PEGN 620A: Naturally Fractured Reservoir
Homework 12:Solution

1. OPTION3:FULLY IMPLICIT ITERATIVE

Given Equations
(a) Fracture pressure equation:

OP,;

v_{kf’eff[)\Lf}+1]vp:f+1_(A[nrl]fy’gl-‘,-l]_"_)\L’f‘lf%*l]’y([)n—i-l])VD_)\ZL}FHvp[n+1]]}_TgL+1+q;’7fi»l — ( c£n+1])f 5

w cwof
(1)

(b) Total transfer function:

= akm[A£7}+1] (Pan_PnH)‘F%()\[nH] 7

om wf/m

[n+1]+/\[n+1] [n_H])(hZLerl]_hggntl])‘f')\[nJrl] (P[n.:,.l]_P[nJrl])]

w om/ Yo wf/m\" cwom cwof

(2)

(¢) Total matrix flow:

n+1 _ pn
n+l [n+1] Pom om
= (e )m = (3)
At
(d) Saturation equation:
opPn P[”+1] _ pn Sn+1 _gn
n+1 n+1 n+1 vof n+1 ~[n+1 f of f wf
v.{kf,effxgﬂf ][VPLEf F_qk ]VD—aéz;vsg;l]}—TL Ll = ¢psmt (g tew) = e

()
(e) Water transfer

= ok, [/\ n+1] (P(E?H] _ p(gzlﬂ]) + %(/\[wl] ,Y[n+1])(h7[;l;‘1] _ h[n+1]) + Al (P[n+1] _ p[n+1])]

w f wf/m lw wm wf/m\1 cwom cwof
(5)
(f) Water matrix flow:
[n+1] pr gntl _ gn
T = O S (Cg o+ cwhm =T o g (6)



DISCRETIZE EQUATIONS IN 1D PROBLEM
STEP1: Solving Fracture pressure equation:

Discretize and rearrange Eq (3) we get

+1
7 = (gt Piom = Pllom
¢ £om At
At
P =
+1 7,0m
(6" )

Substitute P,L”jni into Eq (2) and rearrange

7 = Bk I\ n+1](Pn+1 (n+1 At

7 o-z n n n n n n n n n
ot (U ey Plom)) SO AL Al (R A (PR = PLE ]
n+1 Bokm >‘n+1]At (h+1] prtl_pn Oz /y[n+1] _[n+1] | y[n+1] Ay (et _p[nea] [n+1] [ pln+1] _ pln+1]
Tt (1+W) 501{:7”[)‘ P'L of Pz,om)—'—;()‘wf/m w +)\om/f )(hwf _hwm )+>‘wf/m(Pcwom Pcwof )]
ﬂa—km n Oz n n n n n+1] n
Ttn+1 - Bok NI [)\[ - (P’Ln:}l PZ?O’”)_F?(AEHJj_/l'r]n J’l+1]+)‘<[)'r:/lf n+1])(h£u;_1] h Y )—"_)\w;r/m(JDC[Z-‘ETIT1 ij-:;])]
(+ T
(7)

Multiply Eq (1) by Vg, where Vg = Az;Ay;Az; and rearrange

Pressure—term Capillary—term

1 1 1 Accumulation—term
VRV - kif,effAl[/?—i_ ]VPgLf‘H —VrV - kf,eff)\[ ntllg plnt]

cwof

n a«Po
= VR( Ci[f +1]) f

e ®
—VRV kﬁf eff()\[nJrl] [n+1] +/\n+1] [7L+1])VD VR n+1 +qn+1

Gravity—term

Discretize Eq (8) for 1-D problem term by term and rearrange

e Pressure term

P’I’L+1 _ Pn+1 P’n+1 Pn+1
Az [n+1] ofyitl ~ofi (n+1)y | (Zofi T Tofi-1
/BAyzAzi (kf pff)\tf )z+§( A-Ti+§ ) (kf eff)\ ) _%( qul7% ) (9)
Rearrange
n+1] pn n+1] pn n+1 n+1 n
TP T P @ e TP (10)
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e Gravity term

