES facility is to be located in a geographic area where 
the existing concentration of a criteria pollutant exceeds the national ambient 

air quality standard (i .e., the area is nonattainment with respect to the pol- 

lutant), the nonattainment permit and review procedures must be followed. (36) 

These procedures apply only to sources with the potential to emit 100 tpy of a 

criteria pollutant in geographic areas where the same pollutant exceeds ambient 
standards. (37) It is important to note that analysis must be done on each 
individual pollutant. One pollutant from a particular CAES facility could 

potentially be subject to the nonattainment review procedures. A second pol- 
lutant could be subject to both PSD and nonattainment review. A third pollu- 

tant from the same facility could be subject to the PSD review process only if 

the ambient concentration of this pollutant is within the applicable air qual- 

i ty standard. 

If nonattainment review applies to a particular criteria pollutant, sev- 
eral important requirements must be met. First, the applicable state implemen- 
tation plan must be in the process of being carried out. In areas that are 
nonattainment, this means a plan for reaching attainment status must be in 
effect. If the state plan to reach attainment is inadequate or is not being 
carried out, a construction moratorium on all new air pollution sources may be 
in effect. Second, the lowest achievable emission rate must be achieved for 

the nonattainment pollutant. This level of emission cannot be higher than the 

new source performance standard and will be subject to negotiation with the 

appropriate regulatory agency. Third, the applicant must demonstrate that all 

other air pollution sources owned by it within the state are in compliance with 
air pollution regulations or are on a compliance schedule. A final requirement 

is that the applicant must comply with the emissions offset rule. If an area 

is nonattainment for any criteria pollutant, a state can accomnodate new 



sources by r e q u i r i n g  reduct ions  i n  emissions f o r  t he  nonattainment p o l l u t a n t  

f rom e x i s t i n g  sources s u f f i c i e n t  t o  c rea te  a margin o f  a i r  q u a l i t y  w i t h i n  ambi- 

en t  standards t o  permi t  new sources. O r  the  s t a t e  can r e q u i r e  a new app l i can t  

t o  achieve s u f f i c i e n t  o f f s e t s  ( i  .e., reduc t ions  i n  emissions f rom o ther  sources) 

t o  more than make up f o r  t he  emissions t o  be generated by the  new source. 

The nonattainment pe rm i t  and rev iew requirements can p o t e n t i a l l y  be as 

burdensome as the PSD requirements. The p o t e n t i a l  CAES operator  may want t o  

s e r i o u s l y  i n v e s t i g a t e  whether t he  emission o f  c r i t e r i a  p o l l u t a n t s  t h a t  a re  

nonattainment f o r  the  s p e c i f i c  geographic area can be kep t  below 100 t p y  t o  

avoid t h i s  review. 

2.3 SURFACE WATER QUALITY CONTROL 

The discharge o f  water p o l l u t a n t s  i n t o  v i r t u a l l y  any sur face water body 

w i l l  most l i k e l y  r e q u i r e  a Na t iona l  P o l l u t i o n  Discharge E l i m i n a t i o n  Permi t  

(NPDES) . Permi ts  requ i red  under sec t i on  401 o f  t he  Clean Water Ac t  (CWA) (38) 

can be obta ined f rom e i t h e r  t h e  Regional EPA Admin i s t ra to r  o r  t h e  s t a t e  water 

q u a l i t y  agency, whichever operates the  program. A t  l e a s t  33 s t a t e s  have now 

rece ived EPA a u t h o r i t y  t o  operate the  NPDES system w i t h i n  t h e i r  border.  (39) 

Discharges w i thou t  a permi t  are i l l e g a l .  (40)  The o n l y  except ion t o  t h i s  

requirement would occur i f  d ischarge i s  through a sewer t o  a t reatment  works 

w i t h  i t s  own NPDES permi t .  To do t h i s  t he  CAES operator  must meet t he  EPA 

pretreatment  regu la t i ons  a t  40 CFR 403, comply w i t h  s t a t e  and l o c a l  law, and 

meet the  discharge r u l e s  o f  the  t reatment  works operator .  

2.3.1 Sources O f  Water P o l l u t a n t s  

Sources o f  water p o l l u t a n t s  i nc lude  blowdown discharge f rom a compensating 

rese rvo i r ,  thermal and chemical p o l l u t a n t s  i n  c o o l i n g  tower blowdown, s a n i t a r y  

wastes, storm water drainage, o i l y  wastes f rom f u e l  and o i l  d ra ins  where the  

turbomachi nery  i s  housed, f u e l  storage and t r a n s f e r  f a c i  1 i t i e s  f l o o r  se rv i ce  

drainage, and water separated f rom the  a i r  be fore  and/or a f t e r  compres- 

sion. (41) The o i l y  wastes w i l l  most l i k e l y  be separated i n t o  o i l  and water 

wastes. The o i l  wastes and p o s s i b l y  t h e  res idue f rom t h e  f u e l  o i l  tank can be 

c o l l e c t e d  and t r a n s f e r r e d  t o  an o i l  r e r e f i n e r .  S a n i t a r y  wastes w i l l  l i k e l y  be 

discharged t o  a s e p t i c  system o r  t o  a sewer i f one i s  ava i l ab le .  



Most CAES systems will have to reject some heat to the atmosphere and in 

blowdown even if thermal energy storage is attempted. Heat is specifically 

included within the definition of pollutants in the CWA. (42) The greatest 
amount of heat will be generated during the compression cycle. Excess heat 

from the air coolers and heat generated by mechanical and electrical losses 

must be dissipated. During power production, reject heat from the turbine 

exhaust and again from electrical and mechanical losses must also be dissi- 

pated. Ordinarily, a wet cooling tower will be the selected means for heat 

dissipation. A wet/dry or a dry system, although more expensive, are alternate 

possibilities in water-short areas. The 220 MWe CAES system under investiga- 

tion by Middle South Services uses both wet and dry cooling. Cooling water 
flows will be as high as 35,000 gallons per minute during the compression cycle 

and 10,000 gallons per minute during power generation. (43) 

2.3.2 NPDES Permit 

Any discharge of pollutants to navigable waters will require an NPDES 

permit. Navigable waters are defined in the CWA as the waters of the United 

States including the territori a1 seas. (44) Waters of the U.S. are defined at 

40 CFR 122.3 to include virtually all surface water bodies. NPDES permits 

include interim and final effluent limitations, a compliance schedule to 

achieve final effluent limitations and self-monitoring and reporting require- 

ments. (45) The final effluent standard in the NPDES permit will require the 
more stringent of the following: (46) 

1. limitations necessary to meet the water quality standards of the 
receiving waters under sections 301(b)(l)(C), 302, or 304 of the CWA, 
or any more stringent state standard, or 

2. (a) the best conventional pollutant control technology (47) must be 

appli ed to conventional pol lutants (biochemical oxygen demand, 

total suspended solids, pH, fecal coliform, and oil and 

grease). (48 1 
(b) the best avail able technology for a1 1 nonconventional 

pollutants. (49 

These requirements must be met by July 1, 1984, and consequently would 

effectively apply to any new CAES facility in the U.S. Interim effluent 



requirements prior to July 1, 1984, require the application of the best prac- 
ticable control technology currently available. (50) The necessary equipment 
and control technologies to meet these standards will ultimately be determined 
by negotiation with the cognizant regulatory authority. 

A potentially useful negotiating point regarding thermal discharges for 

the CAES operator is section 316 of the CWA. This section authorizes the state 

or EPA, as appropriate, to set the thermal component of any discharge permit at 

a level that "will assure the protection and propagation of a balanced, indige- 

nous population of shellfish, fish, and wildlife in and on" the water body. 

Protection beyond this level is not required. 

In addition to the effluent requirements described above, any cooling 

water intake structure in navigable waters will require a permit from the U.S. 

Army Corps of Engineers. (51) EPA requires that the structure reflect "the 

best technology avai 1 able for minimizing adverse environmental impact. ,,(52) 

2.3.3 Oil Storage 

A conventional CAES facility using oil for reheating the compressed air 

will have oil storage tanks. If the oil could possibly pollute a surface water 
body after an accidental spill, special regulatory requirements may have to be 
met. 

Section 311(b)(3) of the CWA prohibits discharge of oil or hazardous sub- 
stances in harmful quantities into the navigable waters of the U.S, adjoining 

shorelines, or the contiguous zone. A harmful quantity is any discharge that 
will violate applicable water quality standards or cause a film or sheen upon 
the water surface or adjoining shoreline. (53) Even a very small discharge 
will produce a film and hence be a harmful quantity. The scope of protection 
extends to essenti a1 ly a1 1 surface water bodies. (54 

The EPA regulations applicable to oil pollution prevention are found at 
40 CFR 112. They apply to all oil consuming activities unless: 1) the geo- 
graphic location of the facility is such that an accidental oil spill could not 

reach a surface water body, or 2) the underground buried storage capacity of 

the facility is 42,000 gallons of oil or less, or 3) the surface storage capac- 

ity does not exceed 1320 gallons and no single oil container has a capacity 
exceeding 660 gallons. (55) If the above exemptions are not applicable, a 



v a r i e t y  o f  p recau t i ona ry  design and ope ra t i ng  steps must be taken. These 

precaut ions  i n c l u d e  app rop r ia te  containment and d i v e r s i o n a r y  s t r u c t u r e s  and 

p r o v i s i o n s  f o r  i nspec t i on  o f  equipment and record  keeping. The p recau t i ona ry  

steps must be documented i n  a  s p i l l  p reven t i on  c o n t r o l  and countermeasure p l a n  

t h a t  has been c e r t i f i e d  by a  p ro fess iona l  engineer.  (56)  The p lan  must be 

a v a i l a b l e  f o r  EPA rev iew du r ing  business hours. 

2.3.4 Const ruc t ion  A c t i v i t i e s  

Water p o l l u t i o n  f rom c o n s t r u c t i o n  a c t i v i t i e s  r e l a t e d  t o  a  CAES f a c i l i t y  

may be sub jec t  t o  r e g u l a t i o n  under l o c a l  o r  s t a t e  law. Sect ion  208 o f  t h e  

C W A ' ~ ~ )  p rov ides  a  procedure f o r  areawide waste management t reatment .  The 

geographic area and a  p lann ing / regu la to ry  agency i s  t o  be designated by t h e  

s t a t e  governor. Any p lan  prepared under t h i s  process must i n c l u d e  p r o v i s i o n s  

t o  c o n t r o l  c o n s t r u c t i o n  a c t i v i t y  sources o f  p o l l u t i o n , ( 5 8 )  and t h e  d isposa l  

o f  p o l l u t a n t s  on land o r  i n  subsurface excavat ions. (591 I n v e s t i g a t i o n  i n t o  

whether such an agency has been designated and i t s  r e g u l a t o r y  requirements 

should precede any c o n s t r u c t i o n  a c t i v i t y .  

2.4 WATER ACQUISITION 

2.4.1 S t a t e  Water Withdrawal R igh ts  

I n  n e a r l y  a l l  western s ta tes  and many eastern states,  a  p e r m i t  f rom t h e  

s t a t e  water resources agency w i l l  be requ i red  t o  o b t a i n  water f o r  c o o l i n g  o r  

o the r  purposes. (60) Th is  requirement app l i es  t o  e i t h e r  sur face water o r  

groundwater. I n  add i t i on ,  separate pe rm i t s  w i  11 most l i k e l y  be needed i f  any 

water body i s  darned, has i t s  course a l t e r e d ,  o r  i s  otherwise a f fec ted .  

Western s ta tes  g e n e r a l l y  f o l l o w  t h e  a p p r o p r i a t i o n  system f o r  a c q u i r i n g  

sur face and groundwater r i g h t s .  A  pe rm i t  t o  withdraw water w i l l  u s u a l l y  be 

granted i f  t h e  s t a t e  agency determines t h a t  t he  proposed use w i l l  n o t  i n t e r f e r e  

w i t h  the  r i g h t s  o f  e x i s t i n g  users o f  waters drawn f rom t h e  water body, t h a t  
, 

unappropr iated water i s  ava i l ab le ,  and t h a t  t h e  p r o j e c t  i s  n o t  otherwise con- 

t r a r y  t o  the  p u b l i c  i n t e r e s t .  

