
CHAPTER I 
INTRODUCTION

A s re se rv o irs  n e a r  to  sh o re  b eco m e  d ep le ted , n ew  w e lls  n eed  to  be  d rilled  
fu rth e r o ffsh o re . T h e  d riv e  to w ard s  d eep  w a te r p ro d u c tio n  is ev id e n c e d  by  th e  d a ta  
p re sen ted  in  T ab le  1.1

Table 1.1 W o rld  reco rd s  fo r su b -sea  p e tro leu m  p ro d u c tio n  (A zev ed o  an d  T e ix e ira , 
2 0 0 3 )

Y ear W ate r d e p th  (m )
1983 208
1987 492
1993 781
1995 1020
2 0 0 0 1853

T h e  tab le  p re sen ts  th e  w a te r d ep th  reco rd s  e s tab lish ed  in  su b -sea  p e tro leu m  
p ro d u c tio n  w e lls  in  th e  la s t tw o  d ecad es  (A zev ed o  an d  T e ix e ira , 2 0 0 3 ). A s n ew  w e lls  
a re  d rilled  fa rth e r fro m  th e  shore , th e  o il m u st be  tra n sp o rte d  w ith  lo n g e r p ip e lin e s  
a lo n g  th e  c o ld  o cean  floo r. T h is  co ld  su rro u n d in g  lead s to  a  d e p o s itio n  o f  w ax es  
in s id e  th e  tra n sp o rt p ip e lin e s  b ecau se  th e  so lu b ilitie s  o f  h ig h  m o le c u la r  w e ig h t 
p a ra ffin s  o r  w ax es  in  th e  cru d e  o il d ec rease  d ra s tica lly  w ith  d ec rea s in g  tem p era tu re . 
F ig u re  1.1 sh o w s a  cro ss sec tio n  o f  th e  p ip e lin e  filled  w ith  th e  w a x -o il gel.
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F ig u r e  1.1 C ro ss-sec tio n a l v iew  o f  p lu g g ed  p ip e lin e .

T h e  d e p o s itio n  o f  p a ra ffin ic  w ax es  d u rin g  th e  tra n sp o rta tio n  o f  c ru d e  o il is 
re sp o n s ib le  fo r  lo sse s  o f  m illio n s  o f  d o lla rs  an n u a lly  to  th e  p e tro le u m  in d u stry . 
P re v e n tio n  an d  re m e d ia tio n  o f  w ax  d ep o s itio n  in  tra n sp o rt p ip e lin e s  a re  v ita l to  th e  
p ro d u c tio n  o f  c ru d e  o il an d  gas co n d en sa te . In su la tio n  o f  th e  p ip e lin e s  h as  b een  u sed  
to  red u ce  a  w a x  d e p o s itio n  p ro b lem . R em o v a l o f  th e  d ep o s ited  w a x e s  can  b e  d o n e  by  
u s in g  m an y  te c h n iq u e s  su ch  as m ech an ica l rem o v a l an d  ch em ica l in je c tio n  (A zev ed o  
an d  T e ix e ira , 2 0 0 3 ).

In  o rd e r  to  av o id  b o th  o v e r an d  u n d e r p ro te c tiv e  o p e ra tio n a l g u id e lin es , 
h ig h  re liab ility  fro m  w ax  p rec ip ita tio n  and  d ep o s itio n  m o d e ls  is  req u ired . O n se t 
p re c ip ita tio n  te m p e ra tu re s  o r c lo u d  p o in t te m p e ra tu re s  in  n -a lk an e  m ix tu re s  can  be  
su ccessfu lly  p re d ic te d  by  th e rm o d y n am ic  m o d e l u s in g  E n tro p ie  f ree -v o lu m e  an d  
U N IQ U A C  m o d e l to  d e sc rib e  th e  n o n id ea lity  in  liq u id  an d  so lid  p h ase  re sp ec tiv e ly  
(C o u tin h o , 1999). H o w ev er, th is  w o rk  h as  b een  k n o w n  th a t th e  th e rm o d y n am ic  
m o d e l o n ly  p ro v id e s  th e  ex c e lle n t p re d ic tio n  fo r « -a lk an es  sy stem s b u t it d o es  n o t 
g iv e  a  g o o d  p re d ic tio n  fo r sy s tem s co n ta in in g  n o n p a ra ffm ic  so lv en ts . W ax  m o lecu le s  
p rec ip ita te  o u t fro m  a  c o m p lex  c ru d e  o il w h ic h  co n s is ts  o f  a  w id e  ran g e  o f  
h y d ro ca rb o n s  su ch  as  p a ra ffin s , n ap h th en es , an d  a ro m atic s . T h e re fo re , th is  s tudy  
fo cu ses  o n  th e  p re c ip ita tio n  o f  w ax  in  d iffe ren t ty p es  o f  so lv en ts  a n d  th e  m o d ific a tio n  
o f  th e  th e rm o d y n a m ic  m o d e l (C o u tin h o , 1999) to  p re d ic t th e  p rec ip ita tio n . T h e
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m o d if ic a tio n  is  m ad e  o n  th e  re s id u a l co n trib u tio n  to  th e  liq u id  p h ase  ac tiv ity  
co e ffic ien t. T h ree  d iffe ren t ty p es  o f  o rg an ic  so lv en ts , a ro m a tic s , /7-alkanes an d  
cy c lo a lk an es , w ere  u sed . T h e  c lo u d  p o in t tem p e ra tu re  w h ic h  is o n e  o f  th e  m o s t u sed  
p a ram e te rs  to  s tu d y  w ax  p rec ip ita tio n  w as รณd ied  in  th is  w o rk . T h e  c lo u d  p o in t 
te m p e ra tu re  o r  w ax  ap p eran ce  tem p era tu re  (W A T ) is d irec tly  re la te d  to  th e  so lu b ility  
o f  w ax  in  a  f lu id  an d  d e fin ed  as th e  tem p e ra tu re  a t w h ic h  th e  f irs t d e tec tab le  p a ra ffin  
m o lecu le  p re c ip ita te s  o u t w h en  th e  m ix tu re  is g rad u a lly  co o led .
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