
X I V .  UNDERGROUND GAS STORAGE 

A. INTRODUCTION 

The s t o r a g e  of n a t u r a l  g a s  i n  underground f a c i l i t i e s  i n  New York S t a t e  i s  

done t o  meet t h e  c y c l i c  demand f o r  ene rgy  by t h e  consumer whi le  p rov id ing  a  

con t inuous  market f o r  produced g a s .  Gas is  l n j e c t e d  i n t o  t h e  s t o r a g e  

r e s e r v o i r  d u r i n g  t h e  warmer months when consumer demand i s  low and i t  i s  

withdrawn d u r i n g  t h e  peak w i n t e r  h e a t i n g  s e a s o n  t o  supplement t h e  e x i s t i n g  

supp ly .  F igure  14.1 d e t a i l s  consumer energy demand on a  s e a s o n a l  b a s i s .  

N a t u r a l  g a s  can be s t o r e d  i n  d e p l e t e d  g a s  r e s e r v o i r s ,  a q u i f e r s ,  d e p l e t e d  o i l  

r e s e r v o i r s ,  and s o l u t i o n  mzned s a l t  c a v e r n s .  L i q u e f i e d  Pet roleum Gas (LPG) i s  

s t o r e d  by p roducers  t o  meet f l u c t u a t i n g  o r  v a r i a b l e  demand whi le  d i s t r i b u t o r s  

u s e  s t o r a g e  f a c i l i t i e s  t o  supp ly  cus tomers  w i t h  a  c o n s t a n t  supp ly .  Large- 

s c a l e  consumers of LPG b e n e f i t  from bulk  s t o r a g e  by e n s u r i n g  themselves  of a  

c o n s t a n t  supp ly  d u r i n g  t i m e s  of s h o r t a g e .  LPG i s  s t o r e d  i n  s o l u t i o n  mined 

s a l t  c a v i t i e s ,  c o n v e n t i o n a l l y  mined c a v e r n s  i n  impervious  r o c k ,  and conf ined  

porous r e s e r v o i r s .  

P r e s e n t l y  i n  New York S t a t e  t h e r e  a r e  21 n a t u r a l  g a s  s t o r a g e  and t h r e e  

LPG s t o r a g e  f a c i l i t i e s  i n  o p e r a t i o n  a s  shown i n  F i g u r e  14.2. A l l  of t h e  

n a t u r a l  g a s  s t o r a g e  f i e l d s  u t i l i z e  d e p l e t e d  g a s  r e s e r v o i r s  most commonly found 

i n  t h e  Medina and Oriskany s a n d s t o n e s .  The o l d e s t  n a t u r a l  g a s  s t o r a g e  

f a c i l i t y  i s  t h e  Zoar F i e l d  i n  E r i e  county  which was s t a r t e d  i n  1916 (Van Tyne 

and F o s t e r ,  1980).  Depleted g a s  f i e l d s  a r e  t h e  popular  c h o i c e  f o r  s t o r a g e  

p r o j e c t s  because  t h e  r e s e r v o i r  p r o p e r t i e s  t h a t  were f a v o r a b l e  f o r  p roduc t ion  

a r e  a l s o  f a v o r a b l e  f o r  s t o r a g e .  They a r e  i n  c l o s e  p rox imi ty  t o  e x i s t i n g  

t r a n s p o r t a t i o n  f a c i l i t i e s  and most o l d  r e s e r v o i r s  o f f e r  a  l a r g e  p o t e n t i a l  

s t o r a g e  volume. Of t h e  t h r e e  e x i s t i n g  LPG s t o r a g e  f a c i l i t i e s ,  two a r e  i n  

abandoned s a l t  c a v i t i e s .  The t h i r d  and newest p r o j e c t  u t i l i z e s  a  mined 

s torage  cavern. The f o l l o w i n g  s e c t i o n s  d e t a i l  t h e  underground s t o r a g e  of  
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n a t u r a l  g a s  and LPG a s  i t  p e r t a i n s  t o  t h e  environment i n  terms of t h e  e x i s t i n g  

and proposed S t a t e  Regu la to ry  Program. 

B. STORAGE SITE SELECTION AND FORMATION EVALUATION 

1. Deple ted Gas R e s e r v o i r s  

A s  mentioned p r e v i o u s l y ,  a l l  21 n a t u r a l  g a s  s t o r a g e  f a c i l i t i e s  i n  New 

York S t a t e  u t i l i z e  d e p l e t e d  o r  p a r t i a l l y  d e p l e t e d  g a s  r e s e r v o i r s .  A t y p i c a l  

g a s  s t o r a g e  r e s e r v o i r  i s  shown i n  F i g u r e  14.3. S i t e  l o c a t i o n  i s  d i c t a t e d  by 

t h e  e x i s t i n g  r e s e r v o i r  l o c a t i o n .  T h i s  u s u a l l y  a f f o r d s  t h e  o p e r a t o r  a c c e s s  t o  

t r a n s p o r t a t i o n  f a c i l i t i e s  a s  w e l l  a s  any o p e r a t i o n a l  o r  i d l e  w e l l s .  The 

f e a s i b i l i t y  of t h e  proposed s t o r a g e  s i t e  i s  e v a l u a t e d  u s i n g  d a t a  o b t a i n e d  from 

prev ious  o p e r a t i o n s .  T h i s  d a t a  i n c l u d e s  g a s  r e s e r v o i r  volume, i n i t i a l  and 

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

and expec ted  g a s  d e l i v e r a b i l i t y .  

The geology of t h e  proposed s t o r a g e  a r e a  i s  s t u d i e d  c a r e f u l l y  t o  a s s e s s  

t h e  f e a s i b i l i t y  of  c o n t r o l l e d  g a s  s t o r a g e  and wi thdrawal .  The g a s  r e s e r v o i r  

l i m i t s  a r e  d e f i n e d  i n c l u d i n g  t h e  r e s e r v o i r  boundar ies  and t h e  t r a p p i n g  

mechanism which a l lowed o r i g i n a l  g a s  accumulat ion.  Because of t h e  h igh  c o s t  

of i n i t i a t i n g  a  s t o r a g e  p r o j e c t ,  o n l y  l a r g e r  c a p a c i t y  f i e l d s  w i t h  above 

average  p o r o s i t y  and p e r m e a b i l i t y  a r e  c o n s i d e r e d  (Van Tyne and F o s t e r ,  1980).  

For example, Oriskany sands tone  r e s e r v o i r s  a r e  w e l l  s u i t e d  f o r  s t o r a g e  because  

they  can  be o p e r a t e d  a t  h igh  p r e s s u r e s  which a l l o w s  l a r g e r  g a s  i n p u t  i n t o  a  

f i x e d  volume. They may be d r a i n e d  by fewer  w e l l s  and have r e l a t i v e l y  w e l l  

d e f i n e d  boundar ies .  

The p r e l i m i n a r y  t e s t i n g  program f o r  proposed s t o r a g e  i n  a  d e p l e t e d  g a s  

r e s e r v o i r  u s u a l l y  c o n s i s t s  of o b t a i n i n g  w e l l  head p r e s s u r e s  from e x i s t i n g  

w e l l s .  T h i s  a i d s  i n  d i s c e r n i n g  t h e  r e s e r v o i r  limits a s  w e l l  a s  d e f i n i n g  t h e  

c u r r e n t  r e s e r v o i r  p r e s s u r e .  Normally, no new w e l l s  a r e  d r i l l e d  d u r i n g  t h i s  
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phase. 

2 .  -- So lu t ion  Mined S a l t  C a v i t i e s  

Two of t h e  t h r e e  c u r r e n t  LPG s to rage  f a c i l i t i e s  i n  New York S t a t e  a r e  i n  

s a l t  c a v i t i e s  c r e a t e d  by s o l u t i o n  mining ope ra t i ons .  The s a l t  i s  contained i n  

beds which r e s u l t s  i n  an i r r e g u l a r  c a v i t y  shape a s  shown i n  F igure  1 4 . 4 .  See 

t h e  chapter  on s o l u t i o n  mining ope ra t i ons  f o r  a  d i s cus s ion  of t h i s  process  

inc lud ing  t h e  S t a t e ' s  Regulatory Program. S i t e  s e l e c t i o n  of a  proposed 

s t o r a g e  f a c i l i t y  depends upon t h e  s a l t  c a v i t y  l o c a t i o n .  Some f l e x i b i l i t y  does 

e x i s t  a s  t h e  ope ra to r  may c r e a t e  a  s a l t  cavern i n  a  more d e s i r a b l e  l o c a t i o n ,  

but  t h e  a d d i t i o n a l  expense can be p r o h i b i t i v e .  

The s a l t  c a v i t y  must be a t  a  depth s u f f i c i e n t  enough t o  balance t h e  vapor 

p re s su re  of t h e  product being s t o r e d  (Marks, 1 9 8 3 ) .  This  ensures  s a f e  

ope ra t i on  of t h e  c a v i t y  a t  maximum p re s su re s  without  t h e  danger of l e aks  and 

gas  migra t ion  out  of t h e  s t r u c t u r e .  

Since t h e  d a t a  ob ta ined  from previous ope ra t i ons  i s  s u f f i c i e n t  f o r  

eva lua t ion  of t h e  s to rage  c a v i t y ,  no new w e l l s  a r e  d r i l l e d  during t h i s  phase. 

3 .  Convent ional ly  Mined Storage Caverns ----- 

The newest LPG s t o r a g e  p r o j e c t  i n  New York S t a t e  i s  t h e  mined s to rage  

cavern a t  Watkins Glen opera ted  by Texas Eas t e rn  Products P i p e l i n e  Company. 

This  f a c i l i t y  became o p e r a t i o n a l  i n  1 9 8 4 .  Since t h e  i d e a l  cavern s t o r a g e  rock 

i s  an impervious g r a n i t e ,  s h a l e ,  o r  a  deep s a l t  bed wi th  no permeabi l i ty ,  a  

s t o r a g e  s i t e  i s  chosen based on the  ex i s t ence  of t h e s e  formations.  Figure 

1 4 . 5  i s  a  c ros s - sec t ion  of t y p i c a l  mined s t o r a g e  cavern. S p e c i f i c a l l y ,  t h e  

p o t e n t i a l  cavern formation must be a t  a  s u f f i c i e n t  depth t o  c o n t r o l  t h e  vapor 

pressure  of t h e  s t o r e d  subs tance ,  i t  must be a r e a l l y  ex tens ive  s o  a s  t o  a l low 

s to rage  of commercial q u a n t i t i e s  of product ,  and i t  must be almost homogeneous 

wi th  no secondary, permeabi l i ty  o r  communicating f r a c t u r e s  (Marks, 1 9 8 3 ) .  

I n  order  t o  adequately a s s e s s  t h e  p o t e n t i a l  s t o r age  rock,  t e s t  we l l s  a r e  
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d r i l l e d  and convent iona l  c o r e  samples a r e  recovered from t h e  s t o r a g e  rock and t h e  

surrounding format ion.  I f  t h e  cavern  proves f avo rab l e  f o r  s t o r a g e ,  t h e s e  

w e l l s  w i l l  e i t h e r  be conver ted  f o r  i n j ec t i on /w i thd rawa l  o r  p r e s su re  moni tor ing 

o r  they  w i l l  be plugged and abandoned. Current  S t a t e  r e g u l a t i o n s  r e q u i r e  t h a t  

a  permit  must be ob ta ined  from t h e  Department of Environmental  Conserva t ion  

be fo r e  a  w e l l  can  be d r i l l e d ,  deepened, plugged back, o r  conver ted f o r  t h e  

purpose of o i l  and ga s  p roduc t ion ,  i n p u t ,  s t o r a g e  o r  d i s p o s a l  [6NYCRR P a r t  

552.21. 

