1 General Conservation Equations in STARS

A conservation equation is constructed for each componet of a set of identificable
chemical components that completely describe all the fluids of interes.

The semi-spatially discretized conservation equation of fluwing component ¢
is

B
Vor [0 (pwSuwi + poSomi + pySgyi) + ¢, Adi] (F5.1)
nyg -
= Y [Tupwiddy + Top,widAdo + TypyyiAdy] +0 Y (ki — ski) T
k=1 k=1

’I’Lf nf
+ > [¢Dwipy Aw; + ¢DoipyAi + ¢Dgipy Ayi] + i Y puyq0Guk
h=1 pust

+PuQwkWi + Polok®i + Pgdgryi [well layer k]

where ny is the number of neighboring regions or grid block faces.

The conservation equation of solid component ¢ is

9] o
V& [psci] =v ; (8%i — Ski) T (F5.2)

The conservation equation of energy is

0
Vo [25 (0uSulUu + poSoUo + 9y S5Ug) + pyesUs + (1= 0,) Ur] - (F5.3)

nf ny
= [Tuwpu HoA®w + Top, HoAD, + Typ, HyADy + Y~ KAT
k=1 k=1
+pwdwk Hw + pook Ho + pglgrt g [well layer k]
Ny ny
+> Hyri+ HLo + HLy + HL. + Y (HAcy + HAcp),,
k=1 k=1

The phase transmissibilities T} are

T, =T

KTi .
<—> J=w,0,9 (F54)
H4T5



and for phase enthalpies

Uy = H, -2 (D9.1)
H, = inHLz
i=1
U, = H,-X
Hg = Z%ng
i=1
Py
U, = H,—~
g g 0y
s = Cps(T'—1T))
U = aT-T,)+zb(T°-172)
and for reactions .
Tk = Tr - exp (—Ear/RT) [] CF* (D13.3)
i=1
where
C; ©ppSiTii Jj = w,o0,g For fluid componet (D13.4)
C; = ,¢ For solid component

Ci

yipg For gas component

¢; 1s the concentration of component ¢ in void volume

sy; is the product stoichiometic coefficient of component i in reaction k.

Sk; is the reactant stoichiometric coefficient of component 7 in reaction k.

H, is the enthalpy of reaction k.

FE,i is the activation energy.

xj; is the represents water, oil, or gas mole fractions.

73, is the volumetric rate of reaction k.

rr1 is the constant part of ry.

nc is the number of components

and finaly for well equations

@Gk = Lik - (Pwk — Dk)

j=w,o0,g (F2.16)

e The subscrip k refers to the fact that the region of interest contains layer
no. k of a well which may be completed also in other blocks or regions.



e I} is the phase j index for the well layer £ may contain the movilty factor
(k:m / uj), through which the well equations can be tightly coupled to the
resorvoir conditions.

e pi is the node pressure of the region of interest which contains well layer
k.

® Durk is the flowing wellbore pressure in well layer k.

Constant presure
Pwf = Pspec (F41)

the subscript "spec" indicates a quantity specified by the user. Of the njq,
layers of a well, one is designated as the bottom-hole layer, its flowing wellbore
presure is pyf.

Constant Water Rate

Niay
Z Guk = 4soec (F42)
k=1
Constant Oil Rate
Nlay
Z ok = Qspec (F43)
k=1
Constant Gas Rate
Nlay
Z dgk = Qspec (F44)
k=1
Constant Liquid Rate
Niay
Z (ka + QOk) = (spec (F45)
k=1

Constant Steam Production Rate

Nlay
1
5T quk‘ylpg = Gspec (F4.6)
wo | k=1

where y; and p, are values from the grid block containing well layer k.
The wellbore presure py, 1, at each layer is obtained by adding p.,r (at k = 1)
the accumulated fluid head

hyi
P = Dug + / Yaugilh (F4.7)
h;

where hj denotes the elevation of layer k, and +,, denotes an average mass
density of the fluids in the wellbore.



