MAT255/257.  Exercise 3.
In this exercise we will build a complete data file from scratch.

The RUNSPEC section must be defined at last, so that it agrees with what we’ve used in the other sections.

GRID.

We want a grid that’s a little more interesting than those that are easily constructed directly in the data file. The grid is normally generated from maps. Since that is not covered in the course, we will use an alternative route, by the program FILL. You are not required to learn or understand FILL, but for those who are interested, the input file to FILL will be our starting point. (FILL can be a good alternative for those of you who later may want to construct grids which are more complicated than those that can be constructed inside Eclipse, but don’t need or want to go the full step to RMS or FloGrid. May be relevant for some Master or PhD studies. If you don’t see this as interesting or necessary, you can include the attached file EX3GRID.FILLED as a black box.)
Description of reservoir model (contents of FILLED-file – nothing of this needs to be defined explicitly in the ECLIPSE DATA file). 
The reservoir is enveloped by a rectangular area, 3.3 km wide (E-W direction) and 6,5 km long (N-S direction). The grid comprises 30 x 50 x 6 blocks, with grid block lengths in x-direction (DX):

5 blocks, each 200m, 5 blocks, each 150m, 10 blocks of 100m, 5 blocks of 70m, and 5 blocks of 40m.
In the y-direction (DY): 10 blocks of 200m, 10 blocks of 100m, 10 blocks of 50m, 10 blocks of 100m, and 10 blocks of 200m.

The layers will have constant thickness, top layer: 10m thick; layer 2: 15m thick; layers 3 and 4: 5m; layer 5: 10m; layer 6: 20m.

The reservoir slopes downward towards NW, with the four top corners at depths: NW: 2400m SMSL (Sub Mean Sea Level), NE: 2020 m SMSL,  SE: 1880 m SMSL, SW: 2200m SMSL.

In addition, two points along the center north-south line are given: North center at 2120m SMSL, and South center at 1950m SMSL.

The grid doesn’t cover the entire envelope rectangle, in NW, a triangle 1,75km (EW) x 2,5km (NS) is missing, in NE a triangle 200m (EW) x 2km (NS) is missing, and in SE a triangle 2km (NS) with width the whole grid is missing.
In addition, the top of the grid is eroded, such that all blocks with I = 24-30 are missing in the top layer, and all blocks with I=28-30 in layer 2.

Petrophysics:

	Layer
	Porosity
	x-permeability
	net to gross

	1
	0.31
	5000
	1.0

	2
	0.28
	2800
	0.9

	3
	0.24(downdip) – 0.28 (updip)
	200 (dd) – 2000 (ud)
	0.5 (dd) – 0.9 (ud)

	4
	as layer 3
	as layer 3
	as layer 3

	5
	0.21
	50
	0.4

	6
	0.25
	50
	0.4


y-permeability is equal to x-permeability, while z-permeability is 10% of this.

All of the above is defined in the file EX3GRID.FILL. If you want to generate a grid from this input you will need to install and run the program FILL on your PC (instructions on Simulation Course Home Page). Processing EX3GRID.FILL with FILL generates a file EX3GRID.FILLED (which is also included in the files attached to this exercise).

The GRID section of your DATA file will consist of a single statement, INCLUDE’ing this file.
Take a quick look at the file EX3GRID.FILLED, and confirm that it contains the grid defined by keywords COORD and ZCORN as we should expect. Also look at ACTNUM and some petrophysics.

Transmissibility calculations
In layers 5 and 6 we have access to permeabilities measured from a well log. The data can be found in spreadsheet Perm5-6.xls. Permeability has been measured at 1m intervals in layer 5, and 2m intervals in layer 6. E.g., the first value has been taken at a point 0.5m below the top of layer 5. We assume this permeability value (3.8 mD) is valid in the interval surrounding the observation point, with the observation point as centre. Hence, the first value is assumed valid in the interval 0-1m (all reported depths are as measured from top of layer 5).
First, compute the cell average values of permeability from the given data. Use arithmetic average for horizontal permeability, and harmonic (Eq. 9, page 28 in notes) for the vertical. You should get values which agree with the values in the petrophysics table above.

Next, compute the transmissibility between layer 5 and 6 the way Eclipse does it (use the “simple” definition of transmissibility, as in the formula below Eq. 13 on page 30).
Another way to compute this transmissibility would be to use the raw data directly, and compute the harmonic average of the measured data between the layer centers. Do this, and compare to the value

you computed above. Compute the ratio “correct” to “Eclipse”.

If it is important to get transmissibility contrasts correct, we should use the appropriate value. This can be done by the ratio we computed, Eclipse has an option to define transmissibility multipliers, but as that comes later in the course we will not implement the change now.
Additional data:

The simulation shall be organized such that the oil is above the bubble point, 227 bars, at all times, i.e. we consider dead oil. No free gas, i.e. Rs will be constant. 

The oil-water contact is at 2250m SMSL.

Use a reference pressure of 320 bars at datum depth 1900m SMSL. Saturation equilibration initialization shall be with cell center saturations.
Relative permeability:

A much used model for rel-perm is a general second degree function. The following notation is standard:

S:
saturation of phase in question

Sm:
Minimum achievable saturation (e.g. Swc if S is water, Sor if S is oil)

SM:
Maximum achievable saturation

SL:
SM – Sm
kr’:
kr(SM)

T0:
Tangent of kr at Sm, i.e. the dkr / dS at S = Sm.
Then the relative permeability will have the form:
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Use this form for defining 2-phase relative permeabilities, with

Swc = 0.2;   Sor = 0.15;   krw’ = 0.19;   kro’ = 0.85,

T0 for oil: 0.05, T0 for water 0.1.

Capillary pressures can be neglected.

(Hint: use a spreadsheet)

PVT-data:

Water has a volume factor of 1.024 at a pressure of 308.2 bars. At this pressure, water compressibility is 4.64E-5 bars-1, and viscosity is 0.42 cP.  
For dead oil, we have been given the following table:

	Pressure (bars)
	Volume factor (Sm3/m3)
	Viscosity (cP)

	227.0
	1.2600
	1.042

	253.4
	1.2555
	1.072

	281.6
	1.2507
	1.096

	311.1
	1.2463
	1.118

	343.8
	1.24173
	1.151

	373.5
	1.2377
	1.174

	395.5
	1.2356
	1.200


The (constant) Rs is 100 Sm3/Sm3, taken at 227 bars (Pbp).
Densities (kg / Sm3):
Oil: 883
Water: 1038
Gas: 0.66

Rock compressibility is assumed linear, with a compressibility coefficient of 0.000056 bars-1 at a pressure of 1 bar.
In Eclipse Office, the input data can be visualized graphically, e.g. relperm-curves.

Wells:

Define a single oil producer in grid block column 23, 38, completed in layers 1 – 5.
Use a well diameter of  0.31 m. 

The initial oil rate will amount to approx. 2% of total STOIIP (Stock tank (i.e. standard conditions) Oil Initially In Place) pr year. Remember to define bubble point pressure as minimum allowed pressure. Set economic limits of min. oil rate 200 Sm3/day, max water cut 0.9. End run if these are violated.

Start date: 1.1.2009, define DATES or TSTEP each half year after that, for 10 years.

To get output that can be viewed in FloViz, you will need to use the RPTRST keyword at the start of the SCHEDULE section (hasn’t been lectured yet.) Just copy it from the Ex2.DATA file.
(
RPTRST

BASIC=5, FREQ=6 /  )

The NOSIM keyword allows for data checking and reporting without running the simulation.

You will probably not get any convergence error reports. But in case you do; are there any easy fixes for that? (TUNING)
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