Since there are currently no State laws or regulations governing the 

d r i l l i n g  and abandonment practices associated wfth test w e l l s ,  i t  is  suggested 

that the new regulatory program contain provisions for  including this type of  

wel l  i n  the permitting process. A t e s t  w e l l  c a t ego ry  w i l l  be added t o  t h e  

e x i s t i n g  DEC permit  a p p l i c a t i o n  form t o  c o i n c i d e  w i t h  t h e  new t e s t  w e l l  

r e g u l a t i o n s .  Proposed t e s t  w e l l  d r i l l i n g  would t hen  f a l l  under t h e  DEC review 

process  which would ensure  t h a t  t h e  S t a t e ' s  approved d r i l l i n g  and abandonment 

p r a c t i c e s  a r e  followed. See t h e  s e c t i o n  of t h e  t e x t  e n t i t l e d ,  New York 

S t a t e ' s  O i l ,  Gas and S o l u t i o n  Mining Regulatory Program f o r  more d e t a i l s  

concerning t h e  permit  a p p l i c a t i o n ,  permit  f e e s ,  f i n a n c i a l  s e c u r i t y ,  and t h e  

DEC review process .  

The fo rmat ion  sample ob t a ined  du r ing  t h e  c o r i n g  process  i s  then  t e s t e d  t o  

determine i t s  s t o r a g e  f e a s i b i l i t y .  Data a r e  reviewed and c o r r e l a t e d  from 

s e v e r a l  t e s t  we l l s .  The t e s t i n g  program u s u a l l y  c o n s i s t s  of t h e  fo l lowing:  

a .  Immersion t e s t s  - c o r e  m a t e r i a l  from t h e  proposed s t o r a g e  fo rmat ion  

i s  submerged i n  a  sample of t h e  ga s  o r  LPG s t o r a g e  product a s  we l l  

a s  a  sample of water .  A f t e r  f i v e  days ,  t h e  c o r e  m a t e r i a l  i s  

i n spec t ed  f o r  any d e t e r i o r a t i o n .  I f  some breakdown o r  change i n  t h e  

c o r e  rock  i s  observed,  t h e  fo rmat ion  would not  be recommended f o r  



s t o r a g e .  

b. Rock Q u a l i t y  D e s i g n a t i o n  (RQD) - T h i s  method i s  used t o  de te rmine  

t h e  o v e r a l l  i n t e g r i t y  of t h e  fo rmat ion .  Core recovery  i s  t h e  amount 

of c o r e d  r o c k  t h a t  i s  p h y s i c a l l y  r ecovered  from t h e  f o r m a t i o n  a s  a  

p e r c e n t a g e  of t h e  i n t e r v a l  t h a t  was a c t u a l l y  cored .  RQD i s  a  

modif ied  c o r e  r e c o v e r y  p e r c e n t a g e  i n  which o n l y  t h o s e  p i e c e s  of 

s o l i d ,  u n f r a c t u r e d  c o r e  o v e r  f o u r  i n c h e s  long  a r e  counted a s  

r ecovery .  Zones of c o r e  l o s s ,  h i g h l y  weathered s e c t i o n s ,  and s h o r t  

p i e c e s  caused by s h e a r i n g ,  j o i n t i n g ,  o r  f a u l t i n g  a r e  not  counted 

because  t h e y  r e f l e c t  a d v e r s e  r o c k  p r o p e r t i e s .  

c .  V i s u a l  i n s p e c t i o n  of t h e  c o r e  m a t e r i a l  f o r  secondary p e r m e a b i l i t y  

such  a s  i n t e r c o n n e c t e d  n a t u r a l  f r a c t u r e s .  

d. De te rmina t ion  of t h e  r o c k ' s  h o r i z o n t a l  p e r m e a b i l i t y  t o  t h e  s t o r e d  

s u b s t a n c e ,  i t ' s  e f f e c t i v e  p o r o s i t y ,  and i t ' s  unconf ined compress ive  

s t r e n g t h .  

e.  I n j e c t i o n  T e s t i n g  - u s u a l l y  done t o  e v a l u a t e  f r a c t u r e s  i n  t h e  

f o r m a t i o n  rock.  The t e s t  c o n s i s t s  of  o b s e r v i n g  t h e  wa te r  l o s t  t o  

t h e  f o r m a t i o n  from a  s t a t i c  w a t e r  column i n  t h e  t e s t  w e l l  bore .  

The next  s t e p  i n  t h e  s i t e  f o r m a t i o n  e v a l u a t i o n  p r o c e s s  f o r  a l l  t y p e s  of 

s t o r a g e  s i t u a t i o n s  i n v o l v e s  a s s e s s i n g  t h e  ea r thquake  p o t e n t i a l  of t h e  proposed 

s t o r a g e  a r e a .  Damage t o  cemented c a s i n g ,  t u b i n g  and we l lhead  equipment caused 

by ground motion cou ld  l e a d  t o  p o t e n t i a l l y  dangerous  g a s  l eakage .  A l a r g e  

enough ea r thquake  cou ld  c o n c e i v a b l y  c a u s e  enough damage t o  a n  underground 

s t o r a g e  c a v e r n  t o  p l a c e  o f f s e t  mining o p e r a t i o n s  i n  jeopardy.  I f  m i g r a t i o n  

shou ld  o c c u r ,  t h e r e  i s  a  danger  of  miner a s p h y x i a t i o n ,  mine e x p l o s i o n s ,  o r  

e scape  of g a s  i n t o  t h e  a tmosphere .  The f o l l o w i n g  s e c t i o n  d e a l i n g  w i t h  s t o r a g e  

pe rmi t  p rocedures  w i l l  a d d r e s s  o f f s e t  o p e r a t i o n s  and t h e i r  i m p l i c a t i o n s  i n  

more d e t a i l .  



F o r t u n a t e l y ,  e a r t h q u a k e s  s e v e r e  enough t o  c a u s e  damage a r e  v e r y  r a r e  i n  

New York S t a t e .  Nevertheless, it  i s  suggested that operators be required t o  

address the potential  earthquake dangers associated with the ir  particular 

storage s i tuat ion i n  the environmental assessment made prior t o  approval of a 

new storage f i e l d .  T h i s  shou ld  i n c l u d e  a  r ev iew of ea r thquake  i n c i d e n c e s  i n  

t h e  s t o r a g e  a r e a  n o t i n g  any s u r f a c e  o r  sub-sur face  damage. The p o t e n t i a l  

ea r thquake  r i s k  and p o t e n t i a l  d a n g e r s  shou ld  be d e t a i l e d  a l o n g  w i t h  m i t i g a t i o n  

p l a n s .  

An underground s t o r a g e  f e a s i b i l i t y  r e p o r t  i s  u s u a l l y  p repared  a t  t h i s  

s t a g e  which summarizes t h e  f i n d i n g s  o b t a i n e d  d u r i n g  t h e  t e s t i n g  and e v a l u a t i o n  

of t h e  proposed s t o r a g e  p r o j e c t .  T h i s  r e p o r t  i s  t h e n  submited t o  t h e  DEC i n  

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

C .  APPLYING FOR AN UNDERGROUND STORAGE PERMIT ------ -------------- 

S i g n i f i c a n t  amendments were made t o  t h e  O i l ,  Gas and S o l u t i o n  Mining Laws 

i n  1981 concern ing  t h e  underground s t o r a g e  of gas .  The new r e g u l a t i o n s  w i l l  

r e f l e c t  t h e s e  changes  t o  t h e  law. The p rocedures  f o r  o b t a i n i n g  an underground 

s t o r a g e  permit  s t a t e  t h a t  no underground r e s e r v o i r  s h a l l  be devo ted  t o  t h e  

s t o r a g e  of g a s ,  o r  l i q u e f i e d  pe t ro leum g a s  u n l e s s  t h e  p r o s p e c t i v e  o p e r a t o r  of 

s u c h  s t o r a g e  r e s e r v o i r  s h a l l  have r e c e i v e d  from t h e  Department,  a f t e r  a p p r o v a l  

i n  w r i t i n g  of t h e  S t a t e  G e o l o g i s t ,  a n  underground s t o r a g e  pe rmi t  which s h a l l  

be i n  f u l l  f o r c e  [ECL 23-1301.11. The pe rmi t  a p p l i c a t i o n  is r e q u i r e d  t o  

i n c l u d e  t h e  f o l l o w i n g :  

1. A map showing t h e  l o c a t i o n  and boundar ies  of t h e  proposed 

underground s t o r a g e  r e s e r v o i r .  

2 .  A r e p o r t  c o n t a i n i n g  s u f f i c i e n t  d a t a  t o  show t h a t  t h e  r e s e r v o i r  is  

a d a p t a b l e  f o r  s t o r a g e  purposes .  

3. An a f f i d a v i t  s i g n e d  by t h e  o p e r a t o r  t o  t h e  e f f e c t  t h a t  he h a s  



acquired by g r a n t ,  l e a s e  o r  o t h e r  agreement a t  l e a s t  75 percent  of 

t h e  s to rage  r i g h t s  i n  s a i d  r e s e r v i o r  and i n  t h e  bu f fe r  zone 

e s t ab l i shed  t o  p ro t ec t  t he  r e s e r v i o r  a s  approved by t h e  Department, 

ca l cu la t ed  on the  b a s i s  of su r f ace  acreage;  and such a f f i d a v i t  s h a l l  

a l s o  s e t  f o r t h  t h a t  t h e  app l i can t  w i l l  agree a s  a  condi t ion  t o  t h e  

issuance of such permit t h a t  i t  w i l l  t h e r e a f t e r  wi th in  a  reasonable 

time e i t h e r  acqu i r e  by nego t i a t i on ,  o r  f i l e  and proceed wi th  

condemnation proceedings t o  acqui re ,  any outs tanding  s to rage  r i g h t s  

i n  t he  remaining r e s e r v o i r  and bu f fe r  zone acreage. 

4. Such o the r  information a s  t he  Department may r equ i r e .  

The opera tor  w i l l  have previous ly  f i l e d  an  a p p l i c a t i o n  wi th  the  Federal  

Energy Regulatory Commission f o r  a  c e r t i f i c a t e  of pub l i c  convenience and 

neces s i ty  pursuant t o  Sec t ion  7 (c )  of t h e  Natural  Gas Act. This  c e r t i f i c a t e  

au tho r i zes  t h e  opera tor  t o  cons t ruc t  and opera te  c e r t a i n  f a c i l i t i e s  f c -  t he  

s to rage  of n a t u r a l  gas  o r  LPG. A s i t e  s p e c i f i c  EIS i s  a l s o  submitted L FERC 

a t  t h i s  time. More information on f e d e r a l  r egu la t ion  of gas  s to rage  p r o j e c t s  

can be found i n  t h e  appendix. S t a t e  law r e q u i r e s  t h a t  bu f fe r  zone acreage be 

acquired along wi th  t h a t  needed f o r  s to rage  purposes because the  exact  l i m i t s  

of any r e s e r v o i r  cannot be p r e c i s e l y  defined.  Therefore,  a  t r a n s i t i o n  zone i s  

needed t o  p ro t ec t  the  r e s e r v o i r  from o f f s e t  ope ra to r s  and vice-versa.  The 

O i l ,  Gas and Solution Wining Law has been amended t o  s t a t e  that the buffer 

zone is  that area outside and surrounding the underground gas storage 

reservoir which the Department approves a s  appropriate t o  protect the 

integri ty  of the reservoir, no part of which s h a l l  be more than 3,500 l inear 

f e e t  from the boundary thereof [ECL 23-0101.11. The new regulations w i l l  

incorporate this amendment. 