2 Conservation Equations STARS for the prob-
lem 7

The semi-spatially discretized conservation equation of fluwing component aqua
of Ec.(F5.1) is
0 i
V5 Lo (puSwwn)] - = > [Tuwpywi A®y] +V (sh) = s11) 1 + pyqurwi(1)
k=1
[well layer k]

The semi-spatially discretized conservation equation of fluwing component oil
of Ec.(F5.1) is
9 Q
Va (07 (PoSom1)] = D [Topom1 AR, +V (siy — 512) 71 + podors (2)
k=1
[well layer k]

The semi-spatially discretized conservation equation of fluwing component inert
gas of Ec.(F5.1) is

nyf

0
Vo [of (pgSgy1)] = Z [Typgn APy +V (sh3 — 513) 11 + pyggryr (3)
k=1
[well layer k]

The semi-spatially discretized conservation equation of fluwing component oxy-
gen of Ec.(F5.1) is

d o
Vo [of (pgSey2)] = Z [Typgy2D@g] + V (shy — s14) 71 + pygryz (4)
k=1

[well layer k]

where n; is the number of neighboring regions or grid block faces.

The conservation equation of energy is

0
V& [(pf (pr’wa + pOSOUo + pgSgUg) + (1 — (p'u) UTJ (5)
nyf nyf
= Y [Tup,HulA®y + Top,HoAD, + Typ, HyAD,] + > KAT
k=1 k=1
+pu@wk Hw + polorHo + pgdgrt g [well layer k]
+V (Hrlrl)
and
Ne
r1 = rp-exp(—FEq./RT) H Cce* (6)
i=1
®; = pj—Ajgh



3 Conservation Equations RESSIM for the prob-
lem 7

The semi-spatially discretized conservation equation of fluwing component aqua
of RESSIM equation is

— (ge)?) (97')3
(OSututan) + V- (L, V) = e + (7)
The semi-spatially discretized conservation equation of fluwing component oil

of RESSIM equation is

. (96)1 (Qr)l
(6S08gm10), + V- (L, - V@, ) = 2o + 2o ®)
The semi-spatially discretized conservation equation of fluwing component inert
gas of RESSIM equation is

(ge)7g (97")79

O805010) + V- (L, V) = 510 + S22 )

The semi-spatially discretized conservation equation of fluwing component oxy-
gen of RESSIM equation is

(g€)6g (g7‘)6g

(6868,760), + V+ (L5, - VO ) = T (10)
The conservation equation of energy is
(¢ (Swpwcvw + Sopocvo + Sgpgcvg) T+ (1 - ¢) p7'CW’T)t - (11)

Ve (L, VeueruT+L, VOucp,T+ L, - VO,cp,T)
=Qr+Qr+ V- (krVT)

and
N,
(9r); = Z (8%i = Ski) Tk (12)
k=1
Nr,k
re = Re-exp(—Ey/RT) [] F/** (13)
i=1
®a = Pa — Pa9% (14)



4 Interpretation of variables between STARS y
RESSIM

In this case for the Ec. (1) of STARS

nyf

0
Vo [0 (PuSww1)] = [Twp,wi A®y] +V (shy — s11) 71 + pyqurws (15)
k=1
replacing
T, =T #> j=w,o0,g 16
= (Nﬂ"y‘ 16)
then
Vg[tp (pSw)]:iT Fru P W1 AP, [ +V (877 — 811) 71+ P QukW
gt L1 PuwPwtn 2= \ura wW1 ALy, 11 = 811) T1 Py Quk W1
(17)
where 7, 7 = w, 0, g is the resistance factor are normally 1.0.
And in Ec. (7) of RESSIM
(6Subutsn)y +V - (L, VOu) = edsw 4 (9)su (18)
wSwt3w/¢ 3w w | — Ww Ww

now replacing the second tem I, = xi“i‘*km and (gvrv)j“’ by (s11 — s11) 71, then

@

T3w gw krw

% (@SwéuTsw) + V- ( k- v«bw) _ s (sh3 —s13) 1. (19)

W

w



Now comparing term by term for RESSIM Ec.(17) and STARS Ec.(19) for
the componet water