Eastern s t a t e s  g e n e r a l l y  f o l l o w  t h e  r i p a r i a n  system o f  water law. Under 

t h i s  system an owner o f  land cont iguous w i t h  a  sur face water body may o r d i -  

n a r i l y  use a  reasonable amount o f  t he  water i n  a  b e n e f i c i a l  way. Many eastern 



states (e.g. Delaware, Florida, Iowa, Kentucky, Maryland, Mississippi, New 

Jersey, North Carolina, and Wisconsin) also require a permit to utilize surface 

water. A lesser number of eastern states require a permit for groundwater 

withdrawals. 

2.4.2 Dredqe and Fill Permit 

In addition to a state permit to withdraw water, a permit from the U.S. 
Army Corps of Engineers may be required if any dredging or filling activities 

in a wet land area or surface water body is needed for placement of a water 

intake structure or otherwise. The authority for the permit requirement is 

section 404 of the CWA. Applicable regulations are at 33 CFR 323. 

2.5 POMER PLANT CERTIFICATION AND SITING 

2.5.1 Certification 

A CAES facility will probably require a certificate of convenience and 
necessity prior to construction if the facility is to be located in a state 

that normally requires such a certificate for new power generating stations. 
Certificates are required for new generating facilities added by investor-owned 

utilities in approximately 35 states and for publicly owned utilities in 

approximately 16 states. (61) Certificates are required for major transmis- 

sion line additions in approximately 37 and 18 states, respectively. 

2.5.2 State Siting Legislation 

A proposed CAES facil ity may have to meet siting requirements at both the 
local and state level of government. At the local level, zoning requirements 
must be met. Preemption of local requirements by a state siting agency is 
unusual, and local requirements must normally be met in addition to state 

requirements. (62)  

Forty two states now have some form of state role in power plant sit- 

ing.(63) The siting legislation follows a general pattern, but details 

differ from state to state. The general thrust of the legislation is to coordi- 

nate state regulatory efforts and designate a single agency to play the lead 
role in issuing whatever construction permit and/or certificate of convenience 

and necessity is needed for final state approval. 



2.5.3 Federal Legislation 

Although the federal government does not directly participate in the power 

plant siting decision process, several federal laws are indirectly applicable. 
The National Environmental Policy Act (NEPA), (64) discussed in section 2.8.1, 
is most likely to have impact in nearly all CAES siting decisions. The Fish 

and Wildlife Coordination Act requires consultation with the Fish and Wildlife 

Service whenever any body of water is to be impounded, directed, or modified in 

any manner. (65) Any CAES facility needing a federal permit that is to be 

located in a coastal zone must furnish certification to the permitting agency 

that the facility will comply with the state's coastal zone management pro- 

gram. These programs generally were formulated in response to the Coastal Zone 
Management Act of 1972. (66) A list of other federal legislation that can 
potentially affect the siting process is in the Tenth Annual Report of the 

Council on Environmental Quality. (67) Licensing by the Federal Energy Regu- 
latory Commission could conceivably be required for a CAES facility with a com- 

pensating reservoir, however, this result seems unlikely (see Section 3.2.3). 

2.6 UNDERGROUND INJECTION REGU IREMENTS 

Most likely every CAES facility will require an underground injection con- 

trol (UIC) permit issued by EPA or a state water quality control agency author- 

ized by EPA to operate the UIC program. The authority for the UIC program is 
Part C of the Safe Drinking Water Act of 1974 (SDWA). (68) The Act directs 
EPA to promulgate regulations limiting the underground emplacement of fluids by 
well injection that may contaminate any underground water that supplies or can 

reasonably be expected to supply any public water system. (69) The Act contem- 
plates that regulatory programs wi 11 be administered by the states under pro- 

cedures established by EPA. EPA has broadly interpreted its Congressional man- 

date and has prohibited any underground injection unless authorized by permit 
or rule by the cognizant regulatory authority.(7o) The UIC program is only 

recently being implemented. Final regulations for the program were issued by 
EPA on May 19, 1980, (71) and are found at 40 CFR 122.31-122.45 and 40 CFR 

146. State requirements applicable to establishing acceptable UIC programs are 
found at 40 CFR 123, Subparts A and C. In addition to requirements under the 



UIC program, certain states also have existing underground injection require- 

ments. These requirements may eventually merge with or be superseded by regu- 

lations under the SDWA. 

EPA has utilized the discretion provided it in the SDWA and determined 

that all states will be subject to the UIC regulations.(72) All states must 
submit an approvable UIC program to EPA by April 1981 or request an extension 
not to exceed 9 months; otherwise EPA will establish a program for the state. 

Underground injection is defined in section 1421(d)(l) of the SDWA to be 

the subsurface emplacement of fluids by well injection. The definitions of 

"fluid" and "well injection" are important in determining application of the 

SDWA to CAES. Although the SDWA does not define the term 'fluid," the EPA 

regulations define it to include any gas. (73) Well injection is defined to 

be "the subsurface emplacement of fluids through a bored, drilled, or driven 

well or a dug well where the depth of the dug well is larger than the largest 
surface dimension." Thus, even injection through the four-foot inside diameter 

air pipe that is planned for air injection and withdrawal at the hard rock CAES 
facility being investigated by Pdtomac Electric Power Co, (74) appears to be 
well injection within the meaning of the EPA regulations. Under these defini- 

tions, any CAES facility presumably will be subject to the UIC regulations. 

In the criteria and standards that EPA has promulgated at 40 CFR 146 

implementing the UIC program, five injection well classifications are esta- 

bli~hed'~~) and injection practices included within classes I-IV are defined. 
All wells not included within these classes are lumped into class V. If, as 
seems likely, the air injection portion of a CAES facilty is determined to be 
subject to the UIC regulations, it will almost certainly be a class V injection 
well. This classification includes wells that inject nonhazardous fluids into 
or above formations that contain underground sources of drinking water. (76) 

The examples for class V wells given in the regulations(77) do not include 

air or gas injection; however, the list is stated to be illustrative only. 

The UIC regu 1 ations provide for four separate types of underground in jec- 
tion authorization: authorization by rule, individual permits, area permits, 
and emergency permits. Injection into class V wells may be authorized by rule 



indefinitely, provided that applicable existing and future regulatory require- 

ments are met. (78) Authorization by permit is regulated under the require- 

ments at 40 CFR 122.38. A CAES injection well authorized by rule must still 
obtain a permit unless authorization by rule was for the life of the well. (79) 

A permit for a class V well may be issued for a fixed term not to exceed 10 
years. (80) An areawide permit for multiple wells in a limited geographic 

area is authorized under 40 CFR 122.39. This provision is especially appli- 

cable to aquifer-based CAES systems that may require as many as several hundred 
wells in a single well field. Emergency permits are authorized at 40 CFR 

122.4, although this provision would probably not be applicable to a CAES 

project. 

The technical requirements applicable to class V wells are found at 40 CFR 
146 Subpart F. The regulations direct owner/operators of these wells to submit 

a description of any existing well and its status to the state within one year 

of the effective date of a state UIC program. Within three years of the 

effective date, the state must submit to EPA information on the construction 

features of class V wells and the nature and volume of injected fluids, an 
assessment of their contamination potential, available corrective actions and 
their economic and environmental consequences, and recomnendati ons for regu- 
latory action. (81) Final construction requirements for underground injec- 

tions from class V wells thus will probably not be issued for three to four 

years . 
Even though Subpart F does not impose construction requirements on class V 

wells at this time, certain regulations are applicable. These requirements are 
effective when a state UIC program is approved by EPA or when EPA establishes a 

UIC program for the state. General conditions applicable to all UIC and NPDES 

permits are found at 40 CFR 122.7. These conditions establish certain duties, 
such as the duty to mitigate environmental damage and to allow inspections by 

regulatory officials. Another limitation is that no class V injection well 
shall be authorized by rule or permit if the well will allow the movement of 

any f 1 uid containing any contaminant into underground sources of drinking 
water (82) when the presence of the contaminant may cause a violation of any 

primary drinking water regulation under 40 CFR 142 or may adversely affect pub- 
: lic health. (83) Various sanctions can be applied if a potential violation 



f rom an opera t ing  c lass  V w e l l  i s  detected. The f o l l o w i n g  requirements, found 

a t  40 CFR 122.41, are a lso  app l i cab le  t o  any i n j e c t i o n  w e l l  author ized by 

permi t  : 

( 1 )  a l l  records concerning the  nature and composition o f  t he  i n j e c t e d  

f l u i d  must be re ta ined  

( 2 )  the  cognizant U I C  r e g u l a t o r y  o f f i c i a l  must be n o t i f i e d  

(a )  whenever any contami nant may endanger an underground source o f  

d r i n k i n g  water o r  may cause f l u i d  m ig ra t i on  i n t o  o r  between 

underground sources o f  d r i n k i n g  water 

(b )  180 days p r i o r  t o  conversion o r  abandonment o f  the  i n j e c t i o n  

we1 1. 

( 3 )  i n j e c t i o n  may no t  begin u n t i l  cons t ruc t i on  i s  complete and t h e  

cognizant UIC r e g u l a t o r y  agency has been n o t i f i e d  and g iven an 

oppor tun i t y  t o  inspect  the  we1 1. 

Under 40 CFR 142.42(f), a  pe rm i t  f o r  a  c lass  V w e l l  may inc lude cond i t i ons  t o  

ensure t h a t  p lugging and abandonment o f  t h e  w e l l  w i l l  no t  a l low t h e  movement o f  

f l u i d s  t h a t  w i l l  adversely a f f e c t  d r i n k i n g  water suppl ies.  F i n a l l y ,  under 40 

CFR 122.42(g) a  performance bond o r  other  form o f  f i n a n c i a l  guarantee may be 

requ i red  by the cognizant r e g u l a t o r y  a u t h o r i t y  t o  assure proper abandonment o f  

t h e  we l l .  From t h e  CAES f a c i l i t y  owner's stand po in t ,  t h e  most des i rab le  

a u t h o r i z a t i o n  thus appears t o  be a u t h o r i z a t i o n  by r u l e  f o r  t he  l i f e  o f  t he  

p r o j e c t .  A  r e g u l a t o r y  a u t h o r i t y  obv ious ly  may or  may no t  want t o  confer  t h i s  

type o f  au thor iza t ion .  

Cer ta in  s ta tes  a l so  have t h e i r  own permi t  requirements r e l a t e d  t o  under- 

ground i n j e c t i o n .  Even tua l l y  these requirements may merge i n t o  t h e  requ i re-  

ments under the  SDWA; however, i n  the  i n t e r i m  they  must be i d e n t i f i e d  and 

complied w i th .  For example, any i n j e c t i o n  w e l l  i n  I l l i n o i s ,  t h e  s i t e  o f  t h e  

PNL f i e l d  CAES t e s t ,  must be approved by the  S ta te  Environmental P ro tec t i on  

Agency. A  pe rm i t  f rom a cognizant s t a t e  or  l o c a l  hea l th  a u t h o r i t y  may be 

needed i n  any s t a t e  i f  any p o s s i b i l i t y  e x i s t s  t h a t  p u b l i c  d r i n k i n g  water 

supp l ies  w i l l  be a f fec ted  by a CAES p r o j e c t .  Also, a  CAES f a c i l i t y  p o s s i b l y  

w i l l  be regu la ted a t  the s t a t e  l e v e l  s i m i l a r l y  t o  an o i l  o r  n a t u r a l  gas we l l .  

Such th ings  as an engineer ing and geology study and an i n j e c t i o n  p lan  could be 

required.  (84) 



F i n a l l y ,  an NPDES perm i t  f o r  t h e  a i r  i n j e c t i o n  p o r t i o n  o f  t h e  CAES opera- 

t i o n  should not  be requ i red  because on ly  discharges o f  p o l l u t a n t s  w i thou t  a  

pe rm i t  are p r o h i b i t e d  by the  CWA (85) and a i r  i s  not  w i t h i n  t h e  scope o f  p o l -  

l u t a n t  as def ined i n  the Act. (42 )  

2 . 7  WELL DRILLING AND CONSTRUCTION REQUIREMENTS 

A l l  CAES f a c i l i t i e s  w i l l  r e q u i r e  t h e  cons t ruc t i on  o f  a t  l e a s t  one a i r  

i n jec t i on /w i thd rawa l  sha f t .  A CAES f a c i l i t y  w i t h  a  pressure-compensating res-  

e r v o i r  w i l l  r e q u i r e  a t  l e a s t  two shafts.  A  CAES system u t i l i z i n g  a q u i f e r  

s torage may r e q u i r e  up t o  a  hundred w e l l s  o r  even more f o r  a  l a r g e  system t o  

adequately i n j e c t  i n to ,  withdraw from, sample, and moni to r  t h e  aqu i fe r .  Many 

s t a t e s  have w e l l  d r i l l i n g ,  cons t ruc t i on  and abandonment r e g u l a t i o n s  (86) and 

compliance w i t h  these r e g u l a t i o n s  most l i k e l y  w i l l  be necessary. 