The boundaries of a  gas s to rage  r e s e r v o i r  a r e  est imated using volumetr ic  

c a l c u l a t i o n s ,  subsurface geologic  s t u d i e s ,  and by c o r r e l a t i n g  wellhead 



p r e s s u r e s  from w e l l s  th roughout  t h e  f i e l d .  S i n c e  t h e  approximate  s t o r a g e  

p r e s s u r e  of t h e  r e s e r v o i r  i s  known from g a s  p r o d u c t i o n  h i s t o r i e s ,  p r e s s u r e s  a t  

w e l l s  s i g n i f i c a n t l y  below t h a t  l e v e l  would i n d i c a t e  t h e  o u t e r  l i m i t s  of t h e  

r e s e r v o i r .  The b u f f e r  zone r e g u l a t i o n  f o r  a  g a s  s t o r a g e  r e s e r v i o r  i s  s i m i l a r  

t o  a  s p a c i n g  o r d e r  f o r  a n  o i l  and g a s  w e l l .  By i d e n t i f y i n g  and l e a s i n g  

s t o r a g e  r i g h t s  t o  a  b u f f e r  zone,  t h e  o p e r a t o r  h a s  some p r o t e c t i o n  from g a s  

o p e r a t i o n s  on o f f s e t t i n g  l e a s e s .  Some g a s  s t o r a g e  r e s e r v o i r s  a r e  i n  b l a n k e t  

s a n d s  such a s  t h e  Medina which a r e  r e l a t i v e l y  c o n t i n u o u s  w i t h  l i t t l e  

s t r u c t u r a l  c o n t r o l .  O f f s e t  g a s  o p e r a t i o n s  cou ld  c o n c e i v a b l y  d e p l e t e  a  s t o r a g e  

r e s e r v o i r  i n  such  a sand v e r y  e a s i l y  i f  no b u f f e r  zone were r e q u i r e d .  

The b u f f e r  zone requ i rement  does  no t  have q u i t e  t h e  same a p p l i c a t i o n  t o  

s t o r a g e  i n  abandoned s a l t  c a v i t i e s  o r  mined c a v e r n s .  Wel ls  o f f s e t t i n g  a  s a l t  

c a v i t y  o r  a  mined cavern  would not  be  completed i n  t h e  s t o r a g e  f o r m a t i o n  due 

t o  l a c k  of v i r g i n  g a s  i n  a  s a l t  bed o r  a n  impervious  s h a l e  o r  g r a n i t e .  There  

a r e ,  however, some. d a n g e r s  a s s o c i a t e d  w i t h  o f f s e t  underground mining 

o p e r a t i o n s .  Underground b l a s t i n g  may c a u s e  f r a c t u r e s  i n  t h e  s t o r a g e  c a v e r n  o r  

c a p  r o c k  a l l o w i n g  g a s  l e a k a g e  t o  t h e  s u r f a c e ,  w a t e r  t a b l e ,  o r  i n t o  t h e  mine 

c r e a t i n g  a  dangerous ,  t o x i c  s i t u a t i o n .  The DEC r e q u i r e s  t h a t  o p e r a t o r s  g i v e  

n o t i c e  t o  pe r sons  engaged i n  underground mining o p e r a t i o n s  of  t h e  commencement 

of any phase of  o i l  o r  g a s  w e l l  o p e r a t i o n s  which may a f f e c t  t h e  s a f e t y  of s u c h  

underground mining o p e r a t i o n s  [ECL 23-0305.8( j ) ] .  Due t o  the site spec i f i c  

nature of  storage operations, the distance from underground mining operations 

within which not i f i ca t ion  w i l l  be required w i l l  be established v i a  p e r m i t  

conditions. 'Phis requirement w i l l  apply t o  a l l  operations associated with 

underground storage i n  abandoned s a l t  c a v i t i e s  and mined caverns. 

The November 1981, O i l ,  Gas and S o l u t i o n  Mining L e g i s l a t i o n  s p e c i f i e s  



requ i rements  and procedures  f o r  a c q u i r i n g  s t o r a g e  l e a s e s .  A s  mentioned 

p r ev ious ly ,  t h e  ope ra to r  must submit an a f f i d a v i t  when app ly ing  f o r  a  s t o r a g e  

permit  t h a t  a t t e s t s  t o  t h e  a c q u i s i t i o n  of a t  l e a s t  75 percen t  of t h e  s t o r a g e  

r i g h t s  i n  t h e  r e s e r v i o r  and b u f f e r  zone. Th is  requirement  en su re s  s a f e ,  

e f f i c i e n t  o p e r a t i o n  of t h e  s t o r a g e  f a c i l i t y .  The ope ra to r  t hen  has  up t o  two 

y e a r s  a f t e r  t h e  f i r s t  i n j e c t i o n  of ga s  t o  s e c u r e  t h e  remaining twenty- f ive  

pe r cen t  s t o r a g e  r i g h t s  [ECL 23:1303.31. 

Th i s  seventy-fiveltwenty-five pe rcen t  a c q u i s i t i o n  law was s t r u c t u r e d  a s  

such  by t h e  S t a t e  s o  t h a t  s t o r a g e  f a c i l i t i e s  cou ld  be brought on l i n e  

r e l a t i v e l y  f a s t  i n  t imes  of p r o j e c t e d  gas  supply  sho r t ages .  By needing on ly  

seven ty- f ive  pe r cen t  of t h e  s t o r a g e  r i g h t s  i n i t i a l l y ,  t h e  o p e r a t o r  is no t  

delayed by l e a s e  a c q u i s i t i o n s  and can  t h e r e f o r e  concen t r a t e  on b r i ng ing  t h e  

f a c i l i t y  on s t ream.  I f  t h e  remaining twenty-f ive  percen t  s t o r a g e  r i g h t s  

necessa ry  f o r  a c t i v a t i o n ,  o p e r a t i o n ,  o r  p r o t e c t i o n  of t h e  s t o r a g e  r e s e r v o i r  

and i t s  b u f f e r  zone cannot  be acqu i r ed  a f t e r  r e a sonab l e  e f f o r t  w i t h i n  t h e  

aforementioned two yea r  pe r i od ,  t h e  o p e r a t o r  has  t h e  power t o  s e c u r e  such 

r i g h t s  under t h e  a p p l i c a b l e  p rov i s i ons  of t h e  eminent domain procedure  law 

[ECL 23-1301.11. Before f i l i n g  a  s u i t  f o r  a c q u i s i t i o n  proceedings ,  t h e  

o p e r a t o r  i s  r equ i r ed  t o  f i l e  a  map w i th  t h e  Department d e t a i l i n g  t h e  l o c a t i o n ,  

boundar ies ,  and s u r f a c e  ac reage  of t h e  r e s e r v o i r  and b u f f e r  zone [ECL 23- 

1303.21. 

The powers of eminent domain a r e  g r an t ed  i n  t h e  c a s e  of underground 

s t o r a g e  s o  t h a t  t h e  needs of t h e  S t a t e ' s  energy consumers can  be met. When 

s h o r t a g e s  a r i s e  due t o  e x c e s s i v e  energy demand dur ing  t h e  w i n t e r  h e a t i n g  

season ,  t h e  a b i l i t y  t o  augment s u p p l i e s  of n a t u r a l  g a s  o r  LPG from underground 

s t o r a g e  f a c i l i t i e s  i s  v i t a l  t o  t h e  S t a t e .  These laws ensu re  t h a t  a  s t o r a g e  

f a c i l i t y  deemed s t r u c t u r a l l y  and o p e r a t i o n a l l y  s a f e  by t h e  Department w i l l  be 

i n s t a l l e d  wi thout  d e l a y  s o  a s  t o  b e t t e r  s e r v e  t h e  pub l i c .  



P r i o r  t o  e n a c t i n g  a c q u i s i t i o n  p roceed ings  a g a i n s t  landowners,  e v e r y  

a t t e m p t  i s  made t o  l e a s e  s t o r a g e  r i g h t s  by n e g o t i a t i o n  o r  v o l u n t a r y  agreement .  

The Department may g r a n t  e x t e n s i o n s  t o  t h e  two y e a r  l e a s e  requ i rement  f o r  

a d d i t i o n a l  n e g o t i a t i o n s ,  i f  n e c e s s a r y .  I n  a d d i t i o n  t o  t h e  s t o r a g e  v a l u e  of 

any p r o p e r t y  be ing  l e a s e d ,  t h e  v a l u e  of any commercia l ly  r e c o v e r a b l e  n a t i v e  

o i l  and g a s  i n  p l a c e  must a l s o  be c o n s i d e r e d  [ECL 23-1303.51. T h i s  p r o v i s i o n  

a l s o  h o l d s  t r u e  f o r  s a l t  r i g h t s .  

The Depar tment ' s  underground s t o r a g e  pe rmi t  a p p l i c a t i o n  rev iew p r o c e s s  i s  

i n i t i a t e d  upon r e c e i v i n g  t h e  p r e v i o u s l y  d i s c u s s e d  maps, r e p o r t s ,  a f f i d a v i t ,  

and o t h e r  d a t a  from t h e  proposed s t o r a g e  p r o j e c t  o p e r a t o r .  An a p p l i c a t i o n  f e e  

of t e n  thousand d o l l a r s  f o r  a  new underground s t o r a g e  p r o j e c t  o r  f i v e  thousand 

d o l l a r s  f o r  a  m o d i f i c a t i o n  of a n  e x i s t i n g  s t o r a g e  f a c i l i t y  i s  r e q u i r e d  w i t h  

t h e  pe rmi t  a p p l i c a t i o n  [ECL 23-1301 ,5 (a ) (b ) ] .  A m o d i f i c a t i o n  t o  a n  e x i s t i n g  

s t o r a g e  p r o j e c t  would be a n  expans ion  of t h e  boundar ies  of t h e  s t o r a g e  

r e s e r v o i r  o r  a n  i n c r e a s e  i n  t h e  maximum s t o r a g e  p r e s s u r e .  I t  i s  suggested 

that this def init ion of a storage project modification be specified i n  

regulation. 

A s  d e t a i l e d  p r e v i o u s l y ,  t h e  O i l ,  Gas and S o l u t i o n  Mining Law r e q u i r e s  t h e  

o p e r a t o r  t o  submit  a  map, a  r e s e r v o i r  r e p o r t ,  a  l e a s i n g  a f f i d a v i t ,  and any 

o t h e r  p r o j e c t  s p e c i f i c  i n f o r m a t i o n .  T h i s  t e c h n i c a l  d a t a  i s  used by t h e  

Department t o  a s s e s s  t h e  f e a s i b i l i t y  and env i ronmenta l  c o m p a t a b i l i t y  of  t h e  

proposed s t o r a g e  p r o j e c t .  

