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1. Num e rical m e th od: Mixe d-finite -volum e

2. Line -w e ll m ode l

3. Mode l validation
Quarte r of a five -s pot production-inje ction patte rn

Oil production rate s  of th e  line -w e ll m ode l at tw o grid 
re s olutions  us ing th e  m ixe d finite -volum e  form ulation. 
 Diffe re nce s  in production rate  due  to ch ange s  in grid 
re s olution are  in acce ptable  range .

Th e  grid re fine m e nt s tudy is  pe rform e d us ing th e  Pe ace m an's  
m ode l and th e  finite  diffe re nce  m e th od (Eclips e TM).  O il rate s  
at tw o grid re s oultions  are  s h ow n.  Sim ilar be h avior is  
obs e rve d in th e  finite  diffe re nce  m e th od h e re  as  in th e  line -w e ll 
m ode l w ith  th e  m ixe d finite -volum e  m e th od. 

Flux is  approxim ate d in RT0 s pace .

Finite -volum e  form ulation:

Flow  rate :

Production Inde x:

4. Com ple x ge om e try and w e ll configuration e xam ple s

4.1 Multilate ral w e ll
A dom e -s h ape d dom ain is  us e d to de m ons trate  th e  applicability of th e  line -w e ll m ode l in m ultilate ral 
configuration.  Th e  dom ain is  approxim ate ly 1500 fe e t long, 1000 fe e t w ide  and 375 fe e t in h e igh t.

Th re e  production late rals  are  place d as  s h ow n in th e  follow ing figure s .  Th e  bottom  of th e  dom ain 
is  an aq uife r at cons tant boundary pre s s ure .

Th e  dom e -s h ape d dom ain and th e  th re e  
late rals .

Th e  te trah e dral m e s h .

O il pre s s ure  dis tribution at 5000 days . O il s aturation at 500 days .

O il s aturation at 2000 days . O il s aturation at 5000 days .

O il rate s  and cum ulative  oil productions
P1 is  th e  one  in th e  front, P2 is  th e  one  on th e  righ t and P3 is  on th e  le ft.

3.1 Validation th rough  grid re fine m e nt s tudy

Abs tract
1. A nove l line -w e ll m ode l is  propos e d for m ultilate ral 
and m axim um  contact w e lls .

2. Th e  propos e d m ode l is  s uitable  for h igh ly 
h e te roge ne ous  dom ain.

3. Ve rification of th e  line -w e ll m ode l is  done  th rough  
grid re fine m e nt s tudy and com paris on w ith  
Pe ace m an's  m ode l.

4. Th e  line -w e ll m ode l is  im ple m e nte d us ing th e  m ixe d 
finite -volum e  m e th od in th is  pape r but it can als o be  
im ple m e nte d in finite  diffe re nce  m e th od.

5. Com plicate d dom ains  are  s im ulate d to de m ons trate  
its  s uitability for e m be dding w e lls  in s ys te m s  of 
com ple x ge om e try.

3.2 Validation w ith  th e  Pe ace m an's  m ode l
Th e  oil production rate s  from  th e  tw o com parable  fine r grids  
are  re plote d in th e  follow ing graph .  Th e re  is  ve ry good 
agre e m e nt be tw e e n th e  re s ults  from  th e  tw o w e ll m ode ls .

Th e  low e s t oil pre s s ure  is  at th e  junction of th e  th re e  late rals  and th e  h igh e s t oil pre s s ure  is  at th e  aq uife r boundary.  O il s aturation 
dis trubutions  at diffe re nt tim e s  indicate  th e  m igration of w ate r from  th e  aq uife r tow ard th e  th re e  production late rals .

2D

W e ll in a 3D te trah e dron
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P1



Cas e  I
Inne r laye r: k  = 10 m d 
Oute r laye r: k  = 100 m d

Cas e  II
Inne r laye r: k  = 100 m d
Oute r laye r: k  = 10 m d

Te m p. dis tribution at 2000 days  w ith  w ate r inje ction 
te m p. = 800 R. 

Te m p. dis tribution at 2000 days  w ith  w ate r inje ction 
te m p. = 9 00 R. 

W ate r s aturation contour at Sw =0.3, tim e =1000 days  and w ate r inje ction te m pe rature s  are  800 R and 9 00 R.
Quick e r w ate r m igration is  obs e rve d at h igh e r w ate r inje ction te m pe rature .

4.2 Com ple x ge om e try: Th e rm al s im ulation

Th e  dom ain and th e  
place m e nt of tw o w e lls . Th e  te trah e dral m e s h .

Oil production rate s  incre as e  as  inje ction te m pe rature  
incre as e s .

4.3 Com ple x ge om e try: Black  oil s im ulation:
Tw o black  oil s im ulations  of th e  folde d dom ain w ith  diffe re nt 
pe rm e ability dis tributions  are  s tudie d to de m ons trate  th e  us ability 
of th e  line -w e ll m ode l and th e  m ixe d-finite -volum e  form ulation.

Oil pre s s ure  dis tribution at 2000 days .

W ate r s aturation dis tribution at 500 days .

W ate r s aturation dis tribution at 1000 days .

W ate r s aturation dis tribution at 2000 days .

O il production rate s  and 
cum ulative  oil 
productions  of Cas e  I 
and II.
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Th e re  are  tw o core s ; th e  inne r core  is  at a pe rm e ability of 10 m d, and th e  
oute r core  h as  100 m d pe rm e ability.
An oil-production w e ll is  place d at th e  top and a h ot-w ate r-inje ction w e ll is  
place d at th e  bottom .  

Low e r pe rm e ability inne r core  affords  th e  pos s ibility of w ate r e ncroach m e nt and s w e e p of th e  oute r core .  H igh e r 
pe rm e ability inne r core  ge ts  th e  w ate r to th e  production w e ll, pre ve nting e fficie nt dis place m e nt in th e  oute r core .
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