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Pipeline  system  to  separate  a  two-phase  fluid  flow. 

©  An  integrated  system  for  separation  of  gas,  from 
a  two-phase  flow  of  oil  and  gas,  in  a  secondary  riser. 
The  oil  and  gas  is  transported  in  a  pipeline  (1),  e.g. 
from  an  oil  well,  at  the  seabed  and  by  risers  (2,  3) 
onto  the  platform.  The  main  riser  (2)  for  transporting 
oil  is  connected  to  an  oil  storing  tank  (4)  situated  on 
the  platform.  The  secondary  riser  is  connected  via  a 
T-junction  (5)  to  the  pipeline  (1)  at  a  distance  (X) 
from  the  main  riser  and  leads  to  a  gas  scrubber  (6) 
on  the  platform.  The  secondary  riser  contains  a 
regulating  valve  which  is  operated  by  controlled 
means  in  such  a  way  as  to  keep  the  interface 
between  the  gas  and  the  oil  at  a  relatively  constant 
location  in  the  pipeline  between  the  T-junction  and 

^■the  main  riser.  The  section  of  the  pipeline  (1)  be- 
^tween  the  T-junction  (5)  and  the  main  riser  (2)  incor- 
Iflporates  sensors  for  detecting  the  proximity  of  the 
O)  interface. 
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INTERGRATED  SYSTEM  FOR  TRANSFORMING  LIQUID  FLOW  PATTERNS 

ed.  The  apparatus  comprises  a  secondary  riser 
teed  off  the  main  transportation  pipeline  at  a  point 
where  the  pipeline  starts  to  make  a  large  loop,  and 
the  secondary  riser  leads  to  a  separator  tank  on 

5  the  platform  after  passing  a  choke  vaive.  When  a 
slug  passes  the  teed  off  secondary  riser,  some  of 
the  liquid  will  pass  into  the  secondary  riser.  At  the 
time  when  the  slug  has  passed  the  tee,  the  liquid 
in  the  secondary  riser  will  partly  flow  back  into  the 

w  main  pipeline  and  partly,  due  to  the  line  pressure, 
will  ascend  the  secondary  riser  and  pass  through 
the  choke  valve  and  into  the  separator  on  the 
platform. 

One  disadvantage  with  the  last-mentioned  sep- 
rs  arator  is  that  it  is  only  useful  for  so-called  normal 

slugs,  e.g.  slugs  located  in  the  main  pipeline,  and 
not  extreme  slugs  in  the  riser.  If  this  device  had 
been  designed  to  deal  with  extreme  slugs  in  the 
riser,  the  separator  on  the  platform  would  have  had 

20  to  have  been  designed  according  to  the  previously 
mentioned  methods  for  separation  of  a  two-phase 
flow,  and  in  those  circumstances  the  secondary 
riser  would  be  redundant. 

A  common  feature  of  the  aforementioned  three 
25  types  of  slug  catchers  is  that  all  three  make  use  of 

some  type  of  phase  separator  on  the  platform. 
Since  the  total  capacity  of  the  slug  catchers  has  to 
be  larger  than  the  largest  expected  slugs  it  will 
occupy  expensive  and  limited  space  on  the  plat- 

30  form. 
In  accordance  with  the  invention  a  system  for 

the  separation  underwater  into  phases  of  a  fluid 
flow  having  at  least  two  phases  comprises  an  un- 
derwater  pipeline,  a  main  riser  connected  to  the 

35  pipeline  and  a  secondary  riser  connected  to  the 
pipeline  upstream  of  the  main  riser  via  a  T-junction 
wherein  the  secondary  riser  ascends  to  a  separa- 
tion  plant  and  includes  flow  restriction  means, 
characterised  in  that  the  T-junction  is  positioned 

40  along  the  pipeline  a  prescribed  distance  from  the 
main  riser,  the  flow  restriction  means  is  a  controlled 
regulating  valve,  and  there  is  controlling  means 
responsive  to  the  position  of  the  liquid/gas  interface 
along  the  pipeline  for  controlling  the  setting  of  the 