I t  i s  suggested that the new regulations specify that the folloving 

information be submitted when applying for a storage permit: 

1. Project location information including the county and town, the f i e l d  

or pool name, and a map detai l ing the boundaries of the reservoir and 

buffer zone. 



2. A geologic description of the reservoir. This should include the 

type of formation, its porosity and permeability, the geologic trap. 

and the original saturations. 

3. The controlling factors on the lateral extent of the reservoir. 

4. A brief history of the development of the reservoir. This should 

include estimates of the original gas in place, historic production, 

and remaining native gas. 

5 .  The original reservoir pressure of the reservoir and the expected 

maximm operating storage pressure. 

6 .  Estimates of cushion gas and working gas volumes and expected well 

and field deliverabilities. 

7 .  Compressor Requirements - the number of compressors needed, their 
total horsepower, and a location map. 

8. Other data that may be required by the Department 

The technical information submitted should also contain well status 

reports and the lease acquisition affidavit attesting to the operator having 

secured storage rights for at least seventy-five percent of the reservoir and 

buffer zone. As mentioned previously, the technical information is reviewed 

by the State Geologist who then submits to the Department his/her approval in 

writing. Offsetting oil and gas activity is also reviewed at this time in 

order to assess the storage project's impact on offsetting operations or vice 

versa. A copy of the EIS submitted to FERC will also be required when 

applying for a state storage permit. A major modification to an existing 

project will require a SEQR determination and a supplemental EIS may have to 

be prepared. 

A precise well status report is presently not required by the Department 

but some type of well information is usually solicited from the operator 

during the review period. As part of the new permit application process, a 



detai led vell review w i l l  be required. The following information should be 

contained i n  the vell report: 

1. A l l  we l l s  ( i nc lud ing  API number and ope ra to r )  w i t h i n  t h e  r e s e r v o i r ,  

b u f f e r  zone, and surrounding acreage a s  deemed app rop r i a t e  by t h e  

Department. A map showing t h e s e  l o c a t i o n s  should a l s o  be submit ted.  

2 .  A breakdown of t h e  w e l l s  by ope ra t i ona l  s t a t u s  such a s  a c t i v e ,  

i d l e d ,  o r  abandoned. 

3. A d e t a i l e d  h i s t o r y  of each w e l l  inc lud ing  t h e  cond i t i on  of ca s ing  

and t u b u l a r s ,  t h e  w e l l ' s  workover record ,  and a l l  we l l  l ogs .  

4. Wellhead p re s su re  h i s t o r y  f o r  a l l  wel l s .  

5. The planned d i s p o s i t i o n  of any t e s t  w e l l s  d r i l l e d  f o r  t h e  purpose of 

eva lua t ing  t h e  p r o j e c t ' s  f e a s i b i l i t y .  A permit must be obtained 

from t h e  Department f o r  conversion of any o i l  and gas  w e l l  [6 NYCRR 

Pa r t  552.21. 

6. Any o t h e r  information a s  requi red .  

I n  t h e  c a s e  of s t o r age  i n  deple ted  r e s e r v o i r s ,  t h e  competency of t h e  

formation and i t s  s t r u c t u r e  a r e  u sua l ly  w e l l  known. However, such f i e l d s  a r e  

l i k e l y  t o  have many w e l l s  d r i l l e d  e i t h e r  t o  o r  through t h e  r e s e r v o i r  under 

cons ide ra t i on  and t h e  f i e l d  may a l s o  be bordered by s e v e r a l  abandoned wel l s .  

An up-to-date, complete we l l  assessment record i s  e s s e n t i a l  f o r  t h e  Department 

t o  determine t h e  ope ra t i ona l  f e a s i b i l i t y  of t h e  proposed s to rage  p r o j e c t .  

Improperly abandoned w e l l s  o r  w e l l s  wi th  corroded o r  co l lapsed  ca s ing  could 

a l low gas  migra t ion  t o  t h e  water  t a b l e  or  t h e  sur face .  Corroded ca s ings  may 

need t o  be l i n e d  o r  permanently plugged. I n c o r r e c t l y  abandoned w e l l s  should 

be reopened and proper ly  cemented. The S t a t e  must o b t a i n  p o s i t i v e  assurance  

t h a t  a l l  we l l s  a r e  o r  can be made mechanically t i g h t .  

The underground s t o r a g e  permit s h a l l  be gran ted  w i th in  n ine ty  days of 



a p p l i c a t i o n  un l e s s  t h e  Department f i n d s  t h a t  t h e  a p p l i c a t i o n  and t h e  

in format ion  submit ted w i t h  i t  do not  meet t h e  aforementioned requ i rements .  

The Department may revoke o r  suspend any s t o r a g e  permit  f o r  f a i l u r e  t o  comply 

w i th  any of i t s  p rov i s i ons  [ECL 23-1301.21. The laws and t h e  proposed 

r e g u l a t i o n s  a s  p r ev ious ly  d i s cus sed  concerning pe rmi t t i ng ,  s h a l l  no t  app ly  t o  

underground s t o r a g e  p r o j e c t s  placed i n  o p e r a t i o n  p r i o r  t o  October 1, 1963 and 

s o  long  a s  such  o p e r a t i o n  i s  not  abandoned [ECL 23-1301.31. No permit  i s sued  

by t h e  Department s h a l l  be cons t rued  t o  d imin i sh  o r  impair  t h e  j u r i s d i c t i o n  of 

t h e  Pub l i c  Se rv i ce  Commission w i th  r e s p e c t  t o  r e g u l a t i o n  of t h e  manufacture,  

t r a n s p o r t a t i o n ,  d i s t r i b u t i o n  o r  s a l e  of gas  [ECL 23-1301.31. 

The Department a l s o  r e q u i r e s  t h a t  every  o p e r a t o r  f i l e  an  annua l  r e p o r t  

d e t a i l i n g  t h e  s t a t u s  of t h e  s t o r a g e  p r o j e c t .  Th is  r e p o r t  should h i g h l i g h t  any 

change i n  t h e  s i z e  o r  shape of t h e  r e s e r v o i r  and b u f f e r  zone ( i n  terms of 

s u r f a c e  ac r eage ) ,  t h e  t o t a l  c a p a c i t y  and working c a p a c i t y  of t h e  r e s e r v o i r ,  

and any o t h e r  eng inee r i ng ,  g e o l o g i c a l ,  o r  o p e r a t i o n a l  d a t a  t h a t  may be 

reques ted  by t h e  Department [ECL 23-1301.41. Th is  l a s t  i t em  w i l l  i n c l u d e  

upda tes  t o  t h e  d a t a  p resen ted  i n  t h e  t e c h n i c a l  in format ion  s e c t i o n  of t h e  

proposed permit  a p p l i c a t i o n  form. The y e a r l y  o p e r a t i o n s  r e p o r t s  a r e  reviewed 

and compared w i t h  p rev ious  y e a r s '  d a t a  i n  o r d e r  t o  a s s e s s  t h e  e f f i c i e n c y ,  

o p e r a t i o n a l  s t a b i l i t y ,  and environmental  soundness of t h e  s t o r a g e  p r o j e c t .  

The main concerns  of t h e  Department a r e  t h e  c o n t r o l l e d  confinement and 

t h e  s a f e  i n j e c t i o n  and withdrawal  of t h e  n a t u r a l  g a s  o r  LPG. Over - in jec t ion  

of product  cou ld  cause  e r r a t i c  i n c r e a s e s  i n  t h e  r e s e r v o i r  o r  b u f f e r  zone 

boundar ies  whi le  a  sudden dec r ea se  i n  t h e  r e s e r v o i r  s t o r a g e  p r e s s u r e  would 

most l i k e l y  be due t o  a  l e a k  of some kind.  Both s i t u a t i o n s  would r e q u i r e  

immediate a c t i o n  t o  p r o t e c t  t h e  environment a s  w e l l  a s  t h e  s a f e t y  and t h e  

r i g h t s  of o f f s e t  landowners. 



D. CONSTRUCTION OF THESTORAGE SITE AND ACCESS ROADS -------- -- 

The s i z e  of underground gas  s t o r a g e  r e s e r v o i r s  i n  New York S t a t e  ranges 

from 280 a c r e s  t o  10,800 a c r e s  but  t h e  s u r f a c e  a r ea  d i s tu rbed  dur ing  s i t e  

cons t ruc t ion  r a r e l y  exceeds 80 a c r e s .  Most of t h e  d i s tu rbed  acreage i s  

loca t ed  i n  a  c e n t r a l  a r ea  where t h e  compressors and d i s t r i b u t i o n  system a r e  

s i t u a t e d  along wi th  one o r  more in jec t ion /wi thdrawal  we l l s .  Access roads and 

t h e  remaining we l l  s i t e s  make up t h e  balance of t h e  o v e r a l l  s t o r a g e  s i t e .  

For underground s t o r a g e  i n  deple ted  gas  r e s e r v o i r s  o r  abandoned s a l t  

c a v i t i e s ,  t h e  ma jo r i t y  of t h e  w e l l  s i t e s  and access  roads a r e  a l r eady  i n  p lace  

due t o  previous opera t ions .  The s i t i n g  and c o n s t r u c t i o n  requirements  f o r  

access  roads and we l l  s i t e s  f o r  new w e l l s  and f o r  t h e  c e n t r a l  a r ea  a r e  t h e  

same a s  f o r  convent iona l  o i l  and gas  we l l s .  Refer t o  t h e  s e c t i o n  of t h e  t e x t  

p e r t a i n i n g  t o  t h e  s i t i n g  of o i l  and gas  w e l l s  under New York S t a t e ' s  O i l ,  Gas 

and So lu t ion  Mining Regulatory Program. 

Access roads and t h e  c e n t r a l  s i t e  have t o  be s c r u t i n i z e d  more c l o s e l y  

when p e r t a i n i n g  t o  underground s t o r a g e  i n  a  mined cavern. The convent ional  

mining of a  s t o r a g e  cavern l a r g e  enough f o r  commercial s t o r age  of product 

c r e a t e s  vas t  q u a n t i t i e s  of waste rock t h a t  must be disposed.  I t  can be s t o r e d  

a t  t h e  s i t e  and reclaimed o r  i t  can be t r anspo r t ed  t o  an approved d i s p o s a l  

s i t e .  On-site d i s p o s a l  and rec lamat ion  w i l l  n e c e s s i t a t e  t h e  d i s tu rbance  of a  

l a r g e r  land a r e a  while  t h e  t r a n s p o r t a t i o n  of mined d e b r i s  w i l l  r e q u i r e  t h a t  

acces s  roads  be more r i go rous ly  designed. This  s i t u a t i o n  w i l l  be explained i n  

more d e t a i l  i n  t h e  fol lowing s e c t i o n s ,  i nc lud ing  t h e  proposed S t a t e  

r e g u l a t i o n s  and m i t i g a t i o n  techniques.  

