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Homework #12
Finite difference formulation for the 1D problem.

a) 1-D formulation for the fully implicit sequential approach (project option 3)
1D pressure equation,
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The pressure equation is discretized and the derivative operators are changed for finite difference operators.
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and can be expanded as follows,
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In the fully implicit sequential approach the pressure equation is solved to obtain Po at a new iteration l +1 considering Sw at the previous iteration l. In order to establish an iterative methodology for the solution of the problem, the primary unknown variables are expanded further using Newton-Raphson iteration,
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and now the primary variable becomes (Po
Then the pressure equation can be expanded as follows,
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Collecting terms for 
[image: image6.wmf]o

P

d

, and moving other terms to the right hand side, the final form of the pressure equation is,
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With the transmissibility terms defined as follow,
Total transmissibility,
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Water transmissibility,
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Oil transmissibility,
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For the injector well the total injection rate is considered fixed and known, and the equation above applies. For the producer well, the total production rate can be calculated with the following expression as a function of well index,
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Where the well index is given by,
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and can be expanded using Taylor’s series,
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For the nodes with a producer, the pressure equation is,
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1D saturation equation,
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The saturation equation is discretized and the derivative operators are changed for finite difference operators.
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The right hand side of this equation can be expanded as follows,
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Substituting,
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Substituting in the water saturation equation (assuming water density constant, it can be eliminated from the equation),
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The second step of one cycle in the fully implicit sequential approach is to solve the saturation equation using the obtained Po at l +1 and (Po,i, to obtain Sw at iteration l +1. In this part the Sw, Pcwo and Twx, are expanded further using Newton-Raphson iteration,
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and now the primary variable becomes (Sw
Then the saturation equation can be expanded as follows,
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Reordering,
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Collecting terms for 
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, and moving other terms to the right hand side, the final form of the saturation equation is,
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For the injector well the total water rate is considered fixed and known, and the equation above applies. For the producer well, the water production rate can be calculated with the following expression as a function of total production rate,
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Where the well index is given by,
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and can be expanded using Taylor’s series,
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Substituting this expression in the expanded water saturation and reordering, the saturation equation for the nodes with a producer is,
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The fully implicit sequential approach is implemented in an iterative procedure where the pressure equation is solve implicitly considering Sw at time n at the first iteration, and using the obtained Po at l +1 the saturation equation is solve implicitly to obtain Sw at iteration l +1. The iteration cycle is repeated until the (Po and (Sw are lower than a specified small value. 
b) 1-D formulation for the fully implicit simultaneous approach (project option 4)
1D water saturation equation,
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The saturation equation is discretized and the derivative operators are changed for finite difference operators.
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The right hand side of this equation can be expanded as follows,
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Substituting,
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Substituting in the water saturation equation (assuming water density constant, it can be eliminated from the equation),
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Po, Sw, Pcwo and Twx, are expanded in the Newton-Raphson approach,
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and now the primary variable become (Po and (Sw
Then the water saturation equation can be expanded as follows,
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Reordering,
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Reordering again,
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Collecting terms for 
[image: image51.wmf]o

P

d

 and 
[image: image52.wmf]w

S

d

, and moving other terms to the right hand side, the final form of the saturation equation is,
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For the injector well the water injection rate is considered fixed and known, and the equation above applies. For the producer well, the water production rate can be represented by,
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Where the well index is given by,
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and can be expanded using Taylor’s series,
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Substituting this expression in the expanded water saturation and reordering,
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1D oil saturation equation,
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The oil saturation equation is discretized and the derivative operators are changed for finite difference operators.
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The right hand side of this equation can be expanded as follows,
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Substituting,
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Substituting in the oil saturation equation (assuming oil density constant, it can be eliminated from the equation),
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Po, Sw, Pcwo and Tox, are expanded in the Newton-Raphson approach,
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and now the primary variable become (Po and (Sw

Then the oil saturation equation can be expanded as follows,
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Reordering,
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Collecting terms for 
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, and moving other terms to the right hand side, the final form of the oil saturation equation is,
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For the injector well the oil injection rate is zero, and the equation above applies. For the producer well, the oil production rate can be represented by,
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Where the well index is given by,
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and can be expanded using Taylor’s series,
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Substituting this expression in the expanded oil saturation and reordering,
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