Dii1— D;

—(k )\[”+1] [n+1] A["Jfl] [n+1]yy
vy )= (kpersrNnr o+ A0r Yo ))io2

)

By Az | (kpeps O I 4+ AT IRE ), (

(11)

Rearrange

(T + The )iy (Digy = Da) = (ThH i + T )i 4 (Di = Dicy) - (12)

1
2

e Capillary term

pltll  _ plr+1] plrtll _ plet1]
n+1 cwof,i+1 cwof,i n+1 cwof,i cwof,i—1
Bz | (BpeprAl )i a ( e )= (kg iy (Rt~ )
i+3 i—3
(13)
Rearrange
n+1 n+1 n+1 n+1 n+1 n+1
Tw[w,i-i]-% (Piwof,]i—i-l - P([wof,]i) - Tz[w,i_]%(P([wof,]i - P(Emof,]i—l) (14)
e Accumulation term
n Pinzj_l - Pino
Vi(oc) +1])f’th’f (15)
Substitute Eq(7), (10), (12), (14) and (15) into Eq (8) and rearrange
1 1 1
FPYL + DPSL + EPY = RHS (16)

Let’s define Ay P,y = P:f';.l — PJ;, thus Pg‘f';l =P, + A¢P,r. Using this definition we can

rearrange Eq (16) as follows

DAtPOfﬂ'fl + EAtPOf,’i + FAtPOf,i+1 - RHS - D ;Lf,ifl - EPOnf,’L - F glf72+1 (17)

where,

D T[n+1]
x,i—%
F= T[n+1}
x,i+%

[n+1]

B 1] | pintl] | g (PC) s BokmAy
E = — T:E,Z+% + Tx,i*% + ‘/:L At + VR ﬁakmA£?+1]At
1 + ( an_‘—l])m

(Di — D1
AxF%

)



[n+1]
RHS = TransferTerm + GravityTerm + CapillaryTerm — VR(QSCtAt)f - q£?+1}

)\[n+1]P[n+1] 4o (/\[nf+/1] [n+ }+>\[n+/1} [n+1})
TransferTerm = Vg 6/651{:;L g
(1 2288 | Gl R ] - Pl
(18)

GravityTerm = (T4 TS0 ), (D~ Do)~ (Tl 4 T ol 1),y (D Dy )
2

+1] (P[n+1} _P[n+1}) T[n—H] (P[n+1] _ plnt] )

CopillaryTerm = T:”v”% cwofyi+1 "~ © cwofi pw,i— 1 \ewof,i T Fewof,i-1
Tyzﬂ BllgessM Aziz )is1
Tiliﬂl = Blkperg " Aﬁizmé
Ty = Blkperpdny Azﬁz)zé
EZE]I = Blhperhy AZiz )isd

AyAz
T[n+1] _ [n+1] AY
5 B(kf ff)\of A.T )z_l

T0,i— 5

B = 0.006328
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STEP2:Solving for Matrix Pressure

From Eq(7), we can calculate 7'7?1 PZ"O*”}L can be solved by re-arrange Eq(2) as follows
pr+l _ mt Py (f[n+1 1] f[n+1] [ 1) (Bl )l f[n+1]( 1] plril)
NG wf /m Tw om/f 7 Pewom = Fewos
! (19
where 1]

Foim = ~ft]
wf/m n+1
A

[n+1]
f[n+/1f} _ om/f
om n+1

At

STEP3:Solving for Fracture Saturation

To solve saturation equation, multiply Eq (4) by Vg, where Vg = (AzAyAz);  , and rearrange
as follows

Pressure—term Gravity—term

Accumulation—term

VRV - kfeff)\n+l VP[nH ViV - kfeff()\[nfl]ry['ru»l])VD

[n+41] n n+1 n
P — P Sott — S,
(n+1] = Vros SZ'}'I(% + cw)y ! L4 Twt !
—VrV- kf ffA [n+1] aPcwof vsn+1 VRT[n+1] + q[n+1] At At
e w
as wf wf

