PEGN 620A Naturally Fractured Reservoirs — Engineering & Reservoir Simulation Fall 2009

TERM PROJECT
Version: 2009-11-18 (there may be other versions later)

The term project involves a 2-D formulation and a 1-D solution of the flow equations described in the
next several pages. The term project should stand on it’s own — feel free to include portions of
homework problems. Include anything that you feel will help us know that you understand the material.

1) Describe the finite difference formulation for each of the four options in 2-D. Include pictures of
0 and non-zero portions of matrix equations.

2) Present the results of your 1-D simulations for option 1, 2, and 4, including a comparison of the
different techniques.

3) Provide a copy of the source code you used for this project

Option 1: IMPES; Implicit Fracture Pressure, Explicit Saturation, Sequential Method
First, solve for fracture pressure PorfHl using the implicit fracture flow equation in matrix form. Next,
solve for the matrix pressure Por;]” using an explicit solution of the total matrix flow equation. Next, solve

for S;‘,f” using an explicit solution of the water saturation equation. Finally, solve for SM“,;l using an
explicit solution of the water matrix equation.

Option 2: Implicit Pressure, Partially Implicit Saturation, Sequential Method
First, solve for fracture pressure PO'f1+1 using the implicit fracture flow equation in matrix form. Next,

solve for the matrix pressure Porr},” using an explicit solution of the total matrix flow equation. Next, solve

for S using an implicit matrix solution of the water saturation equation. Finally, solve for S using
an explicit solution of the water matrix equation.

Option 3: Fully Implicit; Iterative
First, solve for fracture pressure P(ff+1 using the implicit fracture flow equation in matrix form. Next,

solve for the matrix pressure Poﬁl using an explicit solution of the total matrix flow equation. Next, solve

for S.;* using an implicit matrix solution of the water saturation equation. Finally, solve for S using
an explicit solution of the water matrix equation. Repeat the iterations until convergence is obtained,
calculating first P,** using the values of P, , S/, and S . Next, solve for P,"* using the values of

P/ S. ,and S . Third, solve for S/ using the values of P/ ,P.** and S| . Finally, solve for

' om !

S.™ using the values of P | P/** ‘and S/

' Yom !

Option 4: Fully Implicit; Simultaneous
Solve simultaneously for P{™, P™* S and S using a Newton-Raphson formulation.

om ' “Ywf
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Option 1: IMPES; Implicit Fracture Pressure, Sequential Matrix Pressure, Sequential Saturation

First, solve for fracture pressure PO'f1+l using the implicit fracture flow equation in matrix form. Next,
solve for the matrix pressure Po'r‘n+1 using an explicit solution of the total matrix flow equation. Next, solve

for Svr;f*l using an explicit solution of the water saturation equation. Finally, solve for SV';:nl using an
explicit solution of the water matrix equation.

Fracture Pressure Equation:

Pn+l Pn
" ~ f f
( f eff (ﬂ’Tf Pn+l (Zwﬂ/w fyo )VD /1“ vI:)crv]vo)) r 1+anf+l ¢f Tf e

At
Total Transfer:
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Total Matrix flow:
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Saturation equation, explicit (IMPES):
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Water Transfer:
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Water Total Matrix flow:
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Option 2: Partially Implicit; Implicit Pressure, Sequential Saturation

First, solve for fracture pressure PO'f1+1 using the implicit fracture flow equation in matrix form. Next,
solve for the matrix pressure Po'r‘n+1 using an explicit solution of the total matrix flow equation. Next, solve

for S;‘,f*l using an implicit matrix solution of the water saturation equation. Finally, solve for Sv';;l using
an explicit solution of the water matrix equation.

Fracture Pressure Equation:
Pn+l Pn

(feff (ﬂ’Tf Pn+l (Zwﬂ/w fyo)VD /1“ vI:)crv]vo)) n+1—|—(anf+l ¢f Tf == At .