0 Z wgwkmu (ge) w
% (0Swéy®3w) + V- (P’Té ' V‘I)w) = Wi + (s13 —s13)m1 (20)
Vg[gp (pSw)]:iT Fru P W1 AP, [ +V (877 — 811) 71+ P QuwkW
ot f \WPwPwWl s = Ly T w1 w 11 1) 71 wqwkW1
(21)
The first term ¢S,&,, T3, and @y (P Sww1) then
RESSIM | STARS
(1-0)¢ Pt
¢ Py
5 S (22)
Ew Puw
T3w wq
and for the term V - (’”Sijkm k- V<I>w> and T (ﬁm;) P w1 A®,, then
RESSIM | STARS
krw kT’w
Hoy Hoy
€w w
+ ”I (23)
T3w wq
b, P,
— e = 1.0
and for the term (s}5 — s13) 7 and (s]; — s11) 71 then
RESSIM | STARS
/ !
513 S11 (24)
513 S11
1 T1
for the r; then
NR,k
RESSIM 1y =Ry -exp(—Ey/RT) [] F**
i=1 (25)

STARS  ri=rp-exp(—Eq./RT) H c
=1



where

RESSIM | STARS

1 T1

Ry Tr1

By Eq1

0 i (26)
T T

F; Ci
€i.k €L

and for the last term %’m and p,,Gurwi, first is necesary defined (g—;%ffi??‘?,

and for the second term remplacing
@ik = Lik - (Pwtr — D) Jj=w,0,9 (27)

in p,,quirw: then
Puwlwk - (Pwik — Dr) w1 (28)

where [see Ec.(F4.1) to Ec.(F4.7)]

Lk = (krw /)

hy, 29
Pwfk = Dws + fhlk 'yavgdh‘ ( )

By analogy, for the Ec.(8) and Ec.(2) for componet oil, then the first term
$S5€,710 and @y (p,Sox1) then

RESSIM | STARS
(1-0)9 Py
¢ Pu
5 5 (30)
$o Po
Tlo X1
and for the second term V - (xl"ﬁ k“’ﬁ . V<I>O> and T (ﬁ) PoT1 AP, then
RESSIM | STARS
kTO k’I’O
Ho Ho
€6 Po
k T (31)
1o 1
D, o,
— ro = 1.0




and for the term (s7; — s11) 71 and (s} — $12) 71 then

RESSIM | STARS
Slll 5112 (32)
S11 512
1 1

and for the last term %ﬁ and p,qorx1, first is necesary defined (g—‘j&m???, and

o,

for the second term remplacing
@ik = Lik - (Pwyr — Pr) J=w,o,9 (33)

in p,gorx1 then
Polok - (Pwtk — Dk) T1 (34)

where [see Ec.(F4.1) to Ec.(F4.7)]
Tok = (kro/ o)
Ry 35
Pufk = Puwf + [ Yavgdh )

By analogy, for the Ec.(9) and Ec.(3) for componet gas inert, then the first
term ¢S,€, 74 and @ (pgSgyl) then

RESSIM | STARS
(1-0)9¢ P
¢ Py
S, S (36)
&g Py
L7g Y1

and for the second term V - (L’i‘&k . V@Q) and T (%ﬁ—) pgylA(Pg then
g = = g'g

RESSIM | STARS
krg krg
Hg Mg
ékq ’;z (37)
L7g Y1
o &y
— rg =1.0
and for the term (s}, — s17) 1 and (s}5 — s13) 71 then
RESSIM | STARS
Sll? 5l13 (38)
S17 513
T1 T1




and for the last term %ﬁ and p,qgry1, first is necesary defined L;[,);H-???, and

for the second term remplacing
gk = Lik - (Pwtr — D) Jj=w,0,9 (39)

in pyqgry1 then
Pglok - (Pwrk — Pr) Y1 (40)
where [see Ec.(F4.1) to Ec.(F4.7)]

I = (kr
jk (k g{l'fjg) (41)
Pwfk = Pwf + fhl ’)/avgdh

By analogy, for the Ec.(10) and Ec.(4) then for componet oil, then the first
term ¢S,€, 6, and @ (pgSng) then

RESSIM | STARS
(1-0)¢ Pr
¢ Py
S, S (42)
&, Pq
Teg Y2

and for the second term V - (%&E . VQg) and T (%ﬁ—) pgyzA(I)g then
un = \n,7q

g9

RESSIM | STARS
krg krg
Hq Hq
T )
Teg Y2
Py Py
— rg = 1.0

and for the term (s}g — s16) 71 and (s}, — s14) 71 then

RESSIM | STARS
5/16 314 (44)
516 514
L5} "1

and for the last term %ﬁ and p,qgrye, first is necesary defined %1?7?7 and

for the second term remplacing

@ik = Lik - (Pwsr — Pr) Jj=w,o,9 (45)