Capillary—term

(20)

Discretize Eq (20) for 1D problem term by term we get

e Pressure Term

[n+41] [n+41] [n41] [n+1] [n41] (n+1]
wa,i—i—% (Pof,z'+1 Pofz ) T (P R =10

e Gravity Term

(ng;g+1]'7w)i+l (Dz’+1 - Di) - <Tz£ﬁc+1}’7w)i_



e Capillary Term
1] 1]
T 8PC’LUOf (Sn+l _ n+l) —|T 8P0wof (Sn-i-l _ gn+l )
we aswf il wfi+1 wf,i wr aSwf 1 wfyi wf,i—1
2 2

e Accumulation Term

[n+1] 1)
P - P Sy
n+1 of of o wf
Swf Vr <¢f(6¢f +Cw)f7t —l-fz t) —qbfVRi: v

Substitute all terms into Eq (20) we get

DSyt + BSLL + FSutl, = RHS (21)

Let’s define A.S,, = Sg;l - S

i thus Sﬁ);l = Si; + ASy. Using this definition we can
rearrange Eq (21) as follows

DASwypi-1+ EASyfi + FAWSypiy1 = RHS — DSy — ESy; — FSyriia (22)

where )
D=|T, OPewo e
= wx aSwf .
2
8Pchf ]
F=1Tw5g
wf /il
[n+1] [n+1] [n+1] n
8Pcwof 8chwof Pof —tof ¢f
E=— (T T _ oy Lor —lor  9f
(( e ) 1 +< D5us >‘+1 Vg (¢f(0¢+c ) s A7 + X
7/—5 K3 )

n

_ _ Gravi Sof v )
RHS = PressureT'erm — GravityTerm + ¢ Vg At Vet 4 quw

_ mpln+] [n+1] [n+1] [n+1] [n+1] [n+1]
PressureTerm = TwZ,H% (PO%H - PO?,Z- ) - Twz?i,% (Po?;i - Po?,i—l)
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GravityTerm = (Tifﬁcﬂ]%)i# (Diy1 — D;) — (T&?l]’m)i_l (D; — D;_1)
2 2
1] _ n+1] AyAz
Towies = Bpesshog = —)ivt
n+1] m+1] AyAz
T it = Bresihuy =7 )in
1] _ +1] AyAz
Tmo,z’+§ = B(kperrrof Az )i+%
m+1] m+1] AyAz
Timy = Bkpessdor =5 )ies
B8 =0.006328
chwo,ma:ca Sw < Sw,pcmax
oP chwo,min7 Sw > Sw,pcmin
cwo
0Sw
v chwola Sw,pcmax < Sw < Swa:
chw02 wa < Sw < Sw,pcmin
where,
(0%
dp, S —
cwomar Sw,pcmaw - Swr
«
APromin = —
o 1- Sw,pcmin - Sowr
(0%
APy = — ———
cwol Sw — Swr
(0%
APy = ————
cwo?2 1— Sw — Sowr
Pcmu,maz
Sw,pcmaac = Syr + (wa — Swr) e «
Pcow,min

Sw,pcmin =1- Sowr - (1 - Sw:): - Sowr) € @
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1- Sw - Sowr
Pcowl - aln |:1 - wa - Sowr]
’ Sw - Swr
Pcow =—al . o
2 an |:Swa7 - Swr]

STEP4:Solving for Matrix Saturation

From Eq(6)we can solve S7f1 as follows

ntl St
7-1[1) } + ¢m At

STL+1 _
wm +1
”7«1 ]_Pglm

[
bm ((cqs + Cop)m P2 o 4

L
At



2. OPTION4:FULLY IMPLICIT SIMULTANEOUS

Given Equations
(a) Water saturation equation:

0Py OSuy
ot ot
(24)

v.{kf,effxg;l [VP;;“ VD — VPt } }—T;;wqg;l = 6 | ST (e + cu)

cwof

(b) Water transfer function:

7_nJrl _ O'km |:/\n+1 (Pn+1 _ Pn+1) + %(/\n+1 ,YZ))(hz-}-l _ hZ:ql) 4 )\n+1 (Pn+1 _ Pn+1)

w wf/m\" of om wf/m wf/m\" cwom cwof
(25)
(c) Water matrix flow:
OP, oS
o' = bm [ngnl(cqs + CwJm =+ 81:’"} (26)

(d) Oil saturation equation:

n n n n AN n aPOf 8Sof
V- {kfxeff)\ofl |:VPof+1 — Y vDi| } - Toerl + qoﬁl = d)f |:So;1(c¢ + CO)f ot + at:| (27)

(e) Oil transfer function:

n+1l _
T =0k

n 13 n Oz n n n n
Nt (B = P + ot an e - mh| )

(f) Oil matrix flow:

ng-i-l = ém Sg%—l (Cd> + Co)m

ot ot

a-Pom aSom:|
+

Using Newton-Raphson to expand terms in Eq(25)

Mwf/m '
n+1l  _ yI+1 o\ wf/m

9
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l
An+1 _ Al+1 _ Al aAom/f 5S
om/f = “om/f — “om/f + 9Swm wm

Ohws '
prtl gl gl wf 55
wf =Py =y Fg o) 95w

l
B = 1 = B + (G522 ) 35

OPoor \
n+l _ pl+l _ pl cwo f

oP, :

Pn+1 _ Pl+1 _ Pl cwom 5Swm

cwom cwom cwom + 8Swm
Pyt = P = P 4+ 6P

1 +1 I+1
Ponrj :Poﬁ :Por;Jrq + 6P,

n+1 _ gl+1 _ gl+1
Sl = SLEY = SHEY 4 08,y

w

Substitute all expanded terms into Eq(25) and rearrange we get

VRTfU + ﬂgVRk'rnAiUf/méPof,i — BUVka/\iﬂf/m(SPom,i

Mo\ oh., 9Peuoy \!
+ |:>\l 1 ( Bislfu/f ) VRTL +60Vka)‘iuf/m <[;z’yg) <35wj:> — ( BSwff) >:| 5Swf,i

n+1 _
VRTw - wf/m

Ohym

l l
Tz M OPcwom
+ﬁ0'VRk'm/\iUf/m |:_U'Yw (aswm) =+ ( gswm ) :| 5Swm,i

(30)

where 8 = 0.006328
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Multiply Eq(24) by Vg and discretize for 1D problem we get

[ 1 n+1 n+1 n+1 n+1 n+1 n+1
wa,i—%Pofai*1 - (wa,i—% +T:cw,i+%) Pofvi +wa,i+% ofyit+1
—7tl (D — D) =T (D — Dy
ey Y (Dim1 = Di) =Ty 7 (Digs = Di) . Pt —prsntt—gn
= ¢y SZf (cp +cw)y Az + Az
ST P+ (T T ) P
ntl  pntl ntl | ntl

L _wa’i_képcwof,ﬂ»l - VRwa + qwf |
(31)

Using Newton-Raphson to expand each term in Eq(31)

T\
1 I+1 !
Tt =il =Tt 4 (asw) 8Swf
wf
OT g AyAz OXy ¢

Where’asw i Bkr=xz 35wt

We can expand sink/source terms as follows

Option:1 Pressure-Controlled Well

Qo= W (Pwe” - (ngfj))
(32)
1
oA
- WI (Alwf + (asw;) 55wf> (Puwer = Pagi — 0Pog.i)
w
(33)
WX, (Puen = Ply,) = WIN, ;6P
l Owy !
‘|‘WI P’well - Pofﬂ' I 5Swf

(34)

Option:2 Total Rate-Controlled Well

qLL)J’f-l = qf— WI)\Z}l-l (Pn—H o (P(:Lf—t—zl)>

well
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Mos \!
= qp-WI <Agf + (f) 55wf> (Plei — Plyi 4+ 6Puen — 6Poyi)

