MAT255 / 257 – Exercise 4.
The production profiles at the end of Exercise 3 should have showed that our production scheme wasn’t very effective. In this exercise we’ll try to develop a better scheme, proceeding as a real engineer would do.
Copy the data file (Ex3.DATA) (recommend to a new folder), and rename it to e.g. Ex4.DATA. The grid data (Ex3grid.filled) can be copied or moved, but the cleanest way to do it is to use a relative path – e.g. move the file Ex3Grid.FILLED to a folder for shared data, and then use something as: 
INCLUDE

 ‘../SharedData/Ex3Grid.FILLED’  /

For a quick evaluation of the drainage efficiency, use the summary keyword FOE, which is fraction of initial oil produced.

First it should be apparent that the main problem is that the reservoir pressure becomes too low. To counter this we need an injector. Position this diagonally across the reservoir, e.g. in cell column (i,j) = (9,5), perforated in layers 3 – 6. Assume the injector can be drilled and put on injection as soon as we discovered the dramatic pressure drop. Taking account of drilling time, this would be at least 6 months after production start. We’ll try to let the injector inject as least as much water as the produced oil, to level out or increase the pressure. I set ORAT target for the producer to 5900 Sm3/day, so a water injection target rate of 6800 Sm3/day seems appropriate (but this may need some experimental tuning...).
Since our PVDO tables have a max. pressure value of 395.5 bars, the target (max) flowing bottom hole pressure for the injector should be lower than this; use 390 bars.

A1) Set up this case and run it.
Although the drainage efficiency has improved compared to Ex3, we don’t get the production or injection rates we wanted. Try to identify the cause, by looking at oil production rates and water injection rates. Both are probably lower than expected. From the run log (or .PRT file), and from the graphs of FOPR / FWIR / FPR we see that both wells were converted to run under bottom hole pressure control, not target rate. Explain why.

At this stage you’ll probably want to see what local pressures are, not just the average reservoir pressure. We’ll include some new summary keywords. WBHP gives us the well bottom hole pressures (if you don’t already have them), in addition we’ll plot pressure in a cell close to the well, e.g. to store pressure in the cell (i,j,k) = (8,5,6), use

BPR

 8 5 6 /

 /

(BPR: Block pressure, followed by indices for the cell(s) we want pressures for)

A2) Rerun and look at the new figures. Your conclusion should by now be that the pressure drawdown (bottom hole pressure  – cell pressure) in the injector is far too low to allow for the rates we want. But if we increase the injector BHP target, we’re outside the values provided in the PVDO table (run to check if you want). The PVDO table was probably given to us by a lab, but we’ll have to do a quick and dirty fix.
Extend the table to a new max pressure of 500 bars, by linear extrapolation of the two last values in the existing table. Then increase target BHP for the injector to 500 bars and rerun. This should improve the results considerably. Extend simulation time to 1.1.2024, and rerun. Discuss realism in this approach. 

B)
Although production efficiency now is not too bad, it should be clear that we need more wells to produce this reservoir in a reasonable time. Before we add new wells, however, the reservoir will have to be modeled more realistically. To now we have neglected the faults which are there, but now is the time to include them. Before we add more wells, we’ll get the geometry correct.

The faults will be defined by using the keyword ADDZCORN in the grid section.

ADDZCORN allows you to move individual corners vertically without moving “the same” corner in neighbor blocks, thereby making a throw (discontinuity in corner depth). This can appear a bit tricky – it is. (But you will certainly get to understand corner point grids better after you have done this.)
Fault 1 is defined by the index table below.

The x-es denote part of the reservoir that is left unchanged. The other cells (including the northern part of the grid, not shown in the table) shall be moved downwards 17 m, i.e. we’ll have a fault with a throw of 17 m. The important point here is that e.g. the NE corner of cell (8,10) shall keep its present depth, while the NW corner of cell (9,10) shall be moved downwards. (The two points have the same (x,y) coordinates.)
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Fault 2 is a straight fault separating cells with i-index 8 and cells with i-index 9, for all cells with

 35 ≤ j ≤ 48. The fault has a varying throw.
At NW corner of cell (9,35) the throw is zero

At SW corner of cell (9,44) the throw is 60 m, (close to reservoir thickness)
At SW corner of cell (9,48) the throw is 100 m.

Between these “pivot points” the throw size varies continuously (use linear variation with index, not with grid block coordinates). The reservoir east of the fault is similarly “moved” downwards such that the top grid is continuous in this area. Interpret this the way you find the grid modification easiest to construct.

Make the necessary modifications to the data file to include these faults. Run the simulation and use FloViz to check that the faults came out as expected. When everything is OK, look at the dynamic variables, pressure and saturations. Do you see any unexpected or undesired feature of e.g. how the oil saturation front moves? Would it be important to come around this if we were doing a real reservoir development planning study?
