Abstract
1. A novel line-well model is proposed for multilateral
and maximum contact wells.

2. The proposed model is suitable for highly
heterogeneous domain.

3. Verification of the line-well model is done through
grid refinement study and comparison with
Peaceman'’s model.

4. The line-well model is implemented using the mixed
finite-volume method in this paper but it can also be
implemented In finite difference method.

5. Complicated domains are simulated to demonstrate
its suitability for embedding wells in systems of
complex geometry.

1. Numerical method: Mixed-finite-volume

Flux is approximated in RTO space.
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Finite-volume formulation:
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2. Line-well model
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3. Model validation
Quarter of a five-spot production-injection pattern
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3.1 Validation through grid refinement study

Oil production rates of the line-well model at two grid
resolutions using the mixed finite-volume formulation.
Differences in production rate due to changes in grid
resolution are in acceptable range.

70

| [
1682 triangles

450 triangles
60 |- —

50 |- —

40

30

20

0il Production Rate [STB/day]

10

| I |
0
0 200 400 600 800 10

Time [days]

The grid refinement study is performed using the Peaceman's
model and the finite difference method (EclipseTM). Oil rates
at two grid resoultions are shown. Similar behavior is
observed in the finite difference method here as in the line-well
model with the mixed finite-volume method.
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3.2 Validation with the Peaceman's model

The oil production rates from the two comparable finer grids
are reploted in the following graph. There is very good
agreement between the results from the two well models.
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4. Complex geometry and well configuration examples

4.1 Multilateral well

A dome-shaped domain is used to demonstrate the applicability of the line-well model in multilateral

configuration. The domain is approximately 1500 feet long, 1000 feet wide and 375 feet in height.
Three production laterals are placed as shown in the following figures. The bottom of the domain

IS an aquifer at constant boundary pressure.

The dome-shaped domain and the three The tetrahedral mesh.
laterals.
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The lowest oil pressure is at the junction of the three laterals and the highest oil pressure is at the aquifer boundary. Oil saturation
distrubutions at different times indicate the migration of water from the aquifer toward the three production laterals.

Oil pressure distribution at 5000 days. Oil saturation at 500 days.
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Oil saturation at 2000 days. Oil saturation at 5000 days.
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Oil rates and cumulative oil productions
P1 is the one in the front, P2 is the one on the right and P3 is on the left.
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Center 4.3 Complex geometry: Black oil simulation:
Two black oil simulations of the folded domain with different
permeability distributions are studied to demonstrate the usability

4.2 Complex geometry: Thermal simulation of the line-well model and the mixed-finite-volume formulation.
The domain and the Case | Case |l
placement of two wells. The tetrahedral mesh. Inner layer: k = 10 md Inner layer: k = 100 md
Outer layer: k = 10 md

Outer layer: k = 100 md

Oil pressure distribution at 2000 days.

There are two cores; the inner core is at a permeability of 10 md, and the

outer core has 100 md permeability.
An oil-production well is placed at the top and a hot-water-injection well is
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Temp. distribution at 2000 days with water injection Temp. distribution at 2000 days with water injection
temp. = 800 R. temp. = 900 R. Lower permeability inner core affords the possibility of water encroachment and sweep of the outer core. Higher

permeability inner core gets the water to the production well, preventing efficient displacement in the outer core.

Water saturation distribution at 500 days.

Water saturation contour at Sw=0.3, time=1000 days and water injection temperatures are 800 R and 900 R. Water saturation distribution at 1000 days.
Quicker water migration is observed at higher water injection temperature.

Water saturation distribution at 2000 days.

Acknowledgements
Oil production rates increase as injection temperature U.S. DOE Contract DE-PS2601BC15313

T Schlumberger Educational Licence for Eclipse
Sandia National Laboratory Educational
- License for Cubit
g o Oil production rates and =~ == —— ==
m_ cumulative oil o\
productions of Case | :
200 . ' . and ” ==

D 500 1000 1500 2000 B oo
Tima [days] E

Tima [days] Tima [days]