E. DRILLING OF A M I N E D  CAVERN M A I N  SHAFT AND AUXILIARY WELLS 

Although i t  o f f e r s  a  more e f f i c i e n t ,  e a s i l y  c o n t r o l l e d  and monitored 

s to rage  environment, a  gas  o r  LPG mined s to rage  cavern neve r the l e s s  must be 

carved out  of s o l i d  rock a t  dep ths  u s u a l l y  g r e a t e r  than 400 f e e t .  To 



accomplish  t h i s ,  a  c e n t r a l  mining s h a f t  measur ing between e i g h t  and n i n e  f e e t  

i n  d i a m e t e r  i s  d r i l l e d  and c a s e d  t o  t h e  t o p  of t h e  s t o r a g e  fo rmat ion .  A f t e r  

t h e  c a s i n g  cement has  s e t  ( u s u a l l y  48 t o  72 h o u r s ) ,  d r i l l i n g  i s  resumed down 

th rough  t h e  i n t e r v a l  t o  be excava ted .  T h i s  main s h a f t  i s  t h e n  used f o r  

t r a n s p o r t i n g  pe r sonne l  and equipment underground and f o r  removing t h e  

excavated r o c k  ( F e n i x  and S c i s s o n ) .  

The p o t e n t i a l  env i ronmenta l  impacts  a s s o c i a t e d  w i t h  t h e  d r i l l i n g  and 

comple t ion  of t h i s  l a r g e  d iamete r  s h a f t  a r e  o n l y  s l i g h t l y  d i f f e r e n t  t h a n  t h o s e  

f o r  r e g u l a r  o i l  and g a s  wel l s .  T h i s  stems from t h e  use  of mud d u r i n g  d r i l l i n g  

o p e r a t i o n s  which a c t s  a s  a  l u b r i c a n t  f o r  t h e  d r i l l  b i t s  and d r i l l  p ipe .  I t  

a l s o  b r i n g s  rock  c u t t i n g s  t o  t h e  s u r f a c e  a s  t h e y  a r e  broken away by t h e  d r i l l  

b i t .  S ince  almost  a l l  w e l l s  i n  New York S t a t e  a r e  d r i l l e d  w i t h  a i r  r a t h e r  

t h a n  a  l u b r i c a t i n g  s u b s t a n c e  such  a s  mud, t h e  c u r r e n t  r e g u l a t i o n s  do n o t  

p rov ide  d i r e c t i o n  f o r  i t s  removal and d i s p o s a l .  The d r i l l i n g  mud i s  u s u a l l y  a  

water-based c l a y  mix tu re  which i s  n o t  hazardous  t o  t h e  environment.  The mud 

may become p o l l u t e d  d u r i n g  d r i l l i n g  o p e r a t i o n s  by c o n t a c t i n g  s a l t  wa te r  

b e a r i n g  f o r m a t i o n s  o r  by t h e  a d d i t i o n  of chemica l s  which a r e  used t o  c o n t r o l  

t h e  d r i l l i n g  p r o c e s s .  S ince  t h e  main s h a f t  is r e l a t i v e l y  s h a l l o w  and i t  does  

n o t  p e n e t r a t e  any o i l  o r  g a s  fo rmat ion ,  t h e  mud sys tem should  remain 

r e l a t i v e l y  c l e a n  and non-hazardous. 

I t  is suggested that the ingredients of the  mud system and the proposed 

disposal  method be included i n  the f e a s i b i l i t y  report submitted t o  the  DEC 

with the underground storage permit application form. A f t e r  a s s e s s i n g  t h e  

impact of t h e  d r i l l i n g  mud on t h e  environment ,  t h e  Department w i l l  t h e n  i s s u e  

a  d i s p o s a l  p l a n  t o  t h e  o p e r a t o r .  I f  t h e  mud i s  determined t o  be c l e a n  and 

non-hazardous t h e n  d i s p o s a l  c a n  be accomplished by s p r e a d i n g  and t i l l i n g  t h e  

mud i n t o  t h e  s o i l .  A hazardous  mud w i l l  have t o  be t r a n s p o r t e d  t o  a n  approved 



waste s i t e .  

Severa l  one foo t  diameter  a u x i l i a r y  s h a f t s  a r e  a l s o  d r i l l e d  t o  provide 

v e n t i l a t i o n  dur ing  mining opera t ions .  These s h a f t s  a r e  u sua l ly  converted f o r  

i n j ec t i on lwi thd rawa l  o r  p r e s su re  monitor ing a f t e r  t h e  cavern is  completed. 

The proposed procedures f o r  d r i l l i n g  and completing these  s h a f t s  a r e  eva lua ted  

by t h e  Department dur ing  t h e  review of t he  s t o r a g e  permit a p p l i c a t i o n .  This  

ensures  t h a t  s a f e  and environmental ly  sound d r i l l i n g  and completion p r a c t i c e s  

a r e  followed. A permit i s  r equ i r ed  f o r  t h e  conversion of t h e s e  v e n t i l a t i o n  

s h a f t s  t o  i n j ec t i on lwi thd rawa l  we l l s  [6NYCRR 552.21. 

Excavation of t h e  cavern can  u s u a l l y  begin a f t e r  t h e  main s h a f t  and 

v e n t i l a t i o n  s h a f t s  a r e  i n  p lace .  

F. EXCAVATION --- OF A M I N E D  STORAGE CAVERN ----- 

Most s t o r a g e  caverns  a r e  mined i n . s e c t i o n s  us ing  t h e  h igh ly  developed 

"room and p i l l a r "  method (Marks, 1983) ." --.Work progresses  by d r i l l i n g  and 

b l a s t i n g  h o r i z o n t a l  t unne l s  i n t o  t h e  rock and then  benching downward. By 

u t i l i z i n g  only  50 percent  of t h e  rock i n  p l ace  f o r  permanent roof suppor t ,  

t h i s  technique al lows f o r  maximum s to rage  per  a c r e  (Fenix and Sc isson) .  The 

LPG s to rage  capac i ty  of t h e  Texas Eas t e rn  products  P ipe l ine  Company's F a c i l i t y  

a t  Watkins Glen, New York is  t h e  S t a t e ' s  l a r g e s t  a t  approximately 50.6 m i l l i o n  

g a l l o n s  (NYSDEC, DMN, 1986). 

The rock d e b r i s  c r ea t ed  by t h e  mining process  i s  t r anspo r t ed  t o  t h e  

s u r f a c e  f o r  d i s p o s a l  v i a  t h e  main s h a f t .  The environmental ly  sound t rea tment  

and d i s p o s a l  of t h i s  waste rock i s  a  primary concern of t h e  Department. The 

mined m a t e r i a l  can be disposed of on - s i t e  t h u s  c r e a t i n g  a  waste  rock  a r e a ,  i t  

can be t r anspo r t ed  o f f - s i t e  f o r  d i s p o s a l  a t  a  waste f a c i l i t y ,  o r  i t  can be 

s o l d  a s  aggrega te  o r  f i l l .  

1 .  On-Site Disposal Of Mined M a t e r i a l  

The s i z e  of t h e  waste rock s i t e  a t  t h e  s t o r a g e  f a c i l i t y  depends on t h e  volume 



of the cavern being excavated. Waste rock sizes within the pile range.from 

very fine particles to rock fragments greater than twelve inches in diameter. 

The permeability of the waste rock pile will be high immediately following 

completion but will decrease over time as fines migrate and plug the voids 

between rock fragments. The potential environmental hazards associated with 

the waste site stem from the flow of water through the rock pile which 

transports sediment to surrounding lowlands and streams. The effects of 

sediment runoff are detailed in the Siting of Oil and Gas Wells section. 

Usually run-off contact with the waste rock is minimal and limited to 

rock at the periphery of the pile. The sediment loads from the waste rock 

site will be high for the first few years but are expected to lessen as 

settling occurs and as the pile becomes vegetated. To acce lerate  reclamation 

where appropriate, seeding and/or mulching o f  the  waste rock p i l e  i n  

conjunction with the  appl icat ion  o f  lime or  f e r t i l i z e r  w i l l  be required v i a  

permit condit ions.  

The excavated rock will also cause increased dust emissions. The 

intensity of this air disturbance will depend on the time of year, the type 

and amount of excavated material, and the control measures used. Normally, 

impacts from dust are localized and of short duration. Mitigation techniques 

such as water spreading on the rock pile will be required should the dust 

become excessive. 

2. Off-Site Disposgl Of Mined Material 

Disposal of waste rock at an off-site facility will result in increased 

traffic on local routes and access roads for the duration of the excavation 

period. Regular servicing of the storage site during operation will also lead 

to.higher than normal traffic levels. Surface requirements for the access 

roads should therefore be upgraded to handle the increased loads. 



Increased  impacts  from no i s e ,  exhaus t ,  and d u s t  emiss ions  a r e  a s s o c i a t e d  

w i t h  t h e  i nc r ea sed  t r a f f i c .  The impact from no i s e  i s  dependent upon p u b l i c  

exposure t o  t h e  r o u t e s  a s  w e l l  a s  t h e  proximity  of t h e  s i t e  t o  t h e  w i l d l i f e  

popula t ion .  Noise l e v e l s  w i l l  be monitored and any r e p o r t s  of exce s s ive  o r  

d i s t u r b i n g  no i s e  w i l l  be handled e x p e d i t i o u s l y  by t h e  Department. Exhaust 

impacts  w i l l  be d i s cus sed  w i th  t h e  i n s t a l l a t i o n  of compressor s t a t i o n s  i n  a  

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

Addi t iona l  environmental  impacts  a r e  a s s o c i a t e d  w i t h  t h e  p o s s i b l e  use  of 

g e n e r a t o r s  a t  t h e  s i t e  t o  p rov ide  i l l u m i n a t i o n  and power t o  t h e  mined cavern.  

The temporary i n c r e a s e s  i n  no i s e  and exhaust  emiss ions  could be of s u f f i c i e n t  

volume t o  warrant  s p e c i f i c  m i t i g a t i o n  measures. Refue l ing  of g e n e r a t o r s  ( i f  

ga s  o r  d i e s e l  f i r e d ) ,  t r a n s p o r t  v e h i c l e s ,  and heavy equipment and d i s cha rge  of 

c rankcase  o i l  and o t h e r  l u b r i c a n t s  a t  t h e  s i t e  does  impose p o t e n t i a l  

environmental  and s a f e t y  hazards .  Leaks of l i q u i d  f u e l  from o n - s i t e  s t o r a g e  

t anks  could contaminate  l o c a l  h a b i t a t  and water  s u p p l i e s .  The p o t e n t i a l  a l s o  

e x i s t s  f o r  exp los ions  and f i r e s  which would endanger w i l d l i f e  and workers .  

There a r e  S t a t e  and EPA r e g u l a t i o n s  governing t h e  s t a t i o n a r y  s t o r a g e  of f u e l  

i f  t h e  t ank  i s  1,000 g a l l o n s  o r  more, wh i l e  t r a n s p o r t i n g  t h e  f u e l  i s  r e g u l a t e d  

by t h e  Department of T ranspo r t a t i on .  There a r e  no requ i rements  i f  s t o r a g e  i s  

l e s s  t h a n  1,000 ga l l ons .  S i t e  s p e c i f i c  p o l l u t i o n  problems w i l l  be m i t i ga t ed '  

v i a  s t o r a g e  permit  c o n d i t i o n s  and i n s p e c t i o n s .  

Once t h e  cavern  i s  completed and t h e  mined m a t e r i a l  ha s  been d i sposed ,  a  

f i n a l  t e s t i n g  program i s  implemented c o n s i s t i n g  of a  cavern  p r e s su re  t e s t  

u s ing  compressed a i r  t o  t e s t  t h e  i n t e g r i t y  of t h e  cavern.  The compressed a i r  

i s  i n j e c t e d  i n t o  t h e  cavern  u n t i l  a  p r e - spec i f i ed  t e s t  p r e s su re  i s  reached.  