Some s t a t e  requirements go i n t o  considerable d e t a i l  and may cover such 

areas as i n fo rmat ion  needed f o r  a  permi t ,  w e l l  l oca t i on ,  w e l l  design and con- 

s t r u c t i o n ,  w e l l  d r i l l i n g  equipment and mate r ia l s ,  pumps and r e l a t e d  equipment, 

t es t i ng ,  maintenance , and abandonment. (87)  

Most s ta tes  l i c e n s e  w e l l  d r i l l e r s .  Some s ta tes  have inspec t ion  r e q u i r e-  

ments and r e q u i r e  t h a t  l o g  data and/or a  w e l l  complet ion r e p o r t  be f i l e d .  

Chemical and b a c t e r i o l o g i c a l  analyses may a l so  be requ i red .  

2.8 ENVIRONMENTAL IMPACT STATEMENT REQUIREMENTS 

An environmental impact statement (EIS) most l i k e l y  w i l l  need t o  be pre-  

pared p r i o r  t o  cons t ruc t i on  o f  a  commercial CAES f a c i l i t y .  The EIS w i l l  be 

requ i red  by NEPA, by a  s t a t e  environmental p o l i c y  ac t  (SEPA) , o r  both. The 

NEPA r e q u i r e s  f e d e r a l  agencies t o  prepare a  d e t a i l e d  EIS f o r  each major f e d e r a l  

a c t i o n  s i g n i f i c a n t l y  a f f e c t i n g  the  q u a l i t y  o f  t he  human environment. (88) 

2.8.1 NEPA EIS 

Two quest ions must be answered before  determining o f  whether an E I S  under 

NEPA would be requ i red  f o r  any p a r t i c u l a r  CAES p r o j e c t .  The f i r s t  quest ion  i s  

whether a  major f e d e r a l  a c t i o n  i s  involved.  A  t y p i c a l  CAES f a c i l i t y  w i l l  

r e q u i r e  an exemption f rom t h e  FUA f rom DOE-ERA. The f a c i l i t y  may r e q u i r e  a  

permi t  f rom EPA f o r  a i r  o r  water discharges or  underground i n j e c t i o n  i f  t h e  



respective programs are not being operated by the s t a t e .  A permit from the 
Corps of Engineers may be needed i f  a cooling water intake structure i s  placed 
i n  a surface water body or in a wetland area. Also, a CAES f a c i l i t y  possibly 
could be located on land leased, exchanged, or purchased from a federal agency 
or federal funds or loan guarantees could be ut i l ized in financing the CAES 

f a c i l i t y .  Any of these federal actions could possibly t r igger  the NEPA 

requirement for  an EIS. The second question i s  whether the environmental 
impacts of the CAES project are significant.  Impacts may be s ignif icant  even 
i f  on balance there i s  a posit ive environmental impact. Given the extent of 
environmental impacts tha t  were described ea r l i e r  in Section 2.0 and tha t  will 
a r i se  during the construction and operation of a CAES f a c i l i t y ,  a CAES project 
of more than minimal s ize will  probably be construed to  have s ignif icant  
impacts. 

A federal agency may decide to  prepare an environmental assessment i f  i t  
i s  unclear whether an EIS should be prepared, to  f a c i l i t a t e  preparation of an 
EIS, or to  aid an agency's compliance w i t h  NEPA when no EIS i s  necessary. (89 1 

When more than one federal agency will  be involved i n  the NEPA process, 
the agencies must determine which one will be the lead agency and which will be 
cooperating agencies A s t a t e  agency involved in the NEPA process 
because of the existence of a SEPA may act as a joint  lead agency with a fed- 
eral  agency. The Council on Environmental Qual i ty  will appoint a lead 
agency i f  agreement cannot be reached. (92)  I t  i s  d i f f i c u l t  to predict in 
advance which federal agency would be the most l ikely lead agency i f  a CAES 

f a c i l i t y  i s  determined to  require preparation of an EIS. 

2.8.2 SEPA EIS 

A SEPA EIS possibly could be required for  a CAES f a c i l i t y  as over half of 
the s t a t e s  now have some type of s t a t e  EIS requirement. (931 A variety of 
permit requirements, including an a i r  or water discharge permit, a c e r t i f i c a t e  
of convenience and necessity to  construct the f a c i l i t y ,  a UIC permit, or a 
request fo r  a zone change, could potent ial ly  t r igger  the need f o r  a SEPA EIS. 

Both a NEPA and a SEPA EIS would probably not be required because federal 
agencies are to cooperate w i t h  s t a t e  and local governments to  coordinate EIS 



prepara t ion  and e l i rn i  nate d u p l i c a t i o n  . (94)  Moreover, many s ta tes  s p e c i f y  

t h a t  an otherwise necessary SEPA E I S  w i l l  no t  be requ i red  i f  an adequate NEPA 

EIS has been prepared. 

I f  e i t h e r  a  NEPA or  a  SEPA E I S  i s  prepared, t h e  CAES p l a n t  owner w i l l  

most l i k e l y  have t o  prepare e i t h e r  a  comprehensive environmental ana lys is  and 

r e p o r t  o r  a  d r a f t  EIS, e i t h e r  o f  which w i l l  be used by t h e  r e g u l a t o r y  agency t o  

issue t h e  f i n a l  E I S .  

2.9 SAFETY AND NOISE REGULATION 

The cons t ruc t i on  and opera t ion  o f  a  CAES f a c i l i t y  w i l l  be sub jec t  t o  t h e  

s a f e t y  r e g u l a t i o n s  o f  t h e  Occupational Safe ty  and Heal th Admin is t ra t i on  (OSHA). 

Regulat ions app l i cab le  t o  cons t ruc t i on  a c t i v i t i e s  are  found a t  29 CFR 1926, 

wh i l e  regu la t i ons  app l i cab le  t o  opera t ion  o f  a  CAES f a c i l i t y  are found a t  29 

CFR 1910. The OSHA r e g u l a t i o n s  are enforced e i t h e r  by OSHA o r  by a  s t a t e  

h e a l t h  and s a f e t y  agency t h a t  has been delegated enforcement r e s p o n s i b i l i t y  by 

OSHA. 

The OSHA r e g u l a t i o n s  app l i cab le  t o  no ise  c o n t r o l  are o f  p a r t i c u l a r  con- 

cern. (95)  An opera t i ng  CAES f a c i l i t y  w i l l  generate no ise  f rom several  

sources, t h e  most important  o f  which i nc lude  t u r b i n e  operat ion,  t h e  a i r  i n l e t  

t o  the  compressor, and c o o l i n g  tower opera t ion  i f  a  tower i s  used. (96) 

The OSHA noise regu la t i ons  are app l i cab le  t o  t h e  work environment. Many 

s ta tes  and l o c a l  governments a lso  have no ise  r e g u l a t i o n s  app l i cab le  t o  t h e  

general environment . (97 )  These r e g u l a t i o n s  vary  i n  scope and d e t a i l ,  b u t  

t h e i r  p o t e n t i a l  a p p l i c a b i l i t y  should be determined p r i o r  t o  cons t ruc t i on .  



3.0 REGULATORY ISSUES APPLICABLE TO PARTICULAR CAES RESERVOIR MEDIA 

3.1 SALT DEPOSITS 

A s a l t  depos i t  i s  one o f  the  p o t e n t i a l  s torage mediums f o r  a p p l i c a t i o n  o f  

CAES technology. U t i l i z a t i o n  o f  a s a l t  depos i t  w i  11 o r d i n a r i l y  i n v o l v e  so lu-  

t i o n  min ing a cavern o f  s u i t a b l e  s i z e  and geometry. Caverns may be developed 

i n  e i t h e r  s a l t  dome or  bedded s a l t  deposi ts .  An e x i s t i n g  cavern p r e v i o u s l y  

mined f o r  s a l t  e x t r a c t i o n  can a l so  p o t e n t i a l l y  be used i f  the  cavern and s i t e  

are compatible w i t h  the  u t i l i t y ' s  needs. The Huntor f ,  West Germany, CAES 

f a c i l i t y ,  which i s  the  f i r s t  commercial f a c i l i t y  i n  the  world, u t i l i z e s  two 

approximate ly  c y l i n d r i c a l  so lu t ion- mi  ned caverns i n  a s a l t  depos i t  f o r  a i r  

storage. 

The p r i n c i p a l  environmental impact and a l so  the  most l i k e l y  area o f  regu-  

l a t o r y  concern associated w i t h  c o n s t r u c t i o n  i s  d isposa l  o f  t h e  b r i n e  produced 

by s o l u t i o n  mining. Each cub ic  meter o f  s torage cavern i s  expected t o  r e s u l t  

i n  7-10 cub ic  meters o f  b r i n e  r e q u i r i n g  d isposal .  (98) The salt-dome cavern 

planned f o r  a i r  storage i n  t h e  conceptual study conducted by Midd le  South 

U t i l i t i e s  prov ides a i r  s torage capac i t y  o f  n e a r l y  1.18 m i l  l i o n  cub ic  meters f o r  

the  220 MWe f a c i l i t y . ( 9 9 )  A l o c a t i o n  near Carmichael, M i s s i s s i p p i ,  i s  

planned. 

The a v a i l a b l e  b r i n e  d isposa l  op t ions  i nc lude  underground i n j e c t i o n ,  ocean 

d isposa l ,  and ponding/evaporat ion. The l a s t  technique o f f e r s  t h e  p o s s i b i l i t y  

o f  cormerc ia l  recovery  o f  t he  s a l t .  Underground i n j e c t i o n  w i l l  probably be the  

l e a s t  expensive a l t e r n a t i v e ,  however, and i s  t h e  planned b r i n e  d isposal  o p t i o n  

a t  the Carmichael s i t e .  

3.1.1 Subsurface B r i n e  I n j e c t i o n  

Subsurface b r i n e  i n j e c t i o n  w i l l  p robably be the  l e a s t  expensive d isposa l  

op t ion ,  and i n  most cases, t h e  o p t i o n  w i t h  t h e  l e a s t  environmental impact. The 

most important  r e g u l a t o r y  impact i s  the  need f o r  an i n j e c t i o n  pe rm i t  under the  

UIC program. The pe rm i t  must be ob ta ined f rom t h e  s t a t e  water q u a l i t y  agency 

o r  the Regional EPA Admin is t ra to r ,  whichever adminis ters the  program. 

A b r i n e  d isposa l  w e l l  w i l l  be c l a s s i f i e d  as a c lass  I11 w e l l .  ( l o o )  s tan-  

dards app l i cab le  t o  c l a s s  111 w e l l s  are found a t  40 CFR 146.31. D e t a i l e d  



i n fo rma t ion  on the  i n j e c t i o n  we l l ,  the  na ture  o f  the  b r i ne ,  and the  i n j e c t i o n  

fo rmat ion  w i l l  most l i k e l y  be requ i red  t o  support a  pe rm i t  a p p l i c a t i o n .  The 

w e l l  must be cased and cemented and d e t a i l e d  w e l l  logs w i l l  be necessary. Well 

mon i to r i ng  requirements may a l so  be imposed i f  d r i n k i n g  water o r  water poten-  

t i a l l y  s u i t a b l e  f o r  d r i n k i n g  can be a f fec ted .  

Ocean B r i n e  Disposal  

Ocean b r i n e  d isposa l  can be done f rom a  land-based p o i n t  d ischarge source 

or  by barg ing  t h e  b r i n e  t o  an acceptable ocean d isposa l  s i t e .  Discharge f rom a  

p o i n t  source on land w i l l  r e q u i r e  an NPDES permit(lol) f rom t h e  s t a t e  water 

q u a l i t y  agency o r  t h e  Regional EPA Admin is t ra to r ,  whichever admin is te rs  t h e  

NPDES program. C r i t e r i a  t o  be used i n  i s s u i n g  permi ts  have r e c e n t l y  been 

issued by EPA ( l o 2 )  and e s s e n t i a l l y  p rov ide  t h a t  a  pe rm i t  may be issued i f  the  

d ischarge w i l l  no t  cause unreasonable degradat ion o f  t h e  marine environment. 