05,
(36)
Gip — WIN, (Pieu - P(if,i) = WIN,; (0Puwent = 0Poy)
= l
Ior
W (Pl = Ply,) (5322 6
(37)

For the total-rate control well, we need one more equation to solve for well pressure. Let’s
introduce the following equation

a = a4y
(38)
= W (Pukt - PifY) Wt (Padt - P
(39)
Mos \!
W1 (Af,f + (5522 ) 0Sus ) (Phow = Pl + 0Puct = Por,s)
l
+WI ()Jw o+ (5522) a8y f) (Phew = Py + 0Puctt = 0Poy:)
(40)
1 1 ) [ l l
W (N + Al ) (Pho = Plya) + W (g + AL ) 8Pue
- l l (41)
I, A
~WI (Ao Xy ) 6Pors + W (Pl = Ply,) <( ) +(52) ) 5wy
We can set above equation into matrix form as
qEpfoPosi + qEpwiPyey + qEsf0Swsi = qRHS (42)

where,

qEpf = ~WI (Xos + Nyf)
12



qEpw =WI (/\lof + )\ﬁuf)

l l
A A
_ l l of wf
aBsf = WI (Pl = Pog,) ((aswf> " (aswf> )

qRHS = qi5 — W1 (Aéf + )‘iuf) (leuell - Polf,i)

Substitute all expanded terms into Eq(31) and multiply the both sides by Vz.Assuming that
multiplication of § and ¢ terms is negligible, we can rearrange Eq(31) as follows

LHS = RHS (43)
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where,

T éf,z‘q — (T , +T!

Tw,i—% Tw,i—% xw,i—&-%)

Polf,i + T éf,iJrl

m'w,i+%

—T! . ym(Dica—Dy) =T . ve(Diy1 — D;)

TW,t—3 Tw, i+ 5

_ il !
2 me,i-‘,—% cwof,i+1

_Tl 1P¢£wof,i71 4 (Tl . —|—Tl )Pl

TW,i—5 TW,i— 5 zw,i-&-% cwof,i

+T" 10Popio1 = (T | +T! Y0P, + Téw7i+%5pof7i+1

Tw,i— TW,i— 5 mw,i—i—%

1 l
_ i OPcwoy R ) OPcwor )
LHS — TI’w,’L*% ( 851” i1 5Swf7171 Tm’w,’k‘r% 6Swf i1 §Swf,z+1

l
l l OPcwor )
+(Tzw,i7% + wa,i+%) ( OSwy )i 6Swf71

n 0T
+ (Péf,ifl - Polfz - Péwof,ifl + Pclwof,i - 7w(Di_1 - DZ)) (agwf) _ 5Swf,i—%

l
! ! ! ! T
+ (Pof,i-‘rl - Pof,i - Pcwof,i+1 + Pcwof,i - ’YLL)(‘DH*l - Di)) <aswf) 41 5Swf.,i+%
2

—VRT;L}_l + qfﬁl
Sfuf,i(% + Cw)f(Polf,i —PY)+ (Sfuf,i = Sugi)
RHS = VR% +Sfuf,i(c¢ + cw) 16 Pogi

+ ((% +cw)f(Plys = Plyi) + 1) 0Suwf,i

Substitute Eq(30) and (32) into Eq(43) and rearrange

prf(SPof,i—l + Ewpfépof,i + prf(SPof,i-‘rl
+Dwsf65wf,i—1 + Ewsf(sSwf,i + Fwsfaswf,z'—&-l = RHSw

+Dwsf125swf7i_% + Fwsf1258wf7i+% + Ewsméswm,i + Ewpm(SPom,i

where
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— il _ml
prf - wa,ifé’ F“’Pf - Ta:w,i—%