10



in pyqgrye then
Polgk - (Pwsr — k) Y2

where [see Ec.(F4.1) to Ec.(F4.7)]

ng: = (krg{z/ig)
pwfk: = pwf + fhlk 'Yavgdh

11



The conservation equation of energy is for STARS

d
V& [ (PuwSwUw + poSoUs + pySgUy) + (1 = ,) Uy (48)
nf nf
> [TwpuHoA®w + Top, HoA®y + Typ, HyAD,| + > KAT
k=1 k=1
+PwuwkHw + podorHo + pyageHy — [well layer k]
+V (Hp1m1)

remplacing U;, H;, and T} using

then

U, H, -t
Hg = Z%’ng
=1
Py
Ug Hg -
Pg
1
U, a(T —1T,) +§b(T2 T?)
Ky
T; T( . > j=w,o,g
H5T5

0 Pw Po
Va {gpf (prw (Hw — —> + 0,5 <$1HL1 — —) + (50)
Py
PgSq (yngl +yaHgo — —>) +

(1-¢,) ( (T ~T) + 5b (1 Tf))}

nyg

|:£ < krw > pwHqu)'w +£ ( k7: ) Po (leLl) A(I)o
1

k— H’wrw N’o o

ky
+T <_g> Pg (yngl + yZHgZ) A®9:|

= lj’grg
nyg

+ ZKAT + P QuiHuw + potor (x1Hr1) +
k=1

Pydgk (Y1Hg1 + y2H o) [well layer k] +V (Hyr1)

12



And for RESSIM
<¢ (Swpwcvw + Sopocvo + Sgpgc’ug) T + (1 - (rb) prc’UT’T)t - (51)
Ve (L, VOuersT + L, VOoersT +L, - V4T )
=Qr+Qr+V-(krVT)

Nr
remplacing ga = pﬁ%ﬁ and Q, = Z H, 7k, then
k

(¢ (SwPuwCow + SopoCuo + Sgpycug) T + (1 = ¢) prcuT), — (52)
. . k,
V- (’)Zﬂg V,cpT + ”"—kmg VBep,T + L0 VcbchgT)
w o g

=Qr+Hr + V- (krVT)

Now comparing term by term for RESSIM Ec.(50) and STARS Ec.(52) of
conservation equations of energy, then

(¢ (Swpwcvw + SoPyCvo + SngCvg) T+ (1-9) P7-Cv7-T)t - (53)
k,
V- (ME VO, cpoT + po_kmk -V, cp,T + Pg QE . VQchgT)
Ky — Mo — ‘ug N

= Q] +Hpqri + V- (KTVT)

8 w o
Va {gpf (prw (Hw - i—) + 0,50 <$1HL1 - p_) + (54)

w

PgSq (yngl +y2Hgo — %)) +
g

(=) (a =1+ 30 (12~ 12) )|

’ILf k kj
— [g( e > P Huw A, +£( e )po (r1Hp1) A®,
k=1 ,U’wrw :uoTO

k,
+£ <£> Pg (yngl + yZHgZ) A®g:|
lj’grg
ny
+ Z KAT + Pwak-Hw + Polok (leLl) +
k=1
Pgdgk (Y1 Hg1 + y2Hyo) [well layer k] +V (Hpr)

13



For the first term ¢S,,p,,cvw! and <pfpw5w (Hw - %) then

RESSIM STARS
(1-0)¢ Pr
¢ Po
S, S, (55)
Pw Py
CowT' Up=Hy, — ﬁ_w

for the term ¢S,p,cyo1 and <pfp050 <$1HL1 - ‘;—°> then

RESSIM STARS
(1-0)¢ Pr
S, S, (56)
Po Po
C'uoT Uo = leLl - %

for the term ¢Sgpgcng and gpfpgSg <y1Hgl + Yo Hgo — %j) then

RESSIM STARS
Sy Sy (57)
Pq Pq ,
Cng Ug = yngl + yQHgZ - %Z'
for the term (1 — ¢) p,corT and (1 — @,) (a (T = T;) + b (T? — T?)) then
RESSIM STARS
¢ @y (58)
PrCorT U-=a(T—T,)+ 5b(T* —T7)
Puwkrw k
for the term V - (—ﬂbﬁ - Vq)prwT) and T (“—%) PuwHwAP,, then
RESSIM | STARS
Pw Pw
kTw k'f’w
Hoy Hoy
k T (59)
b, P,
CPwT w
— ry = 1.0