Ce r ta in  cond i t i ons  may be placed on a  permi t ,  and a  mon i to r i ng  program i n  the  

area o f  d ischarge i s  mandatory. (103 

I f  barge t r a n s p o r t  f o l l owed  by ocean d isposa l  i s  se lected,  a  d i sposa l  per-  

m i t  f rom t h e  Regional EPA Admin i s t ra to r  under t h e  Marine, P ro tec t i on ,  Research, 

and Sanctuar ies Ac t  o f  1972 ( l o 4 )  w i l l  be requ i red .  App l i cab le  EPA regu la -  

t i o n s  are found a t  40 CFR Subchapter H. A d e t a i l e d  a p p l i c a t i o n  must be sub- 

m i t t e d  and a  p u b l i c  hear ing  may be requ i red  i f  ob jec t i ons  t o  issuance o f  t h e  

pe rm i t  are ra ised.  C r i t e r i a  f o r  t h e  eva lua t i on  o f  pe rm i t  a p p l i c a t i o n s  are 

found a t  40 C F R  227. Acceptable ocean d i sposa l  s i t e s  are  l i s t e d  a t  40 C F R  

228. Disposal  a t  o ther  than approved s i t e s  may be proposed i n  t h e  pe rm i t  

a p p l i c a t i o n .  ( 105 

3.1.3 Land B r i n e  D isposa l  

I f  the  CAES f a c i l i t y  owner e l e c t s  t o  d ischarge the  b r i n e  t o  a  h o l d i n g  pond 

o r  lagoon, t h e  EPA s o l i d  and hazardous waste r e g u l a t i o n s  must be considered. 

The p r i n c i p a l  l e g i s l a t i o n  t o  consider  i s  S u b t i t l e  C o f  t he  S o l i d  Waste Disposal  

Act, o therwise known as t h e  Resource Conservat ion and Recovery Ac t  o f  1976 

(RCRA).(lo6) RCRA d i r e c t s  EPA t o  issue standards governing a l l  aspects o f  

hazardous waste c o n t r o l .  It i s  n o t  e n t i r e l y  c l e a r  whether s a l t  b r i n e  would be 

considered a  hazardous waste under the  Act, ( l o 7 )  and thus  sub jec t  t o  t h e  corn- 

p l e x  EPA hazardous waste r e g u l a t i o n s  found a t  40 CFR 261-265. B r i n e  does n o t  



f i t  i n t o  the RCRA exc lus ion  category a t  40 CFR 261.4(b). However, b r i n e  i s  no t  

among the  l i s t e d  hazardous wastes i n  Subpart D o f  40 CFR 261. B r i n e  may o r  may 

no t  be c l a s s i f i e d  as a  hazardous waste based on the  c h a r a c t e r i s t i c s  o f  hazard- 

ous waste found i n  Subpart C o f  40 CFR 261. The c h a r a c t e r i s t i c s  are i g n i t a b i l -  

i ty ,  c o r r o s i v i t y ,  r e a c t i v i t y ,  and t o x i c i t y .  I f  a  waste meets the  t e s t  f o r  any 

one c h a r a c t e r i s t i c ,  i t  i s  considered hazardous. Each c h a r a c t e r i s t i c  has associ-  

ated parameters and t e s t s .  The c o r r o s i v i t y  t e s t  i s  p robab ly  most app l i cab le  t o  

s a l t  b r i ne .  

B r ine  ponding would, however, have t o  meet t he  c r i t e r i a  f o r  s o l i d  waste 

d isposa l  f a c i l i t i e s  and p r a c t i c e s  a t  40 CFR 257. The r e g u l a t i o n s  a t  P a r t  257 

were adopted under S u b t i t l e  D o f  RCRA. The d e f i n i t i o n  o f  s o l i d  waste a t  40 CFR 

257.2 inc ludes  so l i d ,  l i q u i d ,  and semiso l id  m a t e r i a l  r e s u l t i n g  f rom i n d u s t r i a l ,  

commercial, and min ing operat ions.  The c r i t e r i a  i n  P a r t  257 p rov ide  t h a t  d i s -  

posal  s h a l l  no t  be i n  a  f l o o d p l a i n ,  t h rea ten  endangered species, cause a  d i s -  

charge t o  sur face water, o r  contaminate groundwater. The popu la t i on  o f  disease 

vec tors  must be minimized. Compliance w i t h  c e r t a i n  s a f e t y  requirements i s  a1 so 

necessary. 

P r i o r  t o  s e l e c t i n g  land-based d isposal ,  a  d e t a i l e d  t e s t  o f  t h e  b r i n e  

should be made t o  determine whether it has any o f  t h e  c h a r a c t e r i s t i c s  o f  hazard- 

ous waste as de f ined i n  40 CFR 261 Subpart C. If the  b r i n e  i s  found t o  be a  

hazardous waste, t he  r e g u l a t i o n s  a t  40 CFR 264 and 265 app l i cab le  t o  owners and 

operators o f  hazardous waste treatment,  storage, and d isposa l  f a c i l  i t i e s  must 

be met. The r e g u l a t i o n s  a t  40 CFR 265 Subpart K, r e l a t i n g  t o  sur face impound- 

ments, w i l l  be e s p e c i a l l y  app l icab le .  I f the  b r i n e  i s  found t o  be hazardous, 

these regu la t i ons  would a l so  be app l i cab le  t o  any sur face impoundment o f  b r i n e  

t h a t  occurs p r i o r  t o  underground i n j e c t i o n  o r  ocean d isposa l .  

If a  b r i n e  s p i l l  f rom a  ho ld ing  pond occurs and t h e  b r i n e  conta ins  a  

" repo r tab le  q u a n t i t y "  o f  any o f  t he  299 compounds designated as hazardous a t  

40 CFR 116.4, t h e  CAES opera tor  cou ld  p o t e n t i a l l y  be l i a b l e  f o r  a  monetary 

p e n a l t y  under sec t i on  311 o f  the  CWA. The l i s t  o f  hazardous compounds i s  no t  

i d e n t i c a l  t o  t h e  l i s t  o f  hazardous wastes under RCRA a t  40 CFR 261.3. The 

amount o f  each substance t h a t  c o n s t i t u t e s  a  r e p o r t a b l e  q u a n t i t y  i s  g iven a t  

40 CFR 117.3. No t i ce  o f  any s p i  11 o f  a  r e p o r t a b l e  q u a n t i t y  o f  a  hazardous 



substance must be immediately g iven t o  the  appropr ia te  agency o f  t he  U.S. 

Government, which normal ly  w i  11 be EPA o r  t h e  Coast Guard. 

3.2 HARD ROCK 

Compressed a i r  s torage i n  a  n a t u r a l  o r  mined hard- rock cavern presents sev- 

e r a l  unique r e g u l a t o r y  cons idera t ions  t h a t  m e r i t  a t t e n t i o n .  These considera-  

t i o n s  inc lude s a f e t y  r e g u l a t i o n s ,  r e g u l a t i o n s  a p p l i c a b l e  t o  d i sposa l  o f  mined 

waste products, and cons idera t ions  a p p l i c a b l e  t o  ope ra t i on  o f  a  pressure-  

compensating r e s e r v o i r .  

3.2.1 Sa fe ty  Requlat ions 

The workers invo lved i n  t he  c o n s t r u c t i o n  o f  a  mined a i r  s to rage cavern 

w i l l  e i t h e r  be sub jec t  t o  t h e  s a f e t y  r e g u l a t i o n s  o f  t h e  Mine Sa fe ty  and Hea l th  

Admin i s t ra t i on  (MSHA) o r  t he  OSHA r e g u l a t i o n s  discussed i n  s e c t i o n  2.9. Both 

o f  these agencies are i n  t h e  U.S. Department o f  Labor. I n  some cases, s a f e t y  

regu 1  a t  i ons o f  each agency may apply. 

Mine s a f e t y  i s  regu la ted  under t h e  p rov i s ions  o f  t he  Federal  Mine Sa fe ty  

and Hea l th  Ac t  o f  1977. ( l o 8 )  The Act  app l i es  t o  any mine " t h e  opera t ions  o r  

products o f  which a f f e c t  commerce." ('09) Since t h e  ope ra t i on  o f  a  hard rock  

CAES m i  ne r e s u l t s  i n  e l e c t r i c i t y  t h a t  almost c e r t a i n l y  a f f e c t s  comnerce, t h e  

p rov i s ions  o f  t he  Ac t  are most l i k e l y  app l i cab le  t o  the  c o n s t r u c t i o n  o f  a  CAES 

cavern. The d e f i n i t i o n  o f  "mine" i n  the  Ac t  ( ' lo )  i s  a l so  broad enough t o  

p o t e n t i a l l y  sub jec t  t h e  d i sposa l  o f  mine waste and t h e  c o n s t r u c t i o n  and opera- 

t i o n  o f  a  sur face compensating r e s e r v o i r  t o  the  p rov i s ions  o f  t h e  Act .  The Act  

g ran ts  t h e  Secre tary  o f  Labor t h e  power t o  assign s a f e t y  enforcement respons i-  

b i l i t i e s  t o  OSHA o r  MSHA i n  cases where the  j u r i s d i c t i o n  o f  these agencies may 

over 1  ap . (111) 

Occupational h e a l t h  and s a f e t y  regu 1  a t  ions  adopted under t h e  Federal  Mine 

Sa fe ty  and Hea l th  Ac t  and p o t e n t i a l l y  app l i cab le  t o  c o n s t r u c t i o n  o f  a  CAES 

cavern are found a t  30 CFR 57. A  wide v a r i e t y  o f  a c t i v i t i e s  are  regu la ted  

under P a r t  57 i n c l u d i n g  f i r e  p revent ion ,  a i r  q u a l i t y  i n  t h e  mine, use o f  explo-  

s ives,  d r i l l i n g ,  personal  p r o t e c t i o n ,  m a t e r i a l s  storage, and s a f e t y  programs. 

The r e g u l a t i o n s  a t  30 CFR 57.5 r e l a t i n g  t o  a i r  q u a l i t y ,  v e n t i l a t i o n ,  and r a d i a -  

t i  on p r o t e c t i o n  m e r i t  p a r t i c u l a r  a t t e n t  ion. For example, a  rock  fo rma t ion  



selected f o r  a  CAES cavern cou ld  p o s s i b l y  con ta in  rad ionuc l i des  o r  asbest i forms 

i n  q u a n t i t i e s  s u f f i c i e n t  t o  cause a  p o t e n t i a l  h e a l t h  hazard. ('12) The regu- 

l a t i o n s  a t  30 CFR 57.5 p o t e n t i a l l y  app ly  t o  bo th  sur face waste d isposa l  opera- 

t i o n s  and subsurface cavern c o n s t r u c t i o n  operat ions.  

Mine Waste Disposal  

Disposal and long- term care o f  t he  waste and rubb le  r e s u l t i n g  f rom con- 

s t r u c t i o n  o f  a  hard- rock CAES f a c i l i t y  w i l l  p resent  c e r t a i n  t e c h n i c a l  and regu- 

l a t o r y  problems t h a t  must be considered. The s i z e  o f  t h e  p o t e n t i a l  was tep i l e  

i s  s i g n i f i c a n t .  One study s ta tes  t h a t  a  l a r g e  hard- rock CAES f a c i l i t y  cou ld  

produce waste rock  cover ing  40 acres o r  more t o  a  depth o f  17 f e e t .  (113) 

It i s  n o t  c e r t a i n  which o f  t h e  EPA s o l i d  waste r e g u l a t i o n s  w i l l  app ly  t o  

waste product  d isposal .  Most l i k e l y  t he  c r i t e r i a  f o r  s o l i d  waste d isposa l  

f a c i l i t i e s  and p r a c t i c e s  a t  40 CFR 257 w i l l  apply,  and t h e  hazardous waste 

r e g u l a t i o n s  under RCRA a t  40 CFR 261-265 and the  gu ide l i nes  f o r  t h e  land d i s -  

posal  o f  s o l i d  waste a t  40 CFR 241 w i l l  no t  apply. 