D = (P, P P n OTpw \'
wsf12 ( (l)f’i_l o Olf’i o Clwof,i—l + Pclwof,i - ’Yw(Difl — Dz))
95ur )

n 0T 0\
Fuspiz = (Pogiv1 = Pogi = Puogit + Pewogi = Vi (Dis1 = Dy))
95ur) 114

OPewor \'
Dws - *Tl . cwof
V wi=3 ( OSwf >i—1

OP, !
— i cwof
Fwsf = —ngw,i-‘r% ( 8Swf ) i1

+

oh oP,
Ewsm = — 1% km)\l _2 n wm cwom
ﬁa_ R wf/m |: . Yw 8Swm 6Swm :|

Ewpm = BoVikm Ny g m

l l l
__ 1 Oy /m I _ l gz m [ Ohws\ [ OPcwor
Afwf/m ( 6Swf VRTU} ﬂaVka)\wf/m 77w Bswf aSwf
Ewsf =

—Vr=L + P pr T 9P l
R AJ; |:(Cq5 Cw)f( olf,i of,i) + 1} ( iw,i—% :f:w,pr%) ( 6§ww;f )Z + SourceEwsf
(1;)

Ewpy = —BaVkaAlwf/m - VR%SLJL»L‘(C(# + ) — (Dups + Fupp) + Source g,y
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¢ mn n
RIS +Vr 2% (Sfuf,i(cib + cw)f(Péf,i - Pof,i) + (S'fuf,i - Swf,z‘))

—&—VRTfU +termpres + t€rmgray + t€rmeap + Source,rHS

Oz

VRTilu = BJVka)‘iuf/m (Péf,i - P(im,i) + ;’yg)(hfﬂf - hfﬂm) + (Pclwom,i - Pclwof,i)]
termpres = _prfpéf,ifl + (Duwpf + prf)Pfif,i - prfpéf,wrl
termgmv = Tl %’Yﬁ;(lel — Dz) —|— Tl .+%73(Di+1 — Dz)

TWw,i— TW,

il ! l l 1) l 11
termcap =T 1 Pcwof,i—l - (T 1+ T Uhi-t,-%) Pcwof,i + wa7i+%Pcwof,i+l

TW,i— 35 TW,i— 5 T

Wi (Pwe” _ P

oft

l
) (ggwf ) , if Pressure-Controlled well
o f

Sourcegywsy =

1
-WI (wa” — Péf l) (g;‘”f ) , if Total Rate-Controlled well
, wf

0, if Pressure-Controlled well

Source pwei = -WiI )\lof, if Total Rate-Controlled well

Wi /\iﬂ f5 if Pressure-Controlled well
Source pupr =
Wi )\f) s if Total Rate-Controlled well
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—WI)\ﬁuf (Pwe” — Polm) , if Pressure-Controlled well
Source,rgs =
—qif + WIN,; (Pl Pém) if Total Rate-Controlled well

well —

Using Newton-Raphson to expand each term in Eq(26)

Pgntlzpé;l:Pé:zl"F&Pom

St = Sifm = Stfm + 8Suwm

wm

Substitute all expanded terms into Eq(26) and multiply the both sides by Vg. Assuming that
multiplication of § and ¢ terms is negligible, we can rearrange Eq(26) as follows

¢
VRKJ; |:Sllum,i(c¢ + Cw)m(Polm,i - glm,i) + (Sllum,i - Sg}m,z)}

VRTg—H = +VR¢7fSl '(C¢> + Cw)m(spom,z‘ (49)

At~ wm,e

+VR% ((C¢ + Cw)m(Pém,z' - Pc?m,i) + 1) 6Swm,i

Using the fact that Eq(49)=Eq(30), thus we can rearange as follows
ETwpf(SPof,i + ETwpm(SPom,i + ET’LUSfds’LUf,i + ETwsm(sSwm,i = RHSTw (50)

where,
1
E.,-wpf = ﬁO—Vka)\wf/m

ETwpm = _ﬁUVka/\iuf/m - VR%Siumﬂ(cti’ + Cw)m

1 (Ouf/m )l 02 (Ohwr\' [ OPewos\'
ETws = ( VRTtlu + BO’VRk/’m)‘iu m 7’73 - i
f )\iuf/m 8Swf f/ g 8Swf 85,,,f
17