45  regulating  valve  so  as  to  maintain  the  position  of 
the  said  interface  constant.  This  allows  for  a  total 
separation  of  the  phases  of  a  two-phase  flow  on  the 
seabed  and  outside  the  platform,  e.g.  in  a  pipe 
system  connecting  the  oil/gas  pipeline  on  the  seab- 

50  ed  with  the  processing  plant  onshore. 
The  system  is  especially  designed  to  deal  with 

extreme  slugs  which  occur  normally  at  low  liquid 
and  gas  velocity,  i.e.  at  startup  and  shut-down  of 
the  production.  The  main  advantage  of  the  system, 
which  is  designed  to  be  located  on  the  seabed,  is 

The  present  invention  relates  to  a  system  for 
the  separation  underwater  of  the  phases  of  a  two- 
phase  fluid  flow  into  respective  risers,  e.g.  as  with 
an  offshore  platform,  where  oil  and  gas  are  trans- 
ported  by  a  pipeline  along  the  seabed  and  by 
risers  to  the  platform. 

When  developing  an  oil  and  gas  offshore  field 
it  is  desirable  to  transport  the  oil/condensate  and 
gas  in  a  two-phase  flow-line.  The  pipeline  will  be 
connected  to  a  main  riser  leading  the  oil  and  gas  to 
the  platform.  However,  slugging  is  a  relatively  com- 
mon  problem  associated  with  two-phase  flow  of  oil 
and  gas  in  pipelines  and  in  risers.  It  constitutes  the 
formation  of  a  plug  of  oil,  which  has  separated  from 
the  two-phase  flow.  The  probability  of  slugging  is 
relatively  large.  Hence  the  process  apparatus  have 
to  be  designed  to  handle  the  phenomenon. 

A  two-phase  flow  in  a  horizontal  pipeline  sys- 
tem  gives  various  flow  patterns  depending  on  the 
pipe  diameter,  geometry  temperature  and  type  of 
oil.  Generally  said,  the  flow  pattern  can  be  divided 
into  the  following  categories:  stratified,  bubble,  slug 
and  annular  flow. 

A  two-phase  flow  in  a  vertical  pipe  can  also  be 
divided  into  various  flow  patterns.  Technically 
speaking  the  slug  flow  will  give  the  greatest  prob- 
lems  as  mentioned  above.  There  are  two  types  of 
slugging,  the  normal  slugging  and  extreme  slug- 
ging.  The  extreme  slugging  depends  on  the  geom- 
etry  and  occurs  only  in  the  riser  when  the  oil  and 
gas  velocity  is  so  low  that  the  horizontal  flow  is 
stratified.  Normal  slugging  is  hydrodynamic  and 
can  be  formed  both  in  the  horizontal  and  the  verti- 
cal  pipe  section. 

To  avoid  slugs  having  to  be  carried  directly  to 
a  slug  catcher  system  in  process  apparatus  on  an 
offshore  platform,  a  separator  for  separation  of  the 
liquid-  and  gaseous  phase  has  previously  been 
developed.  In  such  a  known  pipe  separator  the  gas 
and  oil  are  separated  by  feeding  the  flow  from  one 
common  pipe  into  two  or  more  parallel  pipes.  Such 
separators  require  large  space  and  are  expensive 
to  build. 

Separators  based  on  a  large  volume  tank, 
where  the  tank  capacity  is  dimensioned  to  handle 
the  peak  value  of  the  liquid  flow,  are  also  known. 
Such  separators  require  less  space  than  the  ab- 
ovementioned  separator,  but  they  require  a  com- 
plicated  regulation  system  of  the  liquid  level. 