Total Transfer:
n+l _ k n Pn+l _ Pn+l & n n h Pn
TT =0 m Z'Tf( of om )+ o (ﬂ‘wf/mj/w m/fj/o )(hwf Wf/m( cwom cwof)

Total Matrix flow:

Pn+l Pn
n+1
— C om
¢ m At
Saturation equation, explicit:
aPn P[n+1] Pn Sn+l _ S n
v k ﬂn vp[ml] _ nVD cowf VS n+1 _ T[n+1] + [+l _ Sn C.+C of of wf wf
£ eff ( of Y as,, w Qs @ Sur (Cyp +Cy) AL +¢ AL
Water Transfer:
T[n+l] = (ﬂ‘wf (P[fnﬂ] - PO[li]) +— ( f/myw)(h )+ f/m( cwom I:>cnwof )j

Water Total Matrix flow:

P[n+l] Pn n+l n
[n+l] ¢msvr\1’:rnl(c¢m +Cwm) om v ¢Swm S
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Option 3: Fully Implicit; Iterative

First, solve for fracture pressure Po’f'+1 using the implicit fracture flow equation in matrix form. Next,
solve for the matrix pressure PO",;l using an explicit solution of the total matrix flow equation. Next, solve

for Sj}l using an implicit matrix solution of the water saturation equation. Finally, solve for vaﬁnl using

an explicit solution of the water matrix equation. Repeat the iterations until convergence is obtained,
calculating first P,** using the values of P, , S..,and S|, . Next, solve for P, using the values of

om’ om

P/*, S..,and S, . Third, solve for S using the values of P/ ,P,** and S| . Finally, solve for

) om )
S.™ using the values of P** | P/** ‘and S_*.

v om !

Fracture Pressure Equation:

Pn+l _ Pn
[n+1] n+1l [n+1], [n+1] [n+1], [n+1] [n+1] [n+1] n+l , An+l _ [n+1] © of of
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Total Transfer:
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Total Matrix flow:
+1
I:)orr]n — Porr]n
At

Saturation equation, explicit:

n+l _ [n+1]
z-T - ¢mCTm

P[n+l]

n+l [n+1] [n+1] aPCZWf n+l [n+1] | A[n+1] n+l of Porf1 Svr\]/f+l - Svr\]/f
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Water Transfer:

w

[n+1] _ [n+1] [n+1] [n+1] o [n+1], [n+1] [n+1] [n+1] [n+1] [n+1] [n+1]
T - O-km (iwf (Pof - I:)om )+;Z(;twf/m7/w )(hwf - I"Iwm ) + ﬂ'\/vf/m I:)cwom - Pcwof )j

Water Total Matrix flow:
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Option 4: Fully Implicit; Simultaneous
Solve simultaneously for P™, P2 S and S’

om ' “wf ?

Water Saturation equation:

apn Pn+l Pn Sn+1 _ Sn
k /«er—l Pn+1 _ nVD . cowf VS n+1 n+1 + ~An+l Sn+1 C wf wf
[ f off ( Yw 2s., wf dut =9 ( ot T ) At +¢ At

Water Transfer:
"t =0k, ( v (P =P +—Z (At ) (Mt =) + A (Pavory — Pt ))
Water Matrix flow:

n+l n n+1 n
n+1 Sn+1 (C + Cwm) Pom A P ¢ SWm S

W m=wm

Oil Saturation equation:
Pn+1 Pn Sn+l_Sn
\vA k ﬂn+1 Vpn+1_ nVD n+l+ An+l — Sn+l C +C of of + of of
( f et of ( )) Clot ( wt ) AL ¢ At

Oil Transfer:

om/ f om/

e = ok, A5 B3 = P+ T G - |
Oil Matrix flow:
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Capillary pressure and relative permeability equations:
S, ~Sowr | Sy—=Su |
k — krOW owr k — k wr
1-S,, =S, 1-S,, =S,

Pcowl aln L- SW — Sowr Pcow2 =-aln SW — Swr
1- SWx - Sowr

we ™ Sur
Fowmax: Sw = Sur
_ Feow,min: Sy 2 (1=S4)
MNPz Powma s Sur €8, <S,,

maX[ cowl? COW mln] (1_ SOWT) Z SW 2 S

k', =01 ki, =07 n, =15 n, =25 S, =030 S, =0.25

wm owm owrm

k. =08 k. ,=08 n,=20 n,=20 S, =005 S, =0.05
a, =08;S, =05 PI'™ =45psi P"" = _5psi

o, =0.08; S, =05 P™ =+05psi P =-0.5psi

u,=006¢cp p,=2.4cp y,=0433psi/ ft y, =0.433*0.8psi/ ft
k =10md ¢ =0.20 C, =10107°psi™

w, =504m (convert to feet; use to calculate ¢, and K;) u; =25ft/day
L,=10feet L, =10feet L, =30 feet

Ax =100 feet Ay =100feet Az=30feet IMAX =10

P{" =3000psia, R ; =2500psia, Sy' =S, Sum =S,

wfr ¥ ~wm wmr

C, =510"°psi™, C,, =310"psi™*, C, =410"psi™*, C, =1010"° psi™*
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