The cavern  i s  t hen  s h u t  i n  and allowed t o  s t a b i l i z e  f o r  24  t o  48 hours .  

P r e s su re  r e ad ings  a r e  t h e n  c o l l e c t e d  hou r ly  t o  determine i f  t h e  cavern  i s  

t i g h t .  The r e s u l t i n g  p r e s s u r e  h i s t o r y  i s  eva lua t ed  i n  terms of i nc r emen ta l  



pressure changes and final cavern stabilized pressure. If these values do not 

conform to tolerance levels, then the cavern is re-entered and inspected to 

determine if remedial work is warranted. After cavern testing is completed, 

the site is readied for the installation of permanent storage operation 

equipment. Normally, ventilation shafts are converted for 

injection/withdrawal but sometimes new wells must be drilled. The following 

sections detail the drilling of wells and the installation of compressor 

stations in preparation for actual storage operations. 

G. DRILLING -- OF STORAGE WELLS ---- 
The number of wells needed for storage depends on whether the storage 

reservoir is a mined cavern, an abandoned salt cavity, or a depleted gas sand. 

Natural gas or LPG storage wells are used for injection, withdrawal, and 

reservoir pressure monitoring and maintenance. 

Storage in depleted gas fields will utilize a larger number of wells than 

storage in a salt cavity or mined cavern. Depleted gas sands such as those in 

the Medina Group are blanket-type sands that are areally extensive with 

dynamic boundaries that must be constantly monitored. Gas injection and 

withdrawal is done at several points within the reservoir to ensure maximum 

utilization of the sand. The boundaries of a salt cavity or mined cavern 

remain fixed and the open void volume of a cavity or cavern usually only 

requires one or two injection/withdrawal points. 

The optimum number of wells required for successful storage operations in 

a depleted gas sand is determined during the reservoir evaluation phase as 

previously discussed. Idled wells from previous operations are usually 

converted for storage use when feasible. These wells must be mechanically 

tight with adequately cemented casing and sound wellhead equipment. The 

aforementioned storage permit application will include an existing well report 



so t h a t  t he  Department can review the  cond i t i on  of these  we l l s .  I n  most 

ca se s ,  new s to rage  w e l l s  a r e  d r i l l e d  i n  conjunc t ion  wi th  t he  conversion of 

s e v e r a l  e x i s t i n g  we l l s .  A permit must be obtained from t h e  Department f o r  any 

new w e l l s  o r  w e l l  conversions [6NYCRR 552.2(a)] .  

I n  1985 t h e r e  were 841 ope ra t i ng  gas  s t o r a g e  w e l l s  i n  New York S t a t e .  

Seven hundred for ty-n ine  w e l l s  were used f o r  i npu t  and withdrawal of gas  whi le  

t h e  remainder were used f o r  observa t ion  and pressure  maintenance (NYSDEC, DMN, 

1986). The number of w e l l s  needed f o r  i n j e c t i o n  and withdrawal i s  dependent 

upon t h e  working pressure  of t he  r e s e r v o i r  and the  des i r ed  d e l i v e r a b i l i t y  

r a t e .  These t o p i c s  w i l l  be d i scussed  i n  more d e t a i l  i n  upcoming s e c t i o n s .  

Storage p r o j e c t s  i n  abandoned s a l t  c a v i t i e s  a l s o  u t i l i z e  w e l l s  remaining 

from previous ope ra t i ons  i f  they  can  be made mechanically sound. Since 

l e f t o v e r  w e l l s  from s o l u t i o n  mining ope ra t i ons  a r e  u sua l ly  few i n  number, 

a d d i t i o n a 1 , w e l l s  a r e  d r i l l e d  t o  meet t h e  gas  d e l i v e r a b i l i t y  o b l i g a t i o n s  of t h e  

s to rage  f a c i l i t y .  There a r e  c u r r e n t l y  n ine  o p e r a t i o n a l  w e l l s  f o r  s t o r age  of 

LPG i n  abandoned s a l t  c a v i t i e s  i n  New York S t a t e  (NYSDEC, DMN, 1986). 

For mined s t o r a g e  caverns ,  t h e  major f a c t o r  i n  determining t h e  number of 

w e l l s  needed i s  t h e  des i r ed  gas  d e l i v e r a b i l i t y  r a t e .  Numerous r e s e r v o i r  

p ressure  observa t ion  w e l l s ,  common t o  deple ted  gas  sand s t o r a g e  p r o j e c t s ,  a r e  

not  requi red  because of t h e  f i xed  s t o r a g e  volume of t h e  cavern. Three t o  fou r  

in jec t ion /wi thdrawal  w e l l s  and poss ib ly  one observa t ion  w e l l  a r e  normally a l l  

t h a t  i s  requi red .  Cavern s to rage  w e l l s  a r e  prepared f o r  in jec t ion /wi thdrawal  

i n  some cases  by conver t ing  e x i s t i n g  mine v e n t i l a t i o n  s h a f t s  and t e s t  we l l s .  A 

new permit must be ob ta ined  from t h e  Department f o r  conversion of t h e s e  w e l l s  

f o r  in jec t ion /wi thdrawal  purposes [6NYCRR 552.2(a)] .  

Once t h e  s t o r a g e  w e l l s  a r e  i n  p lace  and completed, t h e  f a c i l i t y  i s  

read ied  f o r  gas  o r  LPG i n j e c t i o n  by i n s t a l l i n g  t he  compressors and the  

d i s t r i b u t i o n  system. There a r e  p r e s e n t l y  four  ope ra t i ona l  w e l l s  used f o r  LPG 



storage in mined caverns in New York State. 

H. INSTALLATION AND OPERATION -- OF COMPRESSOR --- STATIONS --- 
Compressors are needed for storage operations because a) storage in depleted 

gas fields is conducted at pressures approaching original formation pressure 

and b) gas may need to be compressed for transmission in high pressure 

transmission lines. The bank of compressors or compressor station is usually 

centrally located at the site within close proximity to the gas transmission 

system. 

The number of compressors needed for the particular storage operation is 

determined during the reservoir evaluation phase prior to applying for an 

underground storage permit. Total horsepower requirements are estimated by 

determining the approximate horsepower needed to inject and withdraw gas at 

maximum rates given the pressure of the reservoir, the number of 

injection/withdrawal wells, and the desired deliverability rates. The number 

of compressors needed to supply the calculated horsepower is then installed. 

The reciprocating compressor is most commonly used in the gas industry because 

it is designed for a wide range of pressures and capacities. Centrifugal 

compressors are also commonly used although they do not have high pressure 

capabilities. In New York, most compressors are driven by natural gas 

engines. 

There are several environmental concerns associated with compressor 

installation and operation. Transporting and installing the compressors at 

the central site will cause only temporary visual and noise disturbances. More 

long term impacts will occur however, from the operation and maintenance of 

the compressors. The storage requirements of the reservoir will dictate the 

size and number of compressors needed which in turn will determine the degree 

of the site's environmental compatability. The bank of compressors is usually 



s i t u a t e d  on a n  a c r e  o r  more of l and  which has  been graded and s u r f a c e d .  

Var ious  u t i l i t y  t i e - i n s ,  c o n t r o l  p a n e l s  and o u t b u i l d i n g s  a r e  l o c a t e d  a t  t h e  

s i t e  which a l s o  s e r v e s  a s  t h e  connec t ion  p o i n t  f o r  t h e  wel lhead d i s t r i b u t i o n  

system and t h e  g a s  t r a n s m i s s i o n  l i n e s .  

The appearance of t h e  s t o r a g e  f a c i l i t y  i s  cons idered  p a r t  of i t s  

environmental  impact because  of t h e  h igh  a e s t h e t i c  v a l u e  of t h e  S t a t e ' s  

n a t u r a l  r e s o u r c e s .  The most v i s u a l l y  a f f e c t e d  a r e a s  would be t h o s e  c o n t a i n i n g  

p o p u l a t i o n  c e n t e r s ,  h i s t o r i c  landmarks,  s t a t e  p a r k s ,  o r  d e c l a r e d  c o n s e r v a t i o n  

a r e a s .  

Due t o  the s i t e  spec i f i c  nature of visual  impacts, provisions for  

diminishing s ignif icant  v isual  impacts associated with compressor location 

w i l l  be recommended a s  conditions t o  the storage permit. V i s u a l  s c r e e n s  

c o l o r e d  s o  a s  t o  b lend  w i t h  t h e  s u r r o u n d i n g s  may be i n s t a l l e d  around t h e  

p e r i m e t e r  of t h e  s i t e .  Loca t ing  t h e  compressors  amid t r e e s  and s h r u b s  would 

a l s o  reduce  t h e i r  u n s i g h t l i n e s s .  When e x i s t i n g  v e g e t a t i o n  i s  s p a r s e ,  new 

v e g e t a t i o n  cou ld  be  p l a n t e d  around t h e  s i t e .  

The env i ronmenta l  impac t s  on a i r  q u a l i t y  from exhaus t  emiss ions  due t o  

compressor o p e r a t i o n  c a n  be  e s t i m a t e d  based upon t h e  type  of equipment used,  

t h e  hours  of o p e r a t i o n ,  and t h e  a i r  c o n d i t i o n s .  Degradat ion of t h e  a i r  

q u a l i t y  i s  n o t  a  pr imary concern however, because  of t h e  r e l a t i v e l y  s m a l l  

amount of emiss ions  a s s o c i a t e d  w i t h  c o n s t r u c t i o n  and o p e r a t i o n  of underground 

g a s  s t o r a g e  f a c i l i t i e s .  

The impacts  from t h e  n o i s e  g e n e r a t e d  by t h e  bank of compressors  i s  

dependent upon p u b l i c  exposure  t o  t h e  s t o r a g e  s i t e .  The s i z e  of t h e  l and  

a r e a ,  t h e  d i s t a n c e  t o  t h e  n e a r e s t  r e s i d e n t ,  t h e  p r e v a i l i n g  winds,  and o t h e r  

f a c t o r s  must be  cons idered .  Storage permit conditions w i l l  specify when 

muffler devices for  the compressor e m u s t  w i l l  be required t o  minimize the 

noise from the compressor s i t e .  Screens or vegetation may a l s o  be instal led 



a t  the site t o  o f f e r  some degree of sound reducing capabil ity.  

The o v e r a l l  env i ronmenta l  impact from i n s t a l l a t i o n  and o p e r a t i o n  of a  

s t o r a g e  f a c i l l i t y  compressor s t a t i o n  w i l l  be  a s s e s s e d  f o r  each  i n d i v i d u a l  s i t e  

d u r i n g  t h e  s t o r a g e  permit  a p p l i c a t i o n  rev iew p e r i o d .  

