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xQiL sHL Q@ s}UkD =yR=i sHL |Q]k T} QD=t w N = fnl;n�g u; QO xm
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%CWwv u=wD|t OvW=@ OwHwt R=i wO Qy Qo = 'x=ov;
ND�1

u = X �

%Ovm|t u=}@ u}vJ =Q <=RH= p=kDv= 'sQH |=k@ uwv=k
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@t

+ @
@x
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l} 'OvW=@ n R= pkDUt p=}U pm CaQU w Q=Wi xm u}= Q@ \wQWt 'jwi |xrO=at
[11]"CU= |wrwrPy |xrO=at

|OOa VwQ "3
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%OwW|t xDUUo 6 |xrO=at wQTB |Qr} w= OwOLt p[=iD VwQ R= xO=iDU=
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%u; QO xm
	ii = �ni +

�
�jni+1=2 + �jni�1=2

� �t
�x2

	ij =

8>>>><>>>>:
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� �jni�1=2 ; j = i� 1

0; otherwise

Ei = �ni �t+ �ni p
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i+1=2
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"CU=ypwrU O=OaD Qou=Wv n cell 'u; QO xm
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w |UQQ@ OQwt V}B =yp=U R= |wtyU CqO=at pL |=Q@ OwOLt p[=iD VwQ
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@t
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(X � v) (6)

%u; QO xm
� = eTu� 1

�t
�

%R}v w
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"0 017PV=D =@ CU= Q@=Q@ 8j} QRD |@O "T = 397K w

%R= Ov=CQ=@a j} QRD w uRNt |x}rw= C=@}mQD 'xr�Ut C=aq]= x@ xHwD =@

zres =
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1 0
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; zinj =

( 1 0
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)
'CU= <=RH= pwt O=OaD Q@ |vD@t xr=kt u}= QO xO=iDU= OQwt *|[=} Q pOt xm =Hv; R=

%CW=O s}y=wN
�mix = RT Zmix

p
[ft3=lbmole] (15)

(10 732 psia:ft3
lbmole:R ) =yR=o |v=yH C@=F R '\wrNt |rwt sHL �mix u; QO xm

l} Qy pwt O=OaD Q=OQ@ 'u}=Q@=v@ "CU= xU xHQO Cr=L |xrO=at |xW} Q Zmix w
%OwW|t x@U=Lt u}vJ (n) xQiL sHL OL=w Q@ <=RH= R=

n = V
�mix

� z (16)

xOW u=}@ 1 pmW QO xr�Ut |rm pL sD} Qwor= "CU= pwrU sHL V u; QO xm
"CU=

"CU= xOW xO=O u=Wv j} QRD pLt R= xrY=i ?ULQ@ u=Dt ?}mQD 3 pmW QO
|r}rLD pL 'xQo 201 R= pmWDt |xm@W R= xO=iDU= =@ 'OwW|t xOy=Wt xm u=vJ
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u}mQr=o � |@}mQD OwOLt u=tr= |@}mQD VwQ w OwOLt p[=iD VwQ |=Q@ |D=@U=Lt
|xU}=kt Qw_vtx@ q=@ CkO =@ |RmQt ?} QkD VwQ w [1]�MFE-DG� xDUw}B=v
u=tr= |@}mQD |=yVwQ xm OwW|t Qw;O=} "CU= xOW x�=Q= =yv; |D=@U=Lt |xv} Ry

"pw= |xr�Ut x@ \w@ Qt C=aq]= "1 pwOH
C}tm Q=Okt

(mole frac) j} QRD R=o ?}mQD 1 0C1 0 0C3
(mole frac) uRNt p=}U x}rw= ?}mQD 0 0C1 1 0C3

(bar) Q=Wi Case 1a : 50; Case 1b : 69
(K) =tO Case 1a : 397; Case 1b : 311

(fraction) pNrND 0 2
(md) |Q}PBPwiv 10
|@Uv |Q}PBPwiv k� = S�

|=Q@ Cw=iDt |=yxQo O=OaD QO |v=tR s=o Qy QO �x}v=F� VR=OQB u=tR "2 pwOH
"PV Injection = 0 68 QO hr=1 |xr�Ut

500 200 100 50 xQo O=OaD
VwQ

� � 1 24 0 37 MFE-DG VwQ
� 1 33 0 52 0 16 |RmQt ?} QkD VwQ

4 41 � 0 49 0 14 OwOLt p[=iD VwQ

Q)tO=D w h)v=oQwm VwQ "4"3
|Ov@pwtQi xDUUos=tD w xDUUoxt}v pmW wO Qy x@ =Q OwN VwQ Q)tO=D w h)v=oQwm
VwQ u}= "CU= xDU}