MAT255 – Exercise 6  (MAT255 (10 studiepoeng) only)
NOTE: Due to license inconsistency it is not possible to run FRICTION problems with ECLIPSE version 2009 and license 2012. For this reason FRICTION wells will not be required in the exam exercise.

Friction wells are used in this exercise, although for the same reason these parts are not obligatory. As friction wells are important in real life I have decided to keep the topic in the exercise, and later in the solution. I recommend you don’t just skip these parts, although obviously this is entirely up to you.

In exercises 3-5 we assumed our reservoir was two-phase, for simplicity. In reality this is a three-phase reservoir, with a gas-oil contact at 2070m SMSL (sub mean sea level). Hence we are dealing with live oil instead of dead, and much of the data files we have developed must be revised.

Since gas is much more mobile than liquid, and tends to cusp quickly towards the wells, our experience tells us that the reservoir should be produced by horizontal wells.

A)

Relative permeability curves and PVT data have to be changed to live three-phase data. Since you should be familiar with this kind of data now, the new data are supplied for you in the two data files REV6KR.INC and REV6PVT.INC.
Change equilibration data such that datum depth is at GOC (2070m SMSL), and with pressure at datum depth 328 bars. (No contact capillary pressure)
Use the same fault transmissibilities and aquifer as in Exercise 5.
We’ll include the well in (23,38) for possible future use, but change it to a gas injector, and let it be shut for the time being. The remaining vertical producers from Ex. 5 cannot be used and can be deleted. Keep the two water injectors in the water zone, but let them be shut for now.
Reuse the horizontal well WPH1 (on LGR). This well was opened and started production (start date) 1. Jan. 2009.
Set up the necessary definition, completion and production data for the wells. For WPH1 use an initial target rate of 10000 Sm3/day, and a target bottomhole pressure of 30 bars.

Economic limits: Min ORAT = 200 Sm3/day, Max WCT = 0.9, Max GOR = 1500 Sm3/Sm3. If violated, end run.

Until we’re happy with our data file we only need to do test runs, so insert an END keyword after the first year simulated.

Test run, and do necessary corrections. 
In this exercise, you will surely see convergence problems on an entirely different level than we’ve encountered hitherto. As you do the exercise, experiment with turning different convergence control knobs, and see if you can find ways of improving convergence. (Don’t expect to fix what’s impossible, however).

Since this is a rather long well, friction cannot be disregarded, so we’ll have to include computation of pressure loss due to friction in the well (WFRICTN). The well has an inner tubing diameter of 0.31m, and a roughness factor of 0.01 (set flow scale factor to default value, 1). 

Test run with friction. When it runs OK, run it for as long as possible (until it is stopped by economical constraints).
B)

Define another producer, WPH2, in area 1, the northern part of the reservoir. This well shall be horizontal at 2130 m SMSL, in layer 3, roughly parallel to the GOC.
Use FloViz to locate cells which are at proper depth in layer 3. “Proper depth” is defined as between 2125 and 2135 m. (For now, don’t use LGR for this well.)
Hint: The well heel (=wellhead) should be in cell (13, 17, 3) and the toe in cell (18, 2, 3). The well path should be continuous, i.e. always go from one cell to a “true” neighbour, not a “diagonal” neighbour.

Well WPH2 should start producing Jul. 1, 2009, with an initial target producing rate of 14000 Sm3 / day, and target/min BHP 30 bar.

Define connection, friction, and production data for the well (friction data as WPH1).
Well WPH2 has a more complex shape than WPH1, and the definition of friction data is not as straightforward. You can either let Eclipse calculate friction lengths, by approximating the segment lengths as being measured parallel to the main direction of the well, OR you can give the accurate friction lengths along the cell diagonals by calculating them yourself and inserting the values in the appropriate format. If really inspired, you could try both, and see if it makes any difference.

Economic limits for both producers: Min ORAT = 200 Sm3/day, Max WCT = 0.9, Max GOR = 1500 Sm3/Sm3. If violated, close worst offending connection, but don’t end run.

Economic limits on field basis: Min ORAT = 200 Sm3/day, Max WCT = 0.8, Max GOR = 3000 Sm3/Sm3. If violated end run.

Run this case. If similar to my runs, this gets you nowhere fast.

We obviously need more pressure support. Start water injection from the two water injectors, WWI1 from Oct. 1. 2009, and WWI2 from Jan. 1. 2010, with a target/max BHP of 450 bars. Ideally the total water injection should be at least equivalent to the produced oil. If you try this, you’ll find that the injectors are converted to BHP control immediately. If not so already, extend the perforated interval for both wells to all layers, and adjust target rate to 4500 Sm3/day, which is close to the wells’ upper limit. Run this case, and find that pressure support is still too low.
So introduce still another injector, WWI3, perforated in (1, 28, 1-6), targets as the other two wells. Start injecting from this well at the same time as WWI2.
Still, at the time the run is terminated, a lot of oil is left in the reservoir, so we have to come up with something better.

The run terminates because gas cones quickly into the wells. Investigate whether this is rate dependent by, at Jan. 1. 2010 reduce WPH1 rate to 6000 Sm3/day, and change initial target rate for WPH2 to 8000 Sm3/day.

Run this case and compare with the high rate case.

C)

Well WPH2 has a more complex shape than WPH1 on the grid, and while we could define a large LGR that covered the whole well, this would be costly (memory and CPU) and not very efficient. Subdivide the well cells as for WPH1 (3x3x3)), with one LGR for each straight section. Then AMALGAMATE all the (WPH2) LGRs into a single one. Redefine necessary other keywords (including friction on LGR well), and rerun.