I .  OPERATION OF THE STORAGE FACILILTY ---- ---- 

A f t e r  t h e  w e l l s  have been d r i l l e d  and t h e  compressors  i n s t a l l e d ,  t h e  s t o r a g e  

f a c i l i t y  i s  ready  t o  be brought  on-stream. A s  mentioned p r e v i o u s l y ,  g a s  o r  

LPG is  i n j e c t e d  d u r i n g  t h e  summer months when consumer demand is  low and i t  is  

withdrawn d u r i n g  t h e  peak demand w i n t e r  h e a t i n g  season.  The s t o r a g e  f i e l d  

must be  a b l e  t o  d e l i v e r  t h e  peak g a s  volumes on  a  d a i l y  b a s i s  w h i l e  p r o v i d i n g  

t h e  s e a s o n a l  volume n e c e s s a r y  t o  supplement t h e  e x i s t i n g  w i n t e r  supp ly .  S i n c e  

g a s  is  i n j e c t e d  and withdrawn on a  c y c l i c  s c h e d u l e ,  r e s e r v o i r  p r e s s u r e  i s  

c o n t r o l l e d  w i t h i n  a n  o p e r a t i n g  range  which i s  dependent upon t h e  t y p e  of 

r e s e r v o i r  and i t s  d e p t h .  The s t o r a g e  c y c l e  p r e s s u r e  range  i s  based upon t h e  

s a f e  upper l i m i t  of p r e s s u r e ,  t h e  f l o w  c a p a c i t y  of t h e  w e l l s ,  and t h e  

compressor r equ i rements  f o r  g a s  i n j e c t i o n  and wi thdrawal .  

1. - DepLeted Gas R e s e r v o i r s  

a .  R e s e r v o i r  P r e s s u r e  - For d e p l e t e d  g a s  r e s e r v o i r s ,  t h e  upper  l i m i t  of ---------- 
s t o r a g e  p r e s s u r e  i s  r e l a t e d  t o  t h e  r e s e r v o i r  d i s c o v e r y  p r e s s u r e  which i s  

u s u a l l y  i n  t h e  range  of 0.43 t o  0.52 p s i / f t .  of d e p t h  ( Ikoku ,  1980) .  The 

maximum s t o r a g e  c a p a c i t y  and d e l i v e r a b i l i t y  c a n  be  i n c r e a s e d  by o p e r a t i n g  t h e  

s t o r a g e  f a c i l i t y  a t  p r e s s u r e  l e v e l s  above t h e  d i s c o v e r y  p r e s s u r e .  S i n c e  

p r e s s u r e s  approaching 1 . 0  t o  1.2 p s i / f t .  of d e p t h  cou ld  f r a c t u r e  th rough  

c o n f i n i n g  beds  and l e a d  t o  u n c o n t r o l l e d  m i g r a t i o n  of f l u i d s  th rough  t h e  porous  

r o c k s ,  t h e  maximum p r e s s u r e  r a r e l y  exceeds  0.65 p s i j f t .  of d e p t h  w i t h  good 

c a p r o c k s  a l t h o u g h  0.70 p s i / f t .  of d e p t h  h a s  been used s a f e l y  i n  t h e  f i e l d  

( Ikoku,  1980).  The lower p r e s s u r e  l i m i t  i s  u s u a l l y  s e t  h i g h  enough t o  



overcome water  i n t r u s i o n  a t  lower p re s su re s  while  maintaining s u f f i c i e n t  f low 

capac i ty  f o r  t h e  we l l s .  

The fo l lowing  t a b l e  d e t a i l s  t h e  p re s su re  c h a r a c t e r i s t i c s  f o r  t h e  Medina 

and Oriskany Sandstone r e s e r v o i r s  t h a t  comprise 19 of t h e  S t a t e ' s  21 gas  

s t o r a g e  f i e l d s ;  

Medina 
Average Depth ( f t )  2,423 

Average Discovery Pressure  ( p s i g )  82 0  
Gradient ( p s i l f t )  0.34 

Maximum Operat ing P re s su re  ( p s i g )  779 
Gradient  ( p s i l f t )  0.32 

1985 Maximum Average Operat ing P re s su re  ( p s i g )  724 
Gradient ( p s i l f t )  0.30 

Oriskany 
4,551 
2,002 

0.44 
2,012 

0.44 
1,729 

0.38 

Gas s to rage  o p e r a t o r s  have f i x e d  t h e i r  maximum s to rage  r e s e r v o i r  p ressure  

a t  o r  near  t h e  average d i scovery  p re s su re  f o r  Medina and Oriskany r e s e r v o i r s .  

The a c t u a l  f ie ld-wide ope ra t i ng  p re s su re  w i l l  v a ry  dur ing  t h e  year  a s  gas  is 

i n j e c t e d  and withdrawn. Pressure  surveys  taken i n  t h e  f a l l  w i l l  r e f l e c t  

maximum cond i t i ons  because of t h e  i n j e c t i o n  of gas  dur ing  t h e  summer. 

Springtime surveys  w i l l  r e v e a l  low p re s su re  due t o  gas  withdrawal f o r  t h e  

w in t e r  hea t ing  season. The maximum average ope ra t i ng  p re s su re  g rad i en t  a s  

repor ted  i n  1985 f o r  t h e  Medina and Oriskany was approximately 0.30 p s i l f t .  

and 0.38 p s i l f t . ,  r e s p e c t i v e l y .  

b. Segments of a  Gas Storage Reservoi r  - Most n a t u r a l  ga s  s t o r a g e  

r e s e r v o i r s  can be d iv ided  i n t o  fou r  b a s i c  segments a s  d e t a i l e d  i n  F igure  14.6. 

Cushion gas  i s  a  gas  r e se rve  which i s  r equ i r ed  t o  main ta in  r e s e r v o i r  p r e s su re  

a t  a  base l e v e l  t o  provide adequate gas  d e l i v e r a b i l i t y  r a t e s  throughout t h e  

withdrawal season. The t o t a l  cushion g a s  volume i s  comprised of i n j e c t e d  gas  

from e x t e r n a l  sources  and n a t i v e  gas  t h a t  was i n  p lace  a t  i n i t i a t i o n  of 

s to r age  opera t ions .  Cushion g a s  i s  a l s o  known a s  base gas  and i s  p a r t  of 

c a p i t a l  investment (Ikoku, 1980). I t  i s  normally he ld  permanent w i th in  the  

r e s e r v o i r  and i s  not  a v a i l a b l e  f o r  de l ive ry .  I n  t imes of energy emergency 



FIGURE 14.6 

T = TOTAL RESERVOIR CAPACITY 
TVS TOTAL VOI-UME OF GAS IN STORAGE RESER'VOIR 

SG = STORED GAS (excludes oll no:ive gos) 
C = CUSHION GAS 

SEGMENTS OF A GAS STORAGE RESERVOIR 



however, p o r t i o n s  of t h e  cush ion  g a s  may be withdrawn. From 20 t o  75 p e r c e n t  

of t h e  cush ion  g a s  w i l l  be  recovered  a t  abandonment of t h e  f a c i l i t y ,  depending 

upon r e s e r v o i r  h e t e r o g e n e i t y  ( Ikoku,  1980).  

The g a s  t h a t  i s  i n j e c t e d  and withdrawn s e a s o n a l l y  i s  c a l l e d  working gas .  

Also known a s  t o p  o r  c i r c u l a t i n g  g a s ,  i t  i s  t h a t  p o r t i o n  of t h e  t o t a l  s t o r a g e  

gas  t h a t  is a v a i l a b l e  f o r  d e l i v e r y .  

The unused c a p a c i t y  i s  t h a t  p o r t i o n  of t h e  r e s e r v o i r  p r e s e n t l y  

u n d e r u t i l i z e d  b u t  a v a i l a b l e  f o r  a d d i t i o n a l  s t o r a g e .  It i s  mainly  a  f u n c t i o n  

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

fo rmat ion  w i l l  a l s o  d i c t a t e  u l t i m a t e  g a s  s t o r a g e  volumes. 

From an  economic s t a n d p o i n t ,  i t  i s  d e s i r a b l e  t o  have a s  muck working g a s  

c a p a c i t y  a s  p o s s i b l e  i n  t h e  s t o r a g e  r e s e r v o i r  f o r  d e l i v e r y  t o  t h e  consumer. 

The volume of working g a s  w i l l  b e  l i m i t e d ,  however, by t h e  amount of c u s h i o n  

g a s  needed t o  m a i n t a i n  t h e  p r e s s u r e s  r e q u i r e d  f o r  adequa te  g a s  d e l i v e r a b i l i t y  

d u r i n g  peak demand p e r i o d s .  The f o l l o w i n g  t a b l e  shows t h e  volumes and 

p e r c e n t a g e s  of working g a s ,  cush ion  g a s ,  and unused c a p a c i t y  f o r  t h e  21 

n a t u r a l  g a s  s t o r a g e  p r o j e c t s  i n  New York S t a t e  ( a s  of 12/31/85) (NYSDEC, DMN, 

1986).  

T o t a l s  (MMCF) P e r c e n t  ----- 
Cushion Gas 85,403 48.4 
Working Gas 53,072 30.1 

Unused C a p a c i t y  ?8_~?80 21.5 
T o t a l  176,555 100.0 

c .  O _ ~ z a t i o n  of a  Gas S t o r a g e  -- R e s e r v o i r  - The o v e r a l l  o p e r a t i o n  of a  

n a t u r a l  g a s  s t o r a g e  f a c i l i t y  i s  dependent upon two c r i t i c a l  f a c t o r s  - t h e  

t o t a l  volume of g a s  t h a t  w i l l  be  r e q u i r e d  d u r i n g  t h e  peak demand h e a t i n g  

season  and t h e  d a i l y  d e l i v e r y  r a t e s  f o r  t h a t  volume. The s e a s o n a l  

f l u c t u a t i o n s  i n  g a s  demand stem from t h e  two-part  g a s  requ i rements  of t h e  

domestic gas  consumer. The f i x e d  l o a d  g a s  i s  t h a t  volume needed t o  r u n  



appl iances ,  water  h e a t e r s ,  c l o t h e s  d r y e r s ,  e t c .  This  load remains f a i r l y  

cons tan t  throughout t h e  year .  The space hea t ing  gas  i s  t h a t  used i n  furnaces ,  

hea t ing  s toves ,  e t c .  This  load f l u c t u a t e s  tremendously t hus  r e q u i r i n g  a  back- 

up supply system such a s  t h a t  o f f e r e d  by underground gas  s t o r a g e  (Borland, 

1957). 

The space hea t ing  gas  demand i s  determined by t h e  u t i l i t i e s  by s tudying  

gas  consumption i n  r e l a t i o n  t o  U.S. Weather Bureau r e p o r t s  of t h e  market ,area.  

The average domestic gas  consumer s t a r t s  t o  use gas  f o r  space hea t ing  purposes 

when t h e  average d a i l y  temperature  drops below 65°F (Borland, 1957). Each 

degree below 65°F i n  t h e  average d a i l y  temperature  i s  c a l l e d  a  degree day 

de f i c i ency .  An average d a i l y  temperature  of 60°F would r e s u l t  i n  5 degree day 

d e f i c i e n c i e s .  

S t u d i e s  of pa s t  y e a r ' s  gas  consumption y i e l d  an average consumer gas  

requirement expressed i n  terms of cubic  f e e t  of gas  per  day f o r  every degree 

below 65°F. This  value i s  m u l t i p l i e d  by t h e  number of degree day d e f i c i e n c i e s  

i n  an average w in t e r  and t h e  number of gas  consumers t o  determine t h e  t o t a l  

space hea t ing  load requirement f o r  a  p a r t i c u l a r  market a r ea .  There is  a  

v a r i a t i o n  of about 20 percent  from t h e  average f i g u r e  f o r  gas  requirements 

dur ing  extremely co ld  o r  warm win t e r s .  The peak gas  demand on a  d a i l y  b a s i s  

is  c a l c u l a t e d  i n  t h e  same manner from t h e  degree day de f i c i ency  of t h e  c o l d e s t  

days dur ing  t h e  win te r .  These e s t i m a t e s  a r e  t hen  made a v a i l a b e  t o  t h e  

wholesale  gas  s u p p l i e r s  s o  t h a t  they  can determine optimum gas s t o r a g e  volumes 

and peak supply r a t e s  (Borland, 1957). 