14



for the term V - (&%é . V@OCPOT) and T (Ekﬂrt) p, (x1Hp1) A®, then
RESSIM STARS

Po Po

kro kTo

T 7 )
¢O o

cpol H,=x1Hp
— ro = 1.0

for the term V- (ﬁgﬁﬁ . V®90pgT> and T <%9—> Pg (yiHg1 + y2Hgo) A®, then

g Tg

RESSIM STARS

Pq Pq

krg krg

Mq ljl(]
X T (61)
®g ¢g

cpgT Hy =y1Hg1 +y2Hgo
— rg = 1.0

for the term V - (krVT) and K AT then

RESSIM | STARS
KT K (62)
T T

where

RESSIM kr = (1 = 0) ¢ (Swhw + Soko + Sykg) + (1 — @) Ky
STARS Kmiz = g (thconw - Sy, + thcono - S, +thcong - Sy) +  (63)
(1—,) - theonr + (¢, — @) - theons

for the term H,1r1 and H,17r; then

RESSIM | STARS
Hq H,q (64)
"1 1

for the term Q; and p,,quiHw + poGok (T1HL1) + pyqer (Y1 Hg1 + y2Hya) , first
is necesary defined Q;777, and for the second term remplacing ¢, where [see
Ec.(F4.1) to Ec.(F4.7)]

qjk = Ijk: . (pwfk‘ 7pk:) .7 =w,0,9 (65)

hy
Pwf = Pwf +/ Yavgdh (66)
)

J

15



then

Puwlwk - (Pwsk — Pr) Huw + polok - (Pwsk — Pr) (x1HL) + (67)
Polok - (Pwrr — Pr) (Y1 Hg1 + y2Hyz)

16



5 Data for the reduced problem 7

e Porosity *POR CON

o = 0.25 (68)
e Permeability *PERMI CON
E=6.908¢ -1  pum? (69)
e Thermal conductivity
Kmiz = ¢f (thconw - S, + thcono - S, + thcong - Sy) +
(1—,) - theonr + (¢, — @) - thcons (70)

where use with *THCONR=4.4861e+5, *THCONW=4.4861e+5, *THCONO=4.4861e+5,
*THCONG=4.4861e+5.

e Molecular mass component *CMM

0.018, 0.5089, 0.038, 0.032

e Critical Pressure *PCRIT

P, = 22110,349.6,5171.1,5033.2 (71)

e Critical temperature *TCRIT

T,; = 647.4,887.8,194.4,154.4 (72)

e K Value Correlations *KV1=0, *KV4=0 (defaults values)
K = (kvl/p+ kv2 % p + kv3) x exp (kvd/ (T — kvb)) (73)

by omision K, is a table data.

e Reference pressure *PRSR
pr = 5620 (74)

e Reference temperature *TERM
T, = 322.2 (75)
e Coefficent in liquid Heat Capacities*CPL1

CPL1=0,1278.1,30.27,32.15

Liquid Heat Capacities
Condensable component:

17



CPL(T) = cpll + cpl2 x T + cpl3 * T? + cpld * T3.
HVAP(T) = hor + (TCRIT — T)®" .
HG(T) = HL(T) + HVAP(T).

Non-Condensable component:
CPG = cpll + cpl2 * T + cpl3 x T? + cpld x T3,

Vaporu Heat Capacities
Condensable component:

CPG(T) = cpgl + cpg2 * T + cpg3 * T? + cpgd x T3.
HVAP(T) = hvr * (TCRIT —T)"" .
HL(T)=HG(T)— HVAP(T).

Non-Condensable component:

CPG = cpll + cpl2 + T + cpl3 x T? + cpld = T3.