Oz n 8h'w'rn ! aPcwom : ¢m n
Erwem = BoVikn AL, (—wa (8Swm> + ( 75 ) ) ~ Ve, ((cs + cw)m (P — Pop i) +1)

RHSTU) = VR% [Silum,z(ctﬁ + Cw)m(Pém,i - P(:Lm,i) + (Sfum,z - Swm,i)] - VRT1Z11

a n
VRT’fv = /BO'Vka)\iuf/m [(Polf,i - Polm,i) + ;Zryw(h%wf - hium) + (Pclwom,i - Péwof,i)}

Maus ' _ AyAz N )’

aswf i1 = feff Az i1 aSu)f i1
Nuyp T f Swi—Swrr  \"
aSwf B Mw(l - Sowrf - Swrf) 1- Sowrf - Swrf

a)\om _ k:owmnom ]- - Som - Swrm >nom1

aSwm N /J/O(1 - Sowrm - Swrm) (1 - Sowrm - Swrm

Nuyp K ows ( Suwf — Swrf )”w‘fl
8Swf ,u'w(l - Sowrf - Swa) 1- Sowrf - Swrf

B = 0.006328
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Using Newton-Raphson to expand terms in Eq(28), substitute all expanded terms into Eq(28)

and rearrange we get

VRT}) + BUVka)\i,m/fépof,i - 50'Vka)\f,m/f5Pom,i

l l
1 Oomy s l 1 2 Ohwm
VRT:—H _ + [)\l, » ( BSWQ Ve, — ﬁCTVka/\()m/f%’yg - 0Swm,i

l
Ohy

where 8 = 0.006328

Multiply Eq(27) by Vg and discretize for 1D problem we get

Tn+1 Pn+1 _ (Tn+1 ) +Tn+1 )Pn+1+Tn+1 Pn+1

of+

(51)

+1
Spit—sm

ro,if% of,i—1 To,i—3 xo,i+% of,i aco,i+% of,i+1
nf+1 _pn
— +1 o
_T:;l}»yzl(DH - D;) - T;j;l»yg(DHl —Dy) =¢7 |Sof ey +co)s .
’ 2 ’ 2

—Vrrd ™+ qu“

Using Newton-Raphson to expand each term in Eq(52)

ITyo '
T;?o+1 = Tzllcjl = T:io + (as f> 5Swf

T AyAz ONoy
Wherevaswf = Pkr=x3 98wy

We can expand sink/source terms as follows

Option:1 Pressure-Controlled Well

= WING (Puen - (P))

MNor \!
Wi (Af,f - < 8Sw]; ) 55wf> (Puett = Pogi = 0Po.:)

19

At

(52)



l l l
WIN,; (Puent = Ply,) = WIN, 0Py

l
e
FWI (Puc = Ply) (5525) 0Sus

(55)
Option:2 Total Rate-Controlled Well
Ot = s~ WING (P - (D)
(56)
! Mg \' ! 1
= Qif — wWiI )‘wf + oS ; 5Swf (Pwe” — Pof,i + 0Pyer — (5P0f,i)
(57)
4y = WIN, g (Phoy = Plp,) = WIN,  (6Puct = 0Poy.i)
- !
M
-wi (Pqi)ell - Péf,i) (aswfc> 05w
(58)

Substitute all expanded terms into Eq(52) and multiply the both sides by Vz.Assuming that
multiplication of § and ¢ terms is negligible, we can rearrange Eq(52) as follows

DoppdPofim1 + EoppdLori + FoppdPofit
+Dosf1265wf7i_% + Eosf(sswf,i + Fosf1255wf7i+% = RHSO (59)

+Eosm55wm,i + Eopm(spom,i

where

7l _ml
Dopf - Ton_%; Fopf =T 1

T0,i— 35

o\
Dosgiz = (Pls; 1 — Phy — 70 (Dic1 — Dy))

Swf/)i_a
2
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. o '
Fospro = (Pogi1 = Pogs = 75 (Div1 = Dy)) <8S f> 1
w 1+