Given t h e  peak market demand from s t o r a g e  on a  seasona l  and d a i l y  b a s i s ,  

t h e  t o t a l  w e l l  and compression requirements a r e  determined f o r  minimum 

investment and ope ra t i ng  expense (Katz ,  e t .  a l . ,  1958). Enough i n j e c t i o n  and 

withdrawal w e l l s  a r e  d r i l l e d  t o  provide t h e  needed flow capac i ty  from t h e  

f i e l d .  















f e e  of f i v e  thousand d o l l a r s  w i l l  be assessed  pursuant t o  ECL 23- 

1301.5 a s  amended by t h e  1984 Sess ion  Laws. 

b. Operat ing a t  a  maximum f i e l d  p re s su re  which exceeds t h e  approved 

des ign  pressure .  The Department w i l l  r e q u i r e  t h a t  a  s u f f i c i e n t  

volume of gas  o r  LPG be withdrawn from t h e  s t o r a g e  r e s e r v o i r  t o  

lower t h e  p re s su re  t o  acceptab le  l e v e l s .  

c .  Refusal  t o  submit co r ros ion  t e s t i n g  d a t a  on s to rage  wel l s .  Upon 

r eques t ,  t h e  ope ra to r  w i l l  have t o  prove t o  t h e  Department t h a t  a l l  

s t o r age  w e l l s  a r e  i n  good mechanical cond i t i on  i n  l i e u  of co r ros ion  

s t u d i e s .  

I n  a d d i t i o n ,  t h e  annual  r epo r t  form w i l l  be amended t o  i nc lude  t h e  a c t u a l  

amounts of cushion gas  and working gas  t h a t  make up t h e  year-end s t o r a g e  

balance. 

Although an underground s t o r a g e  permit a s  i s sued  by t h e  Department is  i n  

f o r c e  i n d e f i n i t e l y ,  some s t o r a g e  p r o j e c t s  may be abandoned due t o  i n e f f i c i e n t  

ope ra t i on  o r  a decrease  i n  market demand. 

J. ABAN-D-NT OF UNDERGROUND STORAGE FACILITIES --- 

Because of t h e  cons t an t  need f o r  increased  energy s u p p l i e s  dur ing  t h e  

win te r  hea t ing  season,  t h e  abandonment and d ismant l ing  of an underground 

s to rage  f a c i l i t y  i s  a  r a r e  occurrence.  The average age of t h e  21 n a t u r a l  gas  

s to rage  p r o j e c t s  c u r r e n t l y  ope ra t i ng  i n  New York S t a t e  i s  30 years .  Most 

r ecen t ly ,  t h e  I n t e r n a t i o n a l  S a l t  I and I1 LPG s to rage  f a c i l i t i e s  were dep le t ed  

and shut-down a t  t h e  end of 1984. 

The Department i s  p r i m a r i l y  concerned wi th  t h e  proper abandonment of 

w e l l s ,  t h e  proper clean-up and r e s t o r a t i o n  of d i s tu rbed  s u r f a c e  a r e a s ,  and t h e  

s t a t u s  of t h e  abandoned s to rage  r e s e r v o i r .  



1. Well Abandonment 

For well abandonment in depleted gas sands, the rules and procedures are 

the same as for regular oil and gas wells. See the section dealing with the 

plugging and abandonment phase of well operations for details on the State's 

proposed abandonment regulatory program. 

I t  is  recommended that new regulations include specific abandonment 

procedures pertaining t o  wells i n  mined storage caverns or abandoned s a l t  

cavit ies .  An adequate sea l  must be fabricated t o  Isolate the well bore from 

the cavity or cavern so as t o  l imit transferral of f luids,  debris, e tc . ,  t o  or 

from the reservoir and adjacent formations. This could be accomplished by 

placing a permanent packer in the casing at the top of the storage formation 

and spotting a quantity of cement on top of the packer. 

2. Site Restoration 

The existing oil and gas legislation states that the premises of previous 

storage operations shall be placed in a condition which does not constitute a 

menace to the present or future health or safety of persons, or safety or 

value of property [ECL 23-13051. If an operator fails to meet his obligations 

as determined by the State, the Department may act tc place the premises in 

satisfactory condition with the operator being liable for the cost. 

Reclamation procedures for clean-up of compressor sites, buildings, access 

roads, etc. will be specified as permit conditions. Restoration of well sites 

will be governed according to the regulations pertaining to well abandonment. 

Environmental impacts from reclamation procedures will consist of 

temporary noise and dust emissions as sites are graded and cleaned. Short 

term increases in traffic on access roads and local routes will be realized as 

compressors are removed and equipment is transported. The planting of trees 

and shrubs may be required to restore the area to original conditions. 



3. Reservoir Abandonment .- 

The f i n a l  s t a t u s  of t h e  s to rage  r e s e r v o i r  a t  the time of abandonment of 

s to rage  opera t ions  i s  of utmost concern t o  t he  Department. P re sen t ly ,  t h e r e  

a r e  no r egu la t ions  governing r e s e r v o i r  abandonment procedures o r  documentation 

p r a c t i c e s .  A r e s e r v o i r  cannot be abandoned l i k e  a we l l  o r  l o c a t i o n ,  bu t  i t s  

s t a t u s  can  be assessed  and repor ted .  It is suggested that operators be 

required t o  submit an operational report summary when storage operations are 

terminated a t  the  f a c i l i t y .  This report should contain the following 

informat ion  : 

a .  A b r i e f  h i s t o r y  of s t o r a g e  opera t ions  inc luding  s t a r t - u p  and 

te rmina t ion  d a t e s  along wi th  d a t e s  of s i g n i f i c a n t  events  o r  changes 

i n  opera t ions .  

b. I n i t i a l  f l u i d s  in-place and t o t a l  volumes cycled through t h e  

r e s e r v o i r .  

c .  F ina l  f l u i d s  remaining i n  t h e  r e s e r v o i r  a t  abandonment inc luding  t h e  

amount of na t ive  gas ,  i f  any. 

d. Operating pressure  summary over t h e  l i f e  of t h e  p r o j e c t .  A f i n a l  

abandonment pressure  survey w i l l  be requi red .  

e.  Any o t h e r  in format ion  t h a t  t he  Department may r equ i r e .  

The e x i s t i n g  o i l  and gas l e g i s l a t i o n  s t a t e s  t h a t  a l l  gas  and LPG t h a t  has  

been reduced t o  possession and has  been l awfu l ly  i n j e c t e d  i n t o  a  s to rage  

r e s e r v o i r ,  s h a l l  remain the  proper ty  of t h e  i n j e c t o r ,  h i s  h e i r s ,  successors ,  

o r  a s s igns  [ECL 23-1307.11. This  does not  inc lude  n a t i v e  amounts of gas  o r  

LPG t h a t  e x i s t e d  i n  t he  r e s e r v o i r  p r i o r  t o  i n i t i a t i o n  of s to rage  opera t ions  

unless  r i g h t s  t o  t h e  n a t i v e  gas have been secured by l e a s e  o r  a c q u i s i t i o n .  

The opera t ing  pressure  summary w i l l  be used t o  a s s e s s  t h e  i n t e g r i t y  of t he  

r e s e r v o i r ,  c a v i t y ,  o r  cavern. A p a r t i c u l a r  problem a r e a  e x i s t s  concerning 

abandonment of a  s a l t  c a v i t y  o r  mined cavern a f t e r  withdrawal of s to rage  



f l u i d s .  Mined cave rns  a r e  designed t o  suppor t  themselves r e g a r d l e s s  of f l u i d  

volumes i n  s t o r a g e  s o  t h a t  c o l l a p s e  of t h e  abandoned cavern  is  h i g h l y  

un l i ke ly .  Leaching water  i n t o  t h e  cavern  over  t ime may cause  some s loughing  

which could compromise t h e  c a v e r n ' s  i n t e g r i t y .  Na tu r a l  d i s a s t e r s  such a s  

ea r thquakes  might a l s o  pose problems. S ince  cave rns  a r e  cons t ruc t ed  i n  

r e l a t i v e l y  sha l low bedrock, c o l l a p s e  of t h e  cavern  could cause  subs idence  

problems a t  t h e  su r f ace .  

An abandoned s a l t  c a v i t y  i s  f a r  more l i k e l y  t o  s u f f e r  s loughing  o r  

c o l l a p s e  oE some kind because of t h e  s t r a t i f i e d  na tu r e  of s a l t  beds.  S ince  

l a y e r s  o r  "ledges" of i n s o l u b l e  rock  occur  i n  most bedded s a l t  d e p o s i t s ,  

c r e a t i o n  of a  s o l u t i o n  c a v i t y  w i l l  cause  t h e  l edges  t o  become undermined 

( P i p e r ,  1970). The caving- in  of t h e s e  rock  l a y e r s  w i l l  c au se  a  d e b r i s  p i l e  t o  

accumulate i n  t h e  c a v i t y  a s  shown i n  F igure  14.4. Sknce t h e  s a l t  fo rmat ions  

used f o r  s t o r a g e  i n  New York S t a t e  a r e  a t  a n  average  dep th  of 2,900 f t . ,  

p o l l u t i o n  of f reshwate r  fo rmat ions  i s  h i g h l y  u n l i k e l y .  Neve r the l e s s ,  t h e  

Department w i l l  review s a l t  c a v i t y  abandonments t o  determine i f  s p e c i f i c  

m i t i g a t i o n  p l a n s  a r e  r equ i r ed .  F i l l i n g  t h e  c a v i t y  void w i th  Eoamed cement, 

s a t u r a t e d  b r i n e ,  o r  o t h e r  s l u r r y  m a t e r i a l s  may be warranted.  

4 .  .- Underground S torage  Abandonment Permit  

In order t o  ensure complete review of storage reservoir abandonment 

operations by the Department, i t  is suggested that new regulations require 

that an underground storage abandonment permit be obtained by the operator. 

The Depar tment ' s  permit  review process  w i l l  cons ide r  r e s e r v o i r  abandonment 

t e chn iques  i f  needed, a s  w e l l  a s  s u r f a c e  r e s t o r a t i o n  procedures  t o  be 

followed. I t  i s  recommended that the application for  the abandonment permit 

w i l l  be i n  the  form of an abandonment summary f i l e d  by the operator containing 

the following information: 



a .  A map d e t a i l i n g  t h e  f i n a l  r e s e r v o i r  and b u f f e r  zone boundar ies .  

' ~ c c e s s  r o a d s ,  compressor s i t e ( s ) ,  and w e l l  l o c a t i o n s  w i l l  a l s o  be 

shown. 

b. The r e s e r v o i r  abandonment r e p o r t  a s  d i s c u s s e d  p r e v i o u s l y .  

c .  Any o t h e r  i n f o r m a t i o n  a s  r e q u i r e d  by t h e  Department.  

A l a r g e  amount of emphasis w i l l  be p l a c e d  on  abandonment of a  s t o r a g e  

p r o j e c t  because  of t h e  p o t e n t i a l  l o n g  t e rm e f f e c t s  of s t o r a g e  o p e r a t i o n s  on 

t h e  environment and l o c a l  communities.  
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