Liquid and Vapour Heat Capacities
Condensable component:

CPG(T) = cpgl + cpg2 * T + cpg3d + T? + cpgd + T°.
CPL(T) = cpll + cpl2 T + cpl3 * T? + cpld * T3.

where

C PG Heat capacity in a liquid phase
C PG Heat capacity in the gas phase
HV AP Enthalpy of vapourization

Non-Condensable component:
CPG(T) = cpgl + cpg2 * T + cpg3 x T? + cpgd * T3.

e The density of component k in the solid phase at pressure p and temper-
ature T is given by

cp-(p— PRSR) —ct- (T —TEMR) +

Psk = Pro P | " ()" PRSR) . (T — TEMR) (76)

where use *TEMR=322.2 and *PRSR=5620.
e Mass density at reference pressure *MOLDEN=55500 1924.8

e Liquid Compresibility at constant temperature *CP

CP =145e—6

18



e Thermal expansion coefficient *CT1 CT1 = 06.8e — 4, then
0 1 2 2
pus = e alp=p) ~b(T = Tr) = ge(r?=T)| (1)
1
Poi = Poi€XD [a (p=pr) = b(T = Tr) = 5¢(T% - Tf)] (78)

where

a is the compressibility at constant temperature *CP
b+ T is the termal expansion coeflicient
P2 is the density at reference conditions p, and T

pY, is the density at reference conditions p, and T}

e Liquid densities are obtained by ideal mixing of pure-component densities
whit pahse composition

w;
— = D4.1
Pw ; Pwi ( )
nc W
— = — D4.2
Po i=1 Poi ( )
pgzl_pw+po (79)

e Stone’s Model II, liquid does not contains S, (*NOSWC) pag. 368

_ (krow/krocw + krw) *
k'l»o - krocw ( (kTog/kTocw + kTg) _ kT’w _ k'r‘g (80)
krocw = krow (S'w = 0) = krog (Sg = 0) (81)

where Sy, kryy and kyoy are datum of *SWT, and S1, k4 and ko4 are datum of
*SLT *NOSWC. Then

Sy = Interpolation (82)
S1 =25 (83)

then
Sg=1=54,+5 (84)

e The gas viscosity correlation is
g = AVG(i) % (T * * BVG(i)) (85)

where *AVIG= 2.435e¢—16,0, 3.719¢—15, 3.883e—15 is the first coefficients
of the correlation for temperature dependence, *BVG= 1.075,0,0.702,0.721
is the second coefficients of the correlation for temperature dependence.
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e The liquid viscosity correlation is

pyp = AVISC(i) x exp(BVISC(i)/T) (86)

where *AVISC= 0,1.157¢ — 3 is the first coefficients of the correlation
for temperature dependence of component viscosity, *BVISC= 0, 2726.7
is the second coefficients of the correlation for temperature dependence of
component viscosity.

Crital chemical reaction data, si; =*STOREAC= 0, 1,0,45.2915, S}, =*STOPROD=
29.71,0,37.46,0, rr, =*FREQFAC= 3.0837¢ + 5 are stoichiometric coeffi-
cient of reacting component, produced component and reaction frequenci

factor, are use in the critical chemical reaction data to use in Ec.(F5.1 and
F5.2).

Noncritical chemical reaction data, * RENTH= 5e+7, *RORDER= 0, 2,0, 1

and *EACT= 50000 are Reaction enthalpy, Order of reaction whit respect
to echc reacting component and Activation energy respectively. The ex-
presion for the volumetric reaction rate is

rr = rrfxexp(—eact/ (T * R))*c(1) * xenrr(1) * (87)
.. x¢(ng) * xenrr(n.) (88)
c(i) = @y *den(iphas(i)) * sat(iphas(i)) * z(iphase(i), i)

Py * [1 - chk'/Psk}

vf
where

rrf constant part of the expresion (r,j)

eact activation energe *EACT

T Temperature

R Universal gas constant

¢(1) Concentration factor contributed by reactan component i
enrr Order of reaction with respect to component : *RORDER

Initial values

Presure p = 5620 kPa

Water saturation S, = 0.3
Temperature T'= 322 K

Gas mole fraction inert gas 0.71
Gas mole fraction Oxygen 0.29

Oil mole fraction 1.0
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