One  other  type  of  separator  is  known  from 
Norwegian  patent  application  No.  853656.  This  is  a 
separator  for  dealing  with  the  accumulation  of  slugs 
during  transmission  of  offshore  natural  oil  and  gas. 
It  is  partly  based  on  a  separator  located  on  the 
platform,  partly  on  a  separator  located  at  the  seab- 
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detectors  of  another  type  capable  of  detecting  the 
presence  of  the  liquid/gas  interface.  Such  detectors 
might  comprise  pressure  sensors  located  in  the 
scrubber,  the  storing  tank  and  the  pipeline.  By 

5  means  of  the  difference  and  the  variation  of  pres- 
sure  the  position  of  the  liquid/gas  interface  in  the 
pipeline  can  be  determined. 

To  optimize  the  separation  of  the  oil  and  gas 
the  pipes  may  have  different  diameters  and 

w  lengths.  To  determine  the  optimum  length  of  the 
pipes  it  is  important  to  make  sure  that  the  system 
can  deal  with  the  peak  values  of  slugs.  Tests  have 
shown  that  a  distance  X  between  the  T-junction  5 
and  the  riser  2  should  be  at  least  two  times  the 

75  height  of  the  riser. 
Although  as  noted  above  the  pipes  can  be  of 

different  diameters,  it  is  regarded  as  being  an 
advantage  to  be  able  to  clean  the  inside  of  the 
pipes  by  using  a  "pig".  The  pipeline  1  and  the 

20  risers  2,  3  should  therefore  have  the  same  diam- 
eter  and  be  as  free  as  possible  of  obstacles  such 
as  valves,  bends,  etc. 

The  angle  of  inclination  of  the  pipeline  between 
the  tee  section  and  the  riser  is  also  important. 

25  Tests  have  indicated  that  it  should  be  approxi- 
mately  2  to  the  horizontal.  To  achieve  the  best 
separation  of  the  two-phase  flow  the  angle  between 
the  upright  of  the  T-junction  5  and  the  main  pipe- 
line  1  may  be  an  angle  other  than  90°,  as  illus- 

30  trated  in  the  drawings. 

that  it  has  no  moving  parts,  is  simple  and  easy  to 
manufacture,  and  is  reliable  and  simple  to  maintain. 

The  invention  is  now  described,  by  way  of 
example,  with  reference  to  the  accompanying 
drawings,  in  which: 

Fig.  1  is  a  schematic  drawing  of  an  offshore 
oil  platform  including  a  system  generally  in  accor- 
dance  with  the  invention;  and 

Fig.  2  is  a  simplified  process  illustrating  the 
system. 

Figure  1  illustrates  an  offshore  platform  10  for 
transportation  and  processing  of  oil  and  gas  from  a 
remote  subsea  installation  or  well  via  a  riser  2  to 
the  processing  plant  on  the  platform  10.  The  pipe- 
line  1  is  connected  to  a  separate  secondary  riser  3 
via  a  T-junction  5  located  at  a  distance  X  from  the 
riser  2. 

As  shown  in  Fig.  2,  the  secondary  riser  is 
connected  to  a  gas  scrubber  6  located  on  the 
platform.  A  storage  tank  4  is  provided  with  a  drain- 
pipe  12  for  the  oil  and  one  discharge  pipe  13  for 
any  gas  that  has  evaporated  from  or  was  mixed 
with  the  oil. 

A  detection  means  8  is  provided  to  determine 
the  location  along  the  pipe  1  of  any  oil/gas  inter- 
face.  As  shown,  this  detector  comprises  five  ca- 
pacitive  detectors  K1-K5  arranged  in  the  pipeline 
section  between  the  T-junction  5  and  the  riser  2. 
The  capacitive  detectors  K1  -Ks  detect  the  presence 
of  an  oil/gas  interface  in  the  pipeline.  The  capaci- 
tive  detectors  are  connected  to  a  level  indicator 
and  give  electrical  signals  to  a  control  unit  (not 
shown)  which  controls  a  regulating  valve  7  located 
on  the  secondary  riser  3. 

