
BACKGROUND AND LITERATURE SURVEY
CHAPTER II

2.1 Background

In th e co u n tr ies  that u t iliz e  the natural g a s , th e d em an d  o f  natural gas  
is  n ot co n sta n t. In the c o ld  w eath er  co u n tr ie s , th e d em an d  o f  natural gas is  
h ig h  in w in ter , but it is  lo w  in su m m er. It is  o p p o s ite  from  h ot w ea th er  
co u n tr ies . T h e p ro b lem  o f  natural gas is  the p ro b lem  o f  u n sta b le  d em and. 
N atural g a s sto ra g e  is  the g o o d  w a y  to s o lv e  the p ro b lem  b y  in jec tin g  the  
natural g a s in  lo w  d em an d  p eriod  and su p p ly in g  in the h ig h  d em an d  p eriod  
than the p ro b lem  can  b e so lv e d .

In natural gas sto ra g e , the m ain  eq u a tio n s are m ass b a la n ce  d acay  la w  
and gas la w . T he co m b in a tio n  o f  th e m ain  eq u a tio n s b e c o m e s  th e g o v ern in g  
eq u a tio n  w h ic h  is  re la ted  in form  o f  partial d ifferen tia l eq u a tio n  (P D E ).
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T he g a s p o ten tia l ( O  ) is  d e fin ed  as sh o w n  b e lo w
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Equation 2.1 is rearranged as show n in Equation 2.3
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Ts a
T he s im u la tio n  p rogram  can  be u sed  to  s o lv e  cp o f  th is  p rob lem . It is  

c o n v e n ie n t  to  so lv e  s im u lta n eo u s  p ro b lem . T he program  can  p red ic t the
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am ou n t o f  w ith d ra w n  gas b y  u s in g  the n u m erica l m eth o d , w h ich  is  c a lle d  
Im p lic it  A lte r n a tin g -D ir e c tio n  M eth od  (IA D ) h a v in g  g en era l eq u a tio n  as 
sh o w n  in E q 2 .4 . (W ilk e s , 1 9 9 9 )
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2.2 Literature Survey

Park et al. ( 2 0 0 2 )  stu d ied  on  natural ga s sto ra g e  b a sed  on  the  
co n tin u u m  d u a l-p o r o s ity  c o n cep t b y  u s in g  n u m erica l s im u la tio n . T h e m o d e l  
w a s a ssu m ed  that the fractures form  v ery  regu lar p attern s, d iffe r e n t from  f ie ld  
o b serv a tio n s . In th is  p rob lem , a m eth o d  is  p ro p o sed  to  co n s id er  the  
ch a ra c ter is tic s  o f  the real fracture sy ste m  and d e v e lo p  a tw o -p h a se  tran sien t 
f in ite  e le m e n t m eth o d  (F E M ) (T E N F E M ) m o d e l ab le  to  im p lem en t an 
e f fe c t iv e  p erm ea b ility  ten sor . A  s tea d y -sta te  F E M  (E P C ) m o d e l a lso  co d ed  in  
th is  w ork . T h e d e v e lo p e d  m o d e ls  w ere  a p p lied  to reserv o ir  o f  a m u lt iw e ll  
ex p er im en t (M W X ) s ite  to d em o n stra te  v a lid ity  and a p p lic a b ility  o f  the  
m o d e ls . T h e estim a ted  a v era g e  p erm ea b ility  in  th e M W X  is  a lm o st id en tica l 
com p ared  to  th e resu lts  o f  th e w e ll te s t  a n a ly s is . T h en  the n u m erica l 
s im u la tio n  w ith  the T E N F E M  m o d e l w a s p erform ed  by u s in g  th e tran sien t  
p ressu re  record ed  from  a g a s w e ll  te st on  the M W X  # 1 . From  th e re su lts , it 
w a s n oted  that th e m o d e l w ith  e f fe c t iv e  p e r m e a b ilit ie s  gen era ted  a lm o st  
id en tica l re su lts  a g a in st th e D F N  m o d e l in th e a sp ec ts  o f  the b eh a v io r  and the  
d irec tio n  o f  flu id  p ro p a g a tio n  w ith  p ressu re  d e c lin e , and th erefo re  th e  
p ro p o sed  m o d e l is  co n s id e r e d  to be m ore e f f ic ie n t  in  term s o f  th e co m p u ta tio n  
tim e  as w e ll as the required  storage  ca p a c ity .