1 8)\om/f ! I 1 Oz Ohwm :
Eoom = VrT, VekmA e
N (gt ) vt + Vb 2% (55 )

Eopm = BoVikmAb,,/ s

Oz n ahw i)
Eosp = —BoVRkm Aom/f ~0 <85w;> + Vg Z’; [(c¢ + co)f(Pf,f’i - Of’i) + 1] + Sourcegoss

¢
Eopr = *50Vka)‘im/f - VRKJ;Séf,i(C(ﬁ + o) r = (Dops + Fopg) + Sourcegopy

Viekh (Sh7.i(co + co)p(Ply, = P + (Shy = S31.))
RHS, = (60)

+VRT(Z, + termpres + termgrqy + Source,rms

Vierh = B0Vikm Ny g |(Phgi = Poi) + 0 (Bl = B

l
termpres = *DOPfP fi-1 T (Dops + FOPf)Pof,z' - FOPfP frit+1

termgray =T, 1_,% o(Di—1— D;) + TiOVH%’Y;L(Di-H — Dy)
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l
Wi (Pwe” — Pol fﬂ-) ( gé\:ff ) , if Pressure-Controlled well

Sourcegosy = oa A\
-WI (Pfue” - P(ff’i) (ﬁ) ., if Total Rate-Controlled well
0, if Pressure-Controlled well
Sourcepuen =4yl ;»  if Total Rate-Controlled well

-WiI )\é e if Pressure-Controlled well

Sourcegypr =
WI /\iﬂ f if Total Rate-Controlled well

—WI/\f)f (Pwe” — P(l)f’i) , if Pressure-Controlled well

Source,rys =
—qif + WI)x,lwf (Pqiw” — P(iﬁi) if Total Rate-Controlled well

Using Newton-Raphson to expand each term in Eq(29) and substitute all expanded terms
into Eq(29). Multiply both sides by Vi. Assuming that multiplication of § and § terms is
negligible, we can rearrange Eq(29) as follows

VR%{& {Scl)m,i(cd) + co)m(Polm,i - c?m,i) + (Sém,i - gm,i)}

VRTgLJrl = +VR%S£UO7Z'(C¢ + Co)m(spom,i (61)

~Va % (o + colm (Pl = Pitn) +1) 8Sum.i

Using the fact that Eq(61)=Eq(51), thus we can rearange as follows
22



ETOpf6POf7’i + ETopm(SPom,i + ETosf(SSwf,i + E‘rosm(sswm,i = RHSTO (62)

where,
E’T‘Opf = BO—Vka)\i)m/f

E-ropm = —5O'Vka)‘fom/f - VR%Sém,i(c¢ + Co)m

Oz

Oy '
E osp = Vi km)\l —Yy )
f ﬂU R om/fO,’YO <8Swf>

Oz

Ohuwm \' 1, Om
Yo ( ) +VR¢7 ((C¢> + CO)m(Polm,i = Poni) + 1)

1 Oomy/ s : l l
ETosm - ( ) VRTO_BO—VkaAom/f; o 35wm At

)\ém/f aswm

RHS;5 = Ve 52 (St (06+ ol (Pl = Pl ) + (S = S )] — Vir!

0r n
Vierh = B0Vikm Ny 5 | (Phgi = P i) + 2 (Bl = )|

Muor\' Bk AyAz Mos \!
0Sws )iy T\ TAr ), \9Suy

;1
2 =3

8Swf B ,Uo(l - Sowrf - Swrf)

8)\01‘ _ k:owfnof < 1- Sof - Swrf )nOfl
1-— Sowrf - Swrf

* o7n_1
8)\0771 _ krowmnom 1—- Som - S’wrm )n

aSwm B ,LLo(l - Sowrm - Swrm) (1 - Sowrm - Swrm,
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Nuyp K T f Swi—Swry "
aSwf B Mw(l_Sowrf_Swrf) 1_Sowrf_Swa

B8 =0.006328
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