The  oil  and  gas  transported  in  the  main  pipe- 
line  1  are  separated  at  the  T-junction  5,  where  the 
gas  components  of  the  two-phase  flow  pass  into 
the  secondary  riser  3  and  the  oil  components  pass 
into  the  pipeline  1  downstream  of  the  T-junction 
and  into  the  riser  2.  The  pipeline  1  between  the  T- 
junction  and  the  riser  2  should  be  slightly  sloped 
so  that  a  liquid  seal  is  formed  in  the  riser.  The 
regulating  valve  7,  by  venting  the  gas,  regulates 
the  pressure  in  the  pipeline  1  and  in  the  riser  2.. 
The  regulation  is  done  according  to  the  signals 
from  the  capacitive  detectors  K1-K5  in  the  pipeline. 
Thus  the  regulating  valve  7  will  open  at  increasing 
gas  pressure  in  the  secondary  riser  when  the 
liquid/gas  interface  reaches  the  detector  K1.  The 
riser  2  will  therefore  contain  fluid  which  is  100%  oil 
and  the  oil/gas  interface  at  all  times  will  be  located 
between  the  T-junction  and  the  riser  2. 

The  accuracy  of  the  oil/gas  interface  detection 
is  of  course  dependent  on  the  number  of  detectors 
situated  in"  the  pipeline  and  the  distance  between 
them.  The  detection  means  may  comprise  more  or 
less  than  five  capacitive  detectors  or  equivalent 

Claims 

35  .  1  .  A  system  for  the  separation  underwater  into 
phases  of  a  fluid  flow  having  at  least  two  phases, 
such  as  oil  and  gas  from  a  seabed  oil  well,  said 
system  comprising  an  underwater  pipeline,  a  main 
riser  connected  to  the  pipeline  and  a  secondary 

40  riser  connected  to  the  pipeline  upstream  of  the 
main  riser  via  a  T-junction  wherein  the  secondary 
riser  ascends  to  a  separation  plant  and  includes 
flow  restriction  means,  characterised  in  that  the  T- 
junction  5  is  positioned  along  the  pipeline  1  a 

45  prescribed  distance  from  the  main  riser  2,  the  flow 
restriction  means  7  is  a  controlled  regulating  valve, 
and  there  is  controlling  means  8  responsive  to  the 
position  of  the  liquid  gas  interface  along  the  pipe- 
line  for  controlling  the  setting  of  the  regulating 

50  valve  so  as  to  maintain  the  position  of  the  said 
interface  constant. 

2.  A  system  according  to  Claim  1  wherein  the 
controlling  means  includes  sensing  means  K1  to  K5 
located  at  least  along  the  pipeline  between  the 

55  main  riser  2  and  the  T-junction  5  connecting  the 
secondary  riser  3  to  the  pipeline. 
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3.  A  system  according  to  Claim  2  wherein  the 
sensing  means  comprises  a  sequence  of  capacitive 
detectors  K1-K5  in  the  pipeline,  each  responsive  to 
the  proximity  of  the  gas/liquid  interface. 

4.  A  system  according  to  Claim  2  wherein  the  5 
sensing  means  comprise  pressure  sensors  and  the 
latter  are  arranged  also  in  the  scrubbing  means  6 
and  in  tank  storage  means  4,  both  of  which  means 
are  within  the  separation  plant. 

5.  A  system  according  to  any  preceding  claim  10 
wherein  the  distance  between  the  T-junction  5 
which  connects  the  secondary  riser  3  to  the  pipe- 
line  1  and  the  main  riser  2  is  at  least  twice  the 
height  of  the  main  riser. 

6.  A  system  according  to  any  preceding  claim  75 
wherein  the  portion  of  the  main  pipeline  situated 
between  the  two  risers  is  inclined  upward  away 
from  the  T-junction. 

7.  A  system  according  to  Claim  6  wherein  the 
angle  of  inclination  is  2°  .  20 
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