Tan et al. (2 0 0 1 ) studied on an optim ization  running analysis o f  bottom  
water drive underground natural gas storage in seasonal peak shaying. The change in 
seasonal city  natural gas consum ption decides the injection-production perform ance  
process o f  underground natural gas storage. O w ing to the heterogeneity o f  g eo log ica l 
structure used as underground natural gas storage and different capacities o f  storing
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and transm itting fluid in reservoir. A ccord ing to the injection-production  
perform ance m athem atical m odel o f  underground natural gas storage o f  bottom  
water drive dep letion  type gas reservoir. In the running o f  gas storage, the m inim um  
pow er consum ed at com pressor station and the m axim um  peak-shaving gas  
production supplied  to city  are taken as the objective functions in sum m er and winter  
respectively . Then in light o f  each restrict conditions, the optim um  running m odes in 
sum m er and w inter are set up by use o f  com p osite  optim um -regulating m ethod. So  
providing a theoretical fundam ental concept for optim izing  running m ode o f  
practical underground natural gas storage in seasonal peak shaving.

K ilincer et al. (2 0 0 0 ) studied on cush ion  gas to m akes the largest part o f  the 
investm ent in underground gas storage. The su ggested  m ethod o f  reducing this cost 
is the replacem ent o f  som e parts o f  the cushion  gas w ith  less exp en siv e  inert gas. In 
the replacem ent, there m ight be som e problem s due to m ixing betw een  natural gas 
and inert gas. There are no underground storage units, but they have tw o gas  
reservoirs. From  this point o f  v iew , the gas-m ixin g  problem  is investigated  for a 
typical gas reservoir by coupled use o f  a gas reservoir sim ulator and a transport 
m odel. The m odel uses sing le-phase num erical in tw o-d im en sion al (2 -D ) to sim ulate  
the gas reservoir. The sim ulator is develop ed  to obtain the pressure distribution  
during production and injection cycles. The transport m odel is used to calculate  
nitrogen concentrations around the injection w ells . B oth m odels are used e ffec tiv e ly  
for controlling the m ix in g  problem  in an underground gas storage reservoir.

M isra et al. (1 9 9 9 ) studied on  the use o f  inert gas to substitute all or part o f  
the base gas requirem ents in underground natural gas storage fie ld s is a prom ising  
tech n ology  that has been successfu l. A  storage field  in the บ .ร . has been selected  to 
illustrate detailed  data co llection  and analysis that w ill lead to form ulation o f  a plan 
to inject inert gas and predict long term field  perform ance using reservoir m odels. 
The reservoir m od elin g  are favorable features that w ou ld  m ake a field  an attractive 
candidate for inert gas use. The storage fie ld  operations can be predicted w ith  the 
help o f  reservoir sim ulators n ow  available.

Tan et al. (1 9 9 9 ) studied on O ptim ization o f  underground natural gas  
storage reservoir in sum m er. W hen gas is injected, the m athem atical m odel o f  
injection production perform ance o f  w ater-driving underground gas reservoir, the
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dynam ic characteristics o f  pressure and saturation in reservoir are set up. The 
m inim um  pow er consum ed in sum m er and the total am ount o f  natural gas in a g iven  
period are optim um  operation in sum m er by use o f  com p osite  optim um -regulating  
m ethod.

Sonier et al. (1 9 9 3 ) studied on F u ll-fie ld  gas storage sim ulation  using a 
control-volum e fin ite-elem en t m odel. S im ulations and history-m atches have been  
perform ed in itia lly  w ith  a fin ite-d ifferen ce m odel using a cartesian local grid 
refinem ent technique. F o llow in g  this, a general-purpose m odel including a control- 
volu m e fin ite-elem en t (C V F E ) m ethod has been used. The sim ulator use 3- 
dim ensional fu ll-fie ld  m ulti-phase reservoirs. The ability o f  sim ulation confirm s by  
to real reservoir studies.

B ittk o w  et al. (1 9 9 1 )  stu d ied  on  S im u la tio n  o f  c o n v e r s io n  o f  L o b o d ice  
u n d ergrou n d  g a s sto ra g e  fa c ility  from  to w n  gas to  natural gas. T he reservo ir  
e n g in e e r in g  p ro ject o f  c o n v e r s io n  has b een  d e v e lo p e d  b y  a 2 D  s im u la tio n  
m o d e l o f  ga s m ix in g  in  an aq u ifer  gas storage . B e s id e s  th e m ix in g  p rob lem  
th e m a in ten a n ce  o f  th e aq u ifer  p ressu re  b a la n ce  du rin g  c o n v e r s io n  had to  be  
co n sid ered , to  p rev en t a reserv o ir  b lo c k in g  b y  w ater in f lo w . From  the  
s im u la tio n  re su lts  a b ase  load  p erfo rm a n ce  is  p ro p o sed  for th e first c o n v e r s io n  
c y c le s  w ith  a lim ited  a c tiv e  g a s v o lu m e . T h e te c h n o lo g y  o f  f lo o d in g  gas by  
g a s is  su ita b le  on  gas q u a lity , but n eed s a d d itio n a l eq u ip m en t e ffo rt. T he load  
p erfo rm a n ce  o f  the sto ra g e  the resid u a l to w n  gas co n cen tra tio n  in  th e p rod u ced  
natural ga s in crea se s .
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