The c r i t e r i a  a t  40 CFR 257 (see sec t i on  3.1.3) do no t  apply t o  "overburden 

r e s u l t i n g  f rom mining opera t ions  intended f o r  r e t u r n  t o  the  mine s i t e .  11(114) 

The waste f rom a  CAES hard- rock cavern i s  no t  s t r i c t l y  overburden; however, i t  

i s  the  f u n c t i o n a l  equ iva len t .  The waste may o r  may n o t  remain a t  t h e  CAES 

s i t e .  Poss ib l y  t he  waste w i l l  have value as a  cons t ruc t i on  o r  f i l l  m a t e r i a l  i n  

some cases and w i l l  be re loca ted.  Otherwise the  waste w i l l  most l i k e l y  remain 

a t  t h e  s i t e  because o f  h igh  t r a n s p o r t  cos ts  and the  d i f f i c u l t y  o f  f i n d i n g  an 

a l t e r n a t i v e  storage s i t e .  I f  the  waste remains a t  t he  CAES s i t e ,  i t  w i l l  

remain on t h e  sur face and no t  be p laced i n  an excavated area as t h e  overburden 

exemption apparent ly  contemplates. The a p p l i c a b i  1  i t y  o f  t he  p a r t  257 regu la-  

t i o n s  i s  t h e r e f o r e  unclear .  Since these r e g u l a t i o n s  are no t  l i k e l y  t o  be 

burdensome, good p r a c t i c e  suggests t h a t  compliance should be achieved. 

The hazardous waste r e g u l a t i o n s  issued under RCRA a l so  exclude min ing 

overburden re tu rned  t o  the  mine s i t e .  ('15) Recent regu 1  a t  ions  a1 so exclude 

s o l i d  waste f rom t h e  e x t r a c t i o n ,  b e n e f i c i a t i o n ,  and processing o f  ores and 

minera ls .  ('16) The waste f rom a  hard- rock CAES cavern probab ly  w i  11 be 



excluded f rom the hazardous waste r e g u l a t i o n s  on the  bas is  o f  one o f  t he  exc lu-  

s ions or  because i t  does no t  e x h i b i t  any o f  t he  c h a r a c t e r i s t i c s  o f  hazardous 

waste found a t  Subpart C o f  40 CFR 261. 

EPA has a lso  pub l ished gu ide l i nes  f o r  t he  land d isposa l  o f  s o l i d  waste 

t h a t  are mandatory f o r  f e d e r a l  agencies and recomnended t o  s t a t e  and l o c a l  

bodies. However, these r e g u l a t i o n s  do n o t  apply t o  min ing "because o f  t he  lack  

o f  s u f f i c i e n t  i n fo rma t ion  upon which t o  base recommended procedures. ,,(117) 

Several s ta tes  do have s o l i d  waste d isposa l  and sur face mine rec lamat ion  

requirements t h a t  may be a p p l i c a b l e  t o  hard- rock CAES waste d isposa l .  (118) 

For example, i n  C a l i f o r n i a  the  Surface Min ing  and Reclamation Ac t  (119) of 

1975 a p p l i e s  t o  s u r f  ace min ing opera t ions  and t o  sur face d is tu rbance associated 

w i t h  underground mining. A r e g u l a t i o n  adopted by the  S t a t e  Min ing  and Geology 

Board a p p l i c a b l e  t o  mined waste p i l e s  prov ides  as f o l l o w s :  (120) 

Permanent p i l e s  o r  dumps o f  mine waste rock and overburden s h a l l  be 
s t a b l e  and n o t  r e s t r i c t  t he  n a t u r a l  drainage w i t h o u t  s u i t a b l e  
p r o v i s i o n s  f o r  d i v e r s i o n .  S tab le  slopes a t  angle o f  repose s h a l l  be 
pe rm i t t ed  as a  f i n a l  slope. Old equipment and o ther  s i m i l a r  i n e r t  
min ing wastes s h a l l  be removed o r  bur ied.  Toxic  m a t e r i a l s  s h a l l  be 
removed o r  p ro tec ted  t o  reduce leach ing  t o  a l lowab le  l e v e l s .  Under 
some cond i t ions ,  cover ing  o f  p a r t  o r  a l l  o f  t h e  mine waste may be 
des i rab le .  Where reasonable choices e x i s t ,  dumps s h a l l  be loca ted i n  
l e a s t  v i s i b l e  l oca t i ons .  C o n t r o l l e d  placement o f  t h i s  m a t e r i a l  w i t h  
r e l a t i o n s h i p  t o  topography, hydrology, and end use fea tu res  can 
g r e a t l y  enhance t h e  r e s u l t s  o f  a  rec lamat ion  program. 

These requirements are i l l u s t r a t i v e  o f  requirements t h a t  may be imposed i n  any 

s ta te .  

One o f  t he  s i g n i f i c a n t  environmental problems associated w i t h  a  sur face 

waste p i l e  i s  c o n t r o l  o f  sediment i n  r u n o f f .  Const ruc t ion  o f  a  sedimentat ion 

pond may be needed o r  requ i red .  Such a  pond q u a l i f i e s  as a  p o i n t  d ischarge 

source under t h e  CWA and any d ischarges f rom t h e  pond may r e q u i r e  a  NPDES 

pe rm i t  . 
3.2.3 Compensating Reservoi r  

As discussed i n  the  I n t r o d u c t i o n ,  a  hard- rock CAES cavern can be combined 

w i t h  a  su r face  compensating r e s e r v o i r  t o  keep t h e  s to red a i r  a t  cons tant  p res-  

sure. The compensating r e s e r v o i r  w i l l  r e q u i r e  an i n i t i a l  f i l l i n g  w i t h  water 



and periodic replenishing to  replace system losses. Many of the regulatory 
concerns addressed in section 2 .4  on water acquisition will  be applicable to  
acquiring water for  the reservoir.  In practice,  water requirements for  cooling 
and the compensating reservoir can be treated as a combined requirement and a 
s ingle  permit from the appropriate regulatory agency obtained. A surface com- 
pensating reservoir ordinarily wi 11 not discharge water, and consequently no 
NPDES permit should be needed. 

The poss ib i l i ty  has been raised tha t  a CAES f a c i l i t y  with a compensating 
reservoir may require a license from FERC. (12') Section 23(b)  of the Federal . . 

Power Act (I2*) requires a FERC license for  the construction, operation, and 
maintenance of dams, water conduits, reservoirs,  power houses, transmission 
l ines ,  or other project works on or affecting navigable water which are  neces- 
sary or convenient to the improvement of navigation or generation of water 
power. A key requirement i s  that  the license is required for  the generation of 
e l e c t r i c i t y  by water power. A FERC license i s  not required fo r  a steam- 
generating plant tha t  uses water only as a coolant. A license has often 
been required, however, f o r  a pumped hydro ins ta l la t ion  because i t  does gener- 
ate  power from fa l l ing  water. The compensating reservoir associated with a 
hard rock CAES f a c i l i t y  i s  only incidental to  the generation of e l ec t r i c i ty .  
I t  i s  used to improve system efficiency and operation, b u t  i t  i s  not necessary 
fo r  e l e c t r i c i t y  generation. Consequently, i t  appears tha t  an FERC license 
would not be needed. If there i s  doubt, a u t i l i t y  can f i l e  a pet i t ion w i t h  

FERC f o r  a declaratory order requesting a determination tha t  a license i s  not 
requ i red. (124 

3 . 3  AQUIFERS 

Aquifer storage i s  the third storage medium under consideration for  the 
CAES technology. Regulatory issues are considered in three categories: spe- 
c i a l  injection reguirements, holding ponds, and special aquifer c lassif icat ions.  
Aquifer storage of compressed a i r  does not d i rec t ly  involve the withdrawal of 
groundwater during operation. Some withdrawal will be necessary though for  
such needs as sampling and test ing of groundwaters, and in s i tu  evaluations of 
caprock and reservoir rock. In many s t a t e s  a permit for  groundwater withdrawal 
will  be needed. Background information on groundwater law i s  included in 

Appendix A. 



3.3.1 Specia l  I n j e c t i o n  Requirements 

I n  a d d i t i o n  t o  t h e  underground i n j e c t i o n  requirements discussed i n  s e c t i o n  

2.6, use of an aqui fer  f o r  CAES may r e q u i r e  compliance i n  c e r t a i n  s ta tes  w i t h  

speci a1 regu la to ry  requirements designed t o  p r o t e c t  groundwater. Specia l  

requirements are e s p e c i a l l y  l i k e l y  i f  the  a q u i f e r  proposed f o r  s torage i s  a 

p o t e n t i a l  d r i n k i n g  water source. Minnesota, f o r  example, p r o h i b i t s  underground 

i n j e c t i o n  w e l l s  unless a variance i s  obtained f rom the  S ta te  Department o f  

Health. Groundwater p ro tec t i on ,  moni tor ing,  and r e p o r t i n g  requirements 

are l i k e l y  cond i t i ons  t o  a variance. I n  general, a q u i f e r s  s u i t a b l e  f o r  CAES 

are not  l i k e l y  t o  be po tab le  water sources because they  w i l l  be too  deep and 

t o t a l  d i sso lved  s o l i d s  content  w i l l  be too high. 

3.3.2 Hold inq Ponds 

P r i o r  t o  implementat ion o f  an aquifer-based CAES system, d e t a i l e d  w e l l  

t e s t i n g  w i l l  be required.  One necessary t e s t  i s  t h e  a q u i f e r  pumping t e s t  

conducted t o  ensure t h a t  t h e  caprock has adequate i n t e g r i t y  and t o  measure i n  

s i t u  pe rmeab i l i t y .  ( I E 6 )  A temporary ho ld ing  pond con ta in ing  on t h e  order  o f  

50 acre- feet  o f  water /b r ine  w i l l  be requ i red  f o r  t h e  t e s t .  The d iscuss ion i n  

sec t ion  3.1.3 a p p l i c a b l e  t o  land d isposa l  o f  s a l t  b r i n e  i s  p e r t i n e n t  t o  t h e  

r e g u l a t o r y  requirements p o t e n t i  a1 l y  app l i cab le  t o  t h e  ho ld ing  pond. 

3.3.3 Specia l  Aqu i fe r  C l a s s i f i c a t i o n s  

U t i l i z a t i o n  o f  an aqu i fe r  f o r  CAES t h a t  has been designated by EPA o r  pos- 

s i b l y  a s t a t e  agency as t h e  so le  o r  p r i n c i p a l  d r i n k i n g  water source f o r  an area 

may be more d i f f i c u l t  than u t i l i z i n g  an a q u i f e r  no t  so designated. The EPA has 

a u t h o r i t y  under s e c t i o n  1424(e) o f  t h e  Safe Dr ink ing  Water Ac t  t o  designate 

s o l e  source aqu i fe rs .  Once i t  has made a designat ion, no subsequent commit- 

ments o f  f e d e r a l  f i n a n c i a l  ass is tance may be made t o  p r o j e c t s  t h a t  EPA deter-  

mines mav contaminate the  a a u i f e r  so as t o  c reate  a s i m i f i c a n t  hazard t o  " " 

p u b l i c  hea l th .  Federal f i n a n c i a l  ass is tance i s  b road lv  de f ined  t o  - 
inc lude cont rac ts ,  g rants  and loan guarantees. ( I z 8 )  A s i g n i f i c a n t  hazard t o  

p u b l i c  h e a l t h  i s  one t h a t  causes an a q u i f e r  t o  exceed any maximum contaminant 

l e v e l  es tab l i shed  by the  Nat iona l  Pr imary Dr ink ing  Water Standards, (129) 

adversely a f f e c t s  human heal th,  o r  requ i res  a d d i t i o n a l  t reatment  by a pub1 i c  



water system to prevent adverse effects. As of July 1980, 7 aquifers had been 

designated as sole source and 8 petitions for sole source status were under 
consideration by EPA. (130) The 7 aquifers designated as sole source are the 
Edwards Aquifer near San Antonio, Texas; the groundwater system of Guam; the 

aquifer beneath Fresno, California; the Magothy Aquifer underlying Nassau and 

Suffolk Counties on Long Island, New York; the Spokane-Rathdrum Aquifer in 
Washington and Idaho; the Biscayne Aquifer in southeastern Florida; and the 
Buried Valley Aquifer system of western Essex and Southeastern Morris Counties, 

New Jersey. (131)  

In the future all groundwaters may be classified in some manner. Such a 

classification could affect where a CAES facility utilizing an aquifer for air 
storage could be located. EPA is currently considering a three-tiered ground- 
water classification system in which different levels of groundwater 

protection would be required for each classification. Three classifications 
are being considered : 

1. groundwater that serves a highly valuable use or ecological function 
warranting the most stringent level of control 

2 .  groundwater potenti a1 ly usable as drinking water and requiring usual 

levels of protection 

3. groundwater areas where limited and defined contamination would be 

all owed for certain contaminants. 

Incentives would most likely be offered to encourage states to adopt the classi- 
fication system ultimately selected. Certain states already have groundwater 

classification systems and associated water quality standards. Examples include 
New York, New Jersey, New Mexico, Maryland, and Minnesota. (133)  



4.0 POTENTIAL LIABILITY 

The objectives of this section are to identify selected aspects of a CAES 
operation that can potentially lead to liability and to discuss the legal 
theories under which liability might be imposed. None of the events that could 
lead to possible liability can be considered likely. Nevertheless, the prudent 
CAES operator will want to be aware of potential liability sources in order to 

take steps to mitigate its possibility and perhaps to obtain appropriate 
insurance. 

POTENTIAL SOURCES OF L IAB IL ITY 

Several potential liability sources are associated with a CAES operation. 
Some of the more important sources are highlighted below. More detailed survey 
studies are available, and detailed investigations of particular environ- 
mental problems that can potentially lead to liability are becoming available 
as part of the three DOE-EPRI-utility studies on CAES applications that are 
discussed in the Introduction, and the Compressed Air Energy Storage Technology 
Program being managed by PNL for the Assistant Secretary for Conservation and 
Renewable Energy, DOE. 

4.1.1 Cavern Blowout 

A possible and very undesirable potential liability source is a blowout of 
the air storage cavern. This phenomenon could be caused by a loss of integrity 

between well casing and grout in any type of CAES injection well. Air leakage 
from the well or from the storage cavern in general can potentially lead to a 
sufficient pressure build up in air pockets below the surface that results in a 
blowout. In a reservoir compensated system, a blowout can also potentially be 
caused by the "champagne effect," whereby a two-phase air bubble-water mixture 
is forced out of the reservoir shaft. 

4.1.2 Induced Seismic Activity 

Induced seismic activity caused by daily air pressure cycling is a remote 

liability source, but one with potentially high consequences. Little is cur- 
rently known about the likelihood of this possibility and the potential magni- 
tude of activity and effects. The likelihood can be minimized by careful site 



selection and control of the pressure exerted on underground s t r a t a .  Location 
a t  a s i t e  without minor f a u l t s  or discont inui t ies  may be d i f f i c u l t ,  however. 

4 . 1 . 3  Groundwater Contamination 

A CAES fac i  1 i t y  can potenti a1 ly  contaminate or otherwise damage ground- 
water in several ways. The r isk of l i a b i l i t y  i s  especially great  i f  the ground- 
water damaged i s  an exis t ing or potential  source of potable water. When an 
aquifer i s  u t i l ized  f o r  a i r  storage, chemical contamination can be induced by 
introduction of oxygen and carbon dioxide. Contamination can be enhanced by 
the heat of compression, which will warm the reservoir to  some extent. Improper 
casi ng or inadequate ch 1 or i nat i on can damage groundwater qua 1 i ty. An aquifer 
can a1 so be contami nated by the introduction of microorgan isms. These e f fec t s  
can harm the CAES operation by reducing aquifer permeability and increasing 
equipment corrosion rates .  Damage to other aquifer users or potential  users i s  
also possible. 

Other damage to groundwater can occur no matter what type of a i r  storage 
medium i s  used. Air escaping from CAES can potent ial ly  mix with natural gas 
and lead to  groundwater contamination. Escaping a i r  can also potent ial ly  a l t e r  
artesian flow and the capacity of exis t ing wells. 

Subsidence 

Ground subsidence i s  another low probabili ty source of l i a b i l i t y ,  b u t  one 
tha t  merits much attention. I t  can potent ial ly  be induced by construction of 
the underground a i r  storage chamber, material fa t igue caused by temperature and 
pressure cycling, and by mineral so lubi l i ty  enhanced by CAES operations. 

4.1.5 Surface Activi t ies  

Potenti a1 l i  abi 1 i t y  can r e su l t  from several surface-re1 ated a c t i v i t i e s .  
Dril l ing and injection a c t i v i t i e s  and f o s s i l  fuel handling are possible l i a b i l -  
i t y  sources. Examples include o i l  s p i l l s  or damage caused by noise and vibra- 
tion. These a c t i v i t i e s  are f a i r l y  routine though, and l i a b i l i t y  i s  not l ike ly  
i f  ordinary care is taken. Transport and disposal of hard-rock cavern waste or 
s a l t  brine are less  conventional ac t iv i t i e s  and present a greater r i sk .  Liabil-  
i t y  can r e s u l t  from such things as s p i l l s  affecting adjacent lands, erosion 
precipitated by CAES ac t iv i t i e s ,  and contamination of surface water bodies. 



Any o f  the above phenomena can r e s u l t  i n  s i g n i f i c a n t  physical  damage t o  

the CAES f a c i l i t y  and poss ib ly  t o  the manpower employed there. I f  the CAES 

f a c i l i t y  i s  unable t o  operate f o r  a per iod o f  t ime whi le  repa i rs  are being 

made, expensive peaking power w i l l  have t o  be generated or purchased else-  

where. Beyond these important concerns, the p o s s i b i l i t y  o f  damage and conse- 

quent l i a b i l i t y  t o  t h i r d  pa r t i es  res id ing  i n  the v i c i n i t y  o f  the CAES f a c i l i t y  

ex is ts .  Damage could take the form o f  a contaminated or  diminished capaci ty 

we l l  or poss ib ly  physical  damage caused by a blowout, induced seismic a c t i v i t y ,  

or  subsi dence . 

4.2 THEORIES FOR LIABILITY 

A v a r i e t y  o f  d i f f e r e n t  lega l  theor ies  can p o t e n t i a l l y  lead t o  l i a b i l i t y  i n  

a p a r t i c u l a r  s i tua t ion .  These theor ies  inc lude s t r i c t  l i a b i l i t y ,  negligence, 

nuisance, trespass, breach o f  a duty imposed by a statue or  regulat ion,  and 

w i  1 l f u l  misconduct. 

The CAES operator would poss ib ly  be held s t r i c t l y  l i a b l e  f o r  any i n j u r i e s  

or damage r e s u l t i n g  from the CAES operat ion regardless o f  whether he was a t  

fau l t .  I n j u r i e s  t o  any employee o f  the CAES ownerloperator would be handled on 

a no- fau l t  basis under the usual s ta te  workmen's compensation scheme. For 

damage t o  t h i r d  par t ies ,  l i a b i l i t y  would most l i k e l y  be based on the theory 

t h a t  s t r i c t  l i a b i l i t y  should be imposed f o r  escapin inanimate forces from 

extra-hazardous or  abnormally dangerous a c t i v i t i e s  S t r i c t  1 i abi 1 i t y  

f o r  i n j u r i e s  r e s u l t i n g  from abnormally dangerous or non-natural a c t i v i t i e s  

stems from the 1868 Engl ish case o f  Rylands v. Fletcher.  Most states have 

now accepted the theory. Under the theory, l i a b i l i t y  can be imposed wi thout  

proof  o f  negligence. The a c t i v i t y  o f  a CAES operat ion ( i .e., underground 

storage o f  a i r  under pressure) probably would be considered by a cour t  t o  be 

abnormally dangerous and hence the CAES operator should be s t r i c t l y  l i a b l e  f o r  

damage t o  others. For example, i n  a C a l i f o r n i a  case a d r i l l e r  was he ld  

t o  be l i a b l e  when h i s  d r i l l i n g ,  even though apparently carefu l ,  resu l ted  i n  a 

blowout t h a t  damaged nearby property. 

An in ju red  p l a i n t i f f  might a lso c la im l i a b i l i t y  based on the theor ies  o f  

negligence, nuisance, or trespass. I n  pract ice ,  a l l  o f  these theor ies  p lus  

s t r i c t  l i a b i l i t y  might be pleaded. An act ion based on the negligence o f  the 



CAES operator would attempt to  show his f a i lu re  to  meet an obligation or duty 
to conduct his operations in a manner to  protect others against unreasonable 
r i sks .  The p la in t i f f  in such an action would have to  show tha t  f a i l u r e  t o  meet 
t h i s  duty of obligation led to  his actual loss or damage. ( 137 )  

A nuisance theory i s  a f lex ib le  theory available to  a p l a in t i f f  damaged by 
a CAES operation. A nuisance i s  a substantial  harm t o  a r ight  of another and 
i s  c lass i f ied  e i the r  as public or private.  A public nuisance i s  an unreason- 
able interference w i t h  a r ight  common to the general public. A private n u i -  

sance is unreasonable interference with the use and enjoyment of a property 
r igh t  ( a  groundwater r ight  i s  a property r i g h t ) .  To const i tute  a nuisance, the 
interference must be substantial  and unreasonable. Intentional or negligent 
interference need not be shown. I t  i s  often d i f f i c u l t  t o  predict  whether a 
par t icu lar  ac t iv i ty  will  cause substantial  and unreasonable harm. However, the 
case law suggests tha t  the presence of the following elements will  increase the 
likelihood of recovery: (138 1 

1. The harm i s  continuous or produces long-lasting ef fec ts .  

2. The harm would have been incurred by anyone in the p l a i n t i f f ' s  posi- 
tion ( i  .e., the p l a in t i f f  i s  not peculiarly vulnerable). 

3 .  The p l a i n t i f f ' s  use of his  property r ight  preceded the CAES 

operati on. 

All of these elements need not be present for  the p l a in t i f f  t o  prevail .  Sig- 
nif icant ly,  recovery under a nuisance theory may be possible even i f  the CAES 
operator i s  complying with a l l  applicable regulations and permits. 

The trespass theory i s  l ikely to be leas t  helpful t o  a p l a i n t i f f .  In 
appropriate cases, however, the theory can support and i n  e f fec t  coexist w i t h  a 
negligence and/or nuisance theory. The basis of the theory i s  an intentional 
invasion of the p l a i n t i f f ' s  in te res t  in the exclusive possession of 
property. (139) 

A p la in t i f f  can seek a variety of remedies in a case where damage i s  
claimed, and a court has wide discretion to  select  among the remedies sought. 
A comnon remedy i s  t o  award monetary damages. If the defendant's ac t iv i ty  i s  
permitted to continue when the harm i s  very l ikely to  be continuous, the 



r e s u l t ,  i n  e f f e c t ,  i s  a j u d i c i a l l y  conferred power o f  eminent domain on the  

CAES operator .  Another o p t i o n  i s  t o  f o r c e  t h e  defendant t o  add a d d i t i o n a l  

equipment or  operate i n  such a manner t h a t  damage i s  reduced. I n  appropr ia te  

cases, t h e  remedies can be combined. 

4.3 MITIGATION OF LIABILITY 

A CAES operator  can take steps t o  minimize t h e  p o s s i b i l i t y  o f  f u t u r e  

l i a b i l i t y .  N a t u r a l l y  t h e  f i r s t  step i s  t o  gain as much in fo rmat ion  as poss ib le  

p r i o r  t o  implementation and cons t ruc t i on  about the  technology, t h e  a i r  storage 

medium, and p o t e n t i a l  r i s k s  p r i o r  t o  implementation and const ruc t ion .  Sound 

design and engineer ing based on t h i s  i n fo rma t ion  i s  the  best  p r o t e c t i o n  against  

poss ib le  l i a b i  l i t y .  A second obvious precaut ion  i s  t o  purchase appropr ia te  

l i a b i l i t y  insurance. One study has determined t h a t  aboveground cons t ruc t i on  

and opera t iona l  aspects and underground cons t ruc t i on  aspects o f  CAES technology 

are fami 1 i ar operat ions and should not  present insurance d i f f i c u l t i e s .  ( 140 

The opera t iona l  aspects o f  underground CAES are less  f a m i l i a r  bu t  analogies i n  

coverage provided f o r  underground storage o f  o i l  and n a t u r a l  gas e x i s t .  

Although s p e c i f i c  r a t e s  would necessar i l y  have t o  be determined on a s i t e  and 

technology s p e c i f i c  basis, t he  study concludes t h a t  t he  r i s k  exposure f rom CAES 

technology i s  such t h a t  u t i l i t i e s  w i  11 f i n d  t h a t  convent ional  insurance 

coverage w i l l  be ava i lab le .  

Beyond the  steps o f  good design and engineer ing and ob ta in ing  adequate 

insurance coverage, o ther  s p e c i f i c  means e x i s t  t o  minimize the  p o s s i b i l i t y  o f  

l i a b i l i t y  t h a t  the CAES operator  might consider. Examples are suggested below. 

One step would be t o  take water samples f rom a l l  nearby w e l l s  p r i o r  t o  

operat  i on. (14') Th is  s tep would serve t h e  dual f u n c t i o n  o f  in forming the  

CAES operator  o f  e x i s t i n g  groundwater q u a l i t y  and may a l so  help t o  c l a r i f y  any 

l a t e r  disagreements on a l leged degradation caused by t h e  CAES operat ion.  This 

step seems e s p e c i a l l y  prudent  w i t h  an aquifer-based CAES system, bu t  a l so  may 

be wise f o r  hard-rock o r  sa l t - depos i t  based systems. 

A second step t o  m i t i g a t e  poss ib le  f u t u r e  l i a b i l i t y  i s  t o  prov ide  w r i t t e n  

n o t i c e  o f  the CAES opera t ion  t o  everyone ho ld ing  an i n t e r e s t  i n  t h e  land u t i -  

l i z e d  by t h e  CAES f a c i l i t y .  Th is  step should be taken f o r  t e s t  s i t e s  and s i t e s  



abandoned a f t e r  use. Not ice o f  t he  CAES opera t ion  should be g iven t o  e x i s t i n g  

owners and any t rans ferees o f  t h e  u t i l i t y .  I d e a l l y ,  n o t i f i c a t i o n  should be 

recorded i n  any document o f  t r a n s f e r  o r  separa te ly  i n  t h e  appropr ia te  county 

land records so t h a t  cons t ruc t i ve  n o t i c e  o f  t h e  CAES opera t ion  i s  p rov ided t o  

f u t u r e  owners. Not ice should reduce the  p o s s i b i l i t y  o f  any f u t u r e  c l a i m  o f  

damage based on "hidden defec ts"  r e s u l t i n g  f rom t h e  CAES operat ion.  Sect ion 

353 o f  t he  Restatement o f  To r t s  (Second) prov ides  t h a t  a vendor o f  r e a l  

e s t a t e  i s  under a  duty  t o  d i sc lose  t o  t h e  vendee any concealed cond i t i ons  t h a t  

are known t o  him and t h a t  i n v o l v e  an unreasonable danger t o  t h e  h e a l t h  o r  

s a f e t y  o f  those upon t h e  premises, and which he may a n t i c i p a t e  t h a t  t h e  vendee 

w i l l  no t  discover. One example danger i s  t h e  concern some have i f  a  storage 

medium p r e v i o u s l y  used f o r  CAES t e s t i n g  o r  opera t ion  i s  subsequently used f o r  

n a t u r a l  gas storage. Trapped a i r  can apparent ly  form an exp los ive  mixture,  i n  

some cases when mixed w i t h  n a t u r a l  gas. A second example danger i s  i l l u -  

s t r a t e d  by t h e  accident  t h a t  occurred i n  November 1980 when an o i l  d r i l l i n g  r i g  

punctured a  s a l t  mine s h a f t  under Lake Peigneur i n  Louisiana, sending much o f  

t he  1.5 acre l ake  down t h e  d r i l l  ho le.  ( 144 ) 

A t h i r d  p o s s i b l e  m i t i g a t i n g  s tep i s  t o  consider  t h e  purchase o f  a l l  land 

p o t e n t i a l l y  a f f e c t e d  by t h e  CAES operat ion.  Land not  needed f o r  sur face opera- 

t i o n s  cou ld  then be leased f o r  a c t i v i t i e s  u n l i k e l y  t o  be a f f e c t e d  by t h e  CAES 

o p e r a t i  ons. 

Another s tep  i s  t o  consider t h e  cos t  e f fec t i veness  o f  l i n i n g  sur face b r i n e  

ho ld ing  rese rvo i r s .  Th is  step would be cos t l y ,  bu t  would s u b s t a n t i a l l y  reduce 

the  p o s s i b i l i t y  o f  l i a b i l i t y  r e s u l t i n g  f rom s p i l l s .  



ACQUISITION OF PROPERTY FOR CAES IMPLEMENTATION 

5.1 PROPERTY RIGHTS NEEDED FOR STORAGE AND RECOVERY 

In addition to obtaining necessary regulatory permits, the CAES owner also 
requires assurance tha t  he has the r ight  to  s tore ,  protect,  and recapture the 
compressed a i r  energy resource. He must also determine whether property in te r-  
e s t s  should be purchased to  reduce the poss ib i l i ty  of future l i a b i l i t y .  The 
real property r ights  tha t  must be acquired to  achieve these objectives are the 
subject of t h i s  section. Background information on the ownership of under- 
ground space is included i n  Appendix B.  

The extent of property r ights  tha t  should be purchased will not always be 
c lear ,  although i t  most l ikely wil l  depend on several factors  including the 
extent of perceived l i a b i l i t y ,  how the bundle of ownership r ights  to  the 
desired land has been broken up, the applicable s t a t e  law and the extent of 
uncertainty in the law, and the re la t ive  cost of acquiring desired property 
r ights .  Complicating factors  such as multiple owners and/or unwilling s e l l e r s  
can occur. In most cases, the CAES owner/operator will be able t o  obtain the 
desired property r ights ,  although the acquisition process may be slow. 

One advantage of a CAES power generating system is that  i t  does not neces- 
s a r i l y  have to be located near a base-load power plant or a load center. 
Because the location can be selected using several decision c r i t e r i a  (one of 
which wi 11 naturally be e l e c t r i c  power transmission cos t ) ,  re la t ive ly  inexpen- 
sive rural  land may be selected for  a CAES operation. In t h i s  case, acquisi- 
tion of desired property r ights  may be relat ively inexpensive, especially in 
comparison to  to t a l  project costs.  The time investment and the public rela-  
tions aspect of acquiring land may t h u s  be as important as the purchase cost. 
Ordinarily land needed for  the s i t e  would be purchased outright.  When the 
desired quantity of land is not available and/or there are multiple owners and 
unwilling s e l l e r s ,  consideration of options other than outright purchase may be 
warranted. 

The bundle of property r ights  associated with a surface parcel of land can 
be divided in various ways. If the landowner retains  a l l  possible property 
r ights ,  he i s  said to  have a fee simple absolute interest .  O u t  of t h i s  



interest he can carve o u t  such interests as easements, leaseholds, mineral 

rights, air space rights, and future interests in the property. 

The minimum property right the CAES owner/operator will need t o  acquire is  
sufficient surface rights for physical access; injection, withdrawal, and obser- 
vati on we 11 s; compressors and power generating equipment; holding ponds; and 

transmiss'ion lines. Ordinarily this will involve purchase of a fee simple 
property interest sufficiently large t o  accomnodate all  of these needs. The 
desired interest can also possibly be obtained by purchasing an easement or 
through a long-term lease agreement. In all  cases the right t o  dr i l l  wells and 

the assurance t h a t  the acquired property rights extend into the future a t  least 
as long as the project's planned l i fe  must be included. If acquisition of the 
surface right will interfere with a prior lease agreement or the implied sur- 
face access interest of a mineral estate holder, surface access must also be 
purchased from these parties. 

In most cases, the CAES owner/operator will also want t o  acquire the 
groundwater and mineral rights for a l l  land over the air storage medium. This 
acquisition is desirable principally t o  eliminate possible interference with 
CAES operations. A second reason is to reduce the possibility of future l iabil-  
i ty for such things as alleged groundwater contamination. In exceptional cases 
the mineral rights may be too difficult  t o  acquire or may be considered worth- 
less or dormant. In this situation the potential risks of nonpurchase can be 
weighed against the difficulty or  fu t i l i ty  of purchase. 

In actual practice the CAES owner/operator wi 11  probably want to purchase 
a fee simple interest for a l l  land overlying the air  storage medium and any 
additional land needed for surface activities. This purchase should be entirely 
feasible for CAES i n  sa l t  deposits and hard rock, where the total land required 
should not  exceed several hundred acres. For aquifer storage, total land 
requirements can potentially be on the order of two thousand acres. In this  
case, alternatives t o  fee simple purchase may want t o  be considered either t o  
save money and/or because the total required land cannot be obtained for some 

reason. One possible alternative would be the purchase of an underground air  
storage easement for land utilized for air  storage b u t  not needed for surface 
activities. A second alternative would be t o  negotiate a long-term lease 
agreement with the surface owner and possibly the mineral estate holder. The 



storage rights for land where drilling could adversely affect the CAES project 
may also be considered for acquisition. The easement or lease would ordinarily 
be structured to include a covenant by the transferor/lessor not to utilize 
groundwater or conduct dr i 1 ling. 

The three CAES projects being investigated under combined DOE-EPRI-utility 
sponsorship illustrate some of the property concerns. The salt-dome air-storage 
site located in Mississippi and being investigated by Middle South Utilities 
will use a cavern located 3100-4500 feet below the surface. About 100 
acres over the air storage will be needed for surface activities. (I47] pur- 
chase of this land is being contemplated. The hard-rock CAES site located in 
Maryland and being investigated by Potomac Electric Power Co. wi 11  use a cavern 
about 2300 feet below the surface. (74) Surf ace area requirements, including 
land for a compensating reservoir, are estimated to be about 310 acres. ( 148 
Purchase of the land is also being contemplated. The aquifer-based CAES system 
is being investigated by Public Service Indiana. Although a final test site 
has not been selected, it is estimated that the depth to the air storage reser- 
voir will be about 1800 feet. (14') The land area over the air storage bubble 
for a 1000 MWe facility will be on the order of 2000 acres. (150) Additional 
property between the limits of the air-storage area and the lowest closed under- 
ground contour (the spi 1 lpoint contour) may also require protection. The 
investigators contemplate that a fee simple property right to the 2000 acres 
will be purchased and that a storage easement for the remainder of the spill- 
point will be acquired. 

5.2 EXERCISE OF EMINENT DOMAIN 

The principal and preferred way for the CAES owner/operator to obtain 
needed property rights wi 11 be through negotiated purchase. In some cases, the 
party owning the desired property rights may not wish to sell, and exercise of 
the power of eminent domain, if available, may be needed. 

States can exercise the power of eminent domain as an incident of their 
sovereign power. The Fifth Amendment to the U.S. Constitution requires the pay- 
ment of compensation for property taken and is applicable to the states either 
through the Fourteenth Amendment or through provisions in state constitutions. 
States may delegate the power of eminent domain by appropriate legislation to 



units of local government and even to  privately owned e n t i t i e s .  All takings 
must be f o r  a public use. Court interpretat ions of what is and i s  not a public 
use vary. However, with appropriate leg is la t ive  authority, property r ights  con- 
demned fo r  a CAES project most l ikely would be found to be taken f o r  a public 
use. Publicly owned property may even be condemned, again with appropriate 
leg is la t ive  authority, if the proposed use i s  superior to  the exis t ing use of 
the property. 

In many s t a t e s ,  natural gas u t i l i t i e s  have been delegated the power of emi- 
nent domain for  gas storage. (l5') This legis lat ion provides an appropriate 
analogy and precedent f o r  extension of the power to  CAES owner/operators. The 
extension would require special legis lat ion unless the owner/operator already 
had the necessary authority. 

When property i s  condemned, the condemnor may generally take only the 
in t e res t  reasonably necessary to  allow the purpose of the project t o  be f u l -  
f i l l e d .  For subsurface storage, an easement may be suf f ic ien t .  

The condemnee in an eminent domain action is en t i t led  to  just compensa- 
tion. "Just compensation" i s  often defined to  be the cash fair-market value of 
the highest and best use of the property taken. Just  compensation ordinari ly  
requires tha t  the condernnee be p u t  in the same monetary position as he would 
have been had his property not been taken. This approach ef fec t ive ly  precludes 
a single private owner from holding out fo r  a "windfall" s a l e  i f  his property 
i s  needed f o r  a project.  

Condemnation of underground storage space alone may be qui te  inexpensive 
if the condemnee cannot show damage. For example, in one case a natural gas 
transmission company was able to  condemn an easement i n  underground s t r a t a  f o r  
"no dol lars .  11(152) If groundwater r ights  are taken, compensation hi 11 ordi- 
nar i ly  have to be paid. A variety of problems ar ise  i n  water r igh t s  valuation 
and several approaches to  valuation are avai lable. The physical proper- 
t i e s  of the water r ight  must f i r s t  be quantified. The value of the water must 
then be estimated. One approach i s  t o  look a t  markets where water r ights  are 
traded. A second approach i s  to consider the value of the land with and with- 
out the water r i g h t .  
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APPENDIX A 

BACKGROUND INFORMATION ON GROUNDWATER LAW (154) 

Four p r i n c i p a l  types o f  groundwater r i g h t s  e x i s t :  1) appropr i  a t i ve ,  

2 )  over ly ing ,  3) p r e s c r i p t i v e ,  and 4)  pueblo. The l a t t e r  two are o f  

l i m i t e d  importance. P r e s c r i p t i v e  r i g h t s  are vested r i g h t s  t o  use a l i m i t e d  

groundwater supply acquired a f t e r  cont inuous water use f o r  a pe r iod  es tab l ished 

by s ta tu te ,  o f t e n  7 t o  10 years. Pueblo r i g h t s  are t h e  r i g h t s  o f  communities 

i n  the  southwest as successors t o  Spanish o r  Mexican pueblos t o  use waters 

n a t u r a l l y  present  w i t h i n  t h e  o l d  pueblo l i m i t s .  

Appropr ia t ive  groundwater r i g h t s  e x i s t  i n  most western s ta tes .  The r i g h t s  

are genera l l y  acquired by pe rm i t  f rom a s t a t e  water agency and are a l l o c a t e d  on 

a f i r s t  i n  t i m e - f i r s t  i n  r i g h t  basis,  as i s  t h e  case w i t h  sur face approp r ia t i ve  

r i g h t s .  I n  t imes o f  water shortage, t h e  j u n i o r  app rop r ia to r  i n  t ime i s  t h e  

f i r s t  t o  have h i s  water r i g h t  c u t  back. 

Over ly ing  r i g h t s  predominate i n  the  eastern and midwest s tates.  The 

r i g h t s  de r i ve  f rom t h e  common ( judge made) law and e x i s t  i n  th ree  forms: t h e  

Eng l i sh  r u l e  o f  absolute ownership, the  American r u l e  o f  reasonable use, and 

t h e  r u l e  o f  c o r r e l a t i v e  r i g h t s .  The Eng l i sh  r u l e  o f  absolute ownership i s  

analogous t o  the  nonownership r u l e  i n  o i l  and gas law. Under t h i s  r u l e  t h e  

o v e r l y i n g  landowner has u n l  i m i  t ed  access t o  water under h i s  land, bu t  does n o t  

own it u n t i l  capture. Only a few s ta tes  accept t h i s  r u l e .  The American r u l e  

o f  reasonable use i s  more comnon and i s  s i m i l a r  t o  t h e  Eng l ish  r u l e  w i t h  t h e  

added p r o v i s i o n  t h a t  the  water cannot be unreasonably ex t rac ted  o r  unreasonably 

harm t h e  underground aqu i fe r .  C o r r e l a t i v e  r i g h t s  stem f rom a 1903 C a l i f o r n i a  

case and prov ide t h a t  t he  r i g h t s  o f  every water user are t o  be c o r r e l a -  

t i v e  w i t h  t h e  r i g h t s  o f  every other  user. The c o r r e l a t i v e  r i g h t s  r u l e  i s  no t  

e n t i r e l y  l i m i t e d  t o  C a l i f o r n i a .  Several other  s ta tes  f o l l o w i n g  t h e  American 

r u l e  have added a shar ing  requirement t o  t h e  reasonable use doct r ine .  The 

reasonable use and c o r r e l a t i v e  r i g h t s  r u l e s  are analogous t o  t h e  q u a l i f i e d  

ownership r u l e  o f  o i l  and gas law discussed i n  Appendix B. 
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APPENDIX B 

BACKGROUND INFORMATION ON OWNERSHIP 
AND USE OF UNDERGROUND  SPACE'^'^) 

Under the English comnon law, a surface landowner was considered to also 
own everything vert ical ly upward and downward from his land. This rule  f i r s t  
appeared in an English case in 1586, b u t  had i t s  origins in other law systems 
several hundred years ea r l i e r  .(157) As applied to  a i r  space, the rule  began 
to break down with the coming of airplanes. The U.S. Congress in the Air Com- 
merce Act of 1926 and the Civil Aeronautics Act of 1938 declared a public r ight  
to  freedom of t r ans i t  within the navigable a i r  space. The landowner d i d  not 

lose a l l  aboveground property r ights ,  however. In a leading 1946 case, the 
Supreme Court required compensation to be paid to a landowner who suffered 
damage to his poultry business because of low-flying government a i r c ra f t .  (158) 
The Court stated tha t  'the landowner owns a t  least  as much of the space above- 
ground as he can occupy or use i n  connection w i t h  the land." 

The law for  underground space has not developed to  the same extent as tha t  
for  aboveground, although i t  appears t o  be heading i n  the same direction. For 
example, several court cases i n  New York State  have awarded only minimal dam- 
aqes to surface owners for subway tunnels constructed a t  considerable depth - - 
(e.g., more tha t  100 f e e t )  under the land. Another case found no inva- - ~ 

sion of property rights for a sewer 150 fee t  below the surface. U.S. 
mining law generally provides tha t  the owner of the r ights  to the highest point 
of a mineral vein owns the en t i r e  vein even i f  i t  extends beyond the horizontal 
boundaries of the original claim.(157) These cases support the notion tha t  
vert ical  ownership i s  not absolute, b u t  rather i s  conditioned on what space the 
surface owner can actually u t i  1 ize. 

Underground storage rights i n  oi l  and natural gas law provide an interest-  
ing analogy fo r  CAES. The current prevailing ru le  appears to be tha t  gas can 
be stored under another's ground as long as compensation i s  paid. Three pos- 
sible  theories for  relating underground o i l  and gas to  the property rights of 
the surface owner have been advanced: (159 



1. nonownership - O i l  and gas are incapable o f  ownership u n t i l  reduced 

t o  possession. 

2 .  q u a l i f i e d  ownership - Landowners have c o r r e l a t i v e  r i g h t s  i n  an under- 

ground o i l  and gas rese rvo i r .  

3 .  ownership i n  p lace - The nature  o f  t he  sur face owner's i n t e r e s t  i n  

o i l  and gas i s  t h e  same as f o r  s o l i d  minerals.  

A l l  o f  t he  theo r ies  have been advanced by s t a t e  cou r t s  a t  one t ime o r  another; 

however, t h e  dec is ions  are not  always cons is tent .  The t h i r d  theo ry  i s  t h e  most 

common, fo l lowed by 1 and then 2. Under theo ry  1, an e a r l y  Kentucky case con- 

cluded t h a t  n a t u r a l  gas s tored under another 's  p roper t y  was no t  a trespass, b u t  

t h a t  t he  gas was sub jec t  t o  capture. (160) More recent  cases have r e j e c t e d  

t h i s  view and have he ld  t h a t  gas a r t i f i c i a l l y  s tored underground i s  no t  sub jec t  

t o  capture. (16') I n  the  l a t e r  instance, however, compensation must be p a i d  

t o  t h e  sur face and/or minera l  owner f o r  t h e  r i g h t  t o  s tore .  Case law i s  mixed 

on whether the  sur face o r  minera l  owner o r  both i s  e n t i t l e d  t o  payment. (162 ) 

O i l  and gas law thus  seems t o  be developing s i m i l a r l y  t o  t h e  law o f  a i r  space. 

Ownership o f  t h e  space beneath the  sur face owner's land i s  recognized. How- 

ever, t h e  sur face owner cannot i n t e r f e r e  w i t h  a reasonable underground use such 

as gas storage. However, the  owner i s  genera l l y  e n t i t l e d  t o  compensation f o r  

use o f  t h e  underground space. Un l i ke  t h e  a i r  space, sewer, and subway cases 

t h i s  i s  apparent ly  t r u e  even when the  sur face owner cannot make e f f e c t i v e  use 

o f  t h e  storage space. Th is  outcome s t r o n g l y  suggests t h a t  someone d e s i r i n g  t o  

s t o r e  n a t u r a l  gas (and perhaps by analogy compressed a i r )  might  j u s t  as w e l l  

nego t ia te  t h e  purchase o f  a storage easement i f  storage r i g h t s ,  b u t  no t  sur face 

r i g h t s ,  are needed. 

Underground storage o f  water a1 so prov ides  an i n t e r e s t i n g  analogy f o r  t h e  

CAES concept. Underground water storage has been u t i l i z e d  i n  C a l i f o r n i a  f o r  

many years, and t h e  law the re  i s  cons iderab ly  more developed than i n  o ther  

s ta tes .  A t  l e a s t  f o r  p u b l i c  water agencies, t he  law i n  C a l i f o r n i a  now 

permi ts  t h e  storage o f  water underground and t h e  r i g h t  t o  p r o t e c t  and recapture  

the  stored water. Moreover, these r i g h t s  can be exerc ised w i thou t  paying com- 

pensat ing over l y i n g  1 andowners. The most important  case e s t a b l  i s h i n g  these 



r i g h t s  i s  N i l e s  v. Alameda Water ~ i s t r i c t . ' ' ~ ~ )  I n  t h i s  case, t h e  p l a i n -  

tiff, Ni les ,  sued t h e  defendant Water D i s t r i c t  f o r  damages caused by impairment 

o f  quar ry  operat ions due t o  a r i s i n g  water t a b l e  caused by underground water 

storage. The C a l i f o r n i a  Court o f  Appeal found f o r  t h e  Water D i s t r i c t  and based 

i t s  dec is ion  on the exis tence o f  a p u b l i c  se rv i tude  f o r  groundwater storage and 

conservat ion. The c o u r t  a l so  found t h a t  t h e  storage operat ions were a noncom- 

pensable exerc ise  o f  t he  D i s t r i c t ' s  p o l i c e  power. The c o u r t  d i d  suggest, how- 

ever, t h a t  compensation would have been appropr ia te  i f t h e  water l e v e l  had 

r i s e n  above the  h i s t o r i c a l  water tab le .  The N i l e s  dec is ion  i s  e s p e c i a l l y  

remarkable because C a l i f o r n i a  had c o d i f i e d  t h e  comnon law r u l e  t h a t  t h e  sur face 

landowner owns subsurface space. The C a l i f o r n i a  C i v i  1 Code ( s e c t i o n  829) pro-  

vides t h a t  " the owner o f  land i n  f e e  has t h e  r i g h t  t o  t h e  sur face and t o  every-  

t h i n g  permanently s i t u a t e d  beneath or  above it." Sect ion 659 o f  t h e  same Code 

def ines  land as i n c l u d i n g  " f r e e  or  occupied space f o r  an i n d e f i n i t e  d is tance 

upwards as we l l  as downwards." 

A second C a l i f o r n i a  case, City o f  Los Angeles v. City o f  San 

Fernando, es tab l ished the  r i g h t  o f  a p u b l i c  water agency t o  s t o r e  

water underground and t o  recapture  t h e  water l a t e r .  Th is  r i g h t  e x i s t s  regard-  

less  o f  whether p r i o r  recapture i n t e n t  ex is ted,  whether t h e  water t o  be recap- 

t u r e d  can be i d e n t i c a l l y  t raced t o  t h e  water stored, o r  whether t h e  s t o r i n g  

agency a c t u a l l y  serves the  area over l y i n g  t h e  un.derground basin. 

I n  a 1971 r e p o r t  f o r  t h e  Nat iona l  Water Commission, one author advocated a 

s i m i l a r  r e s u l t  t o  t h e  C a l i f o r n i a  cases and concluded t h a t  the  law i n  most j u r i s -  

d i c t i o n s  would support the  r e s u l t .  S p e c i f i c a l l y  he concluded: 

1. A can s to re  water beneath B ' s  land w i thou t  acqu i r i ng  a r i g h t  t o  do so 

whether or  no t  A i s  a p u b l i c  agency. A must, however, indemnify B f o r  

damage. 

2. B cannot e x t r a c t  t he  water t h a t  A has s tored beneath B ' s  so i  1. 

The two Cal i f  o r n i a  cases p rov ide  an i n t e r e s t i n g  and p o t e n t i  a1 l y  va luab le  

precedent f o r  implementing the  CAES concept. If t h e  cases were t o  be fo l lowed 

and extended t o  a i r  storage, a p u b l i c  agency ( o r  perhaps even a p r i v a t e  e n t i t y  

i f  the above c i t e d  author i s  c o r r e c t )  p o s s i b l y  cou ld  s t o r e  compressed a i r  under- 

ground and be assured o f  t h e  exc lus i ve  r i g h t  t o  recapture  w i thou t  compensating 



overlying landowners. There are obvious problems with relying too strongly on 

the analogy, however. F i r s t ,  there i s  no guarantee the r e su l t  would apply t o  

CAES. Second, compensation may have to  be paid i f  groundwater or mineral r ights  

are impaired. Third, the a b i l i t y  of the CAES owner to prevent d r i l l i ng  into 

the CAES storage medium is uncertain. I n i t i a l  purchase of a storage easement 

would a l lev ia te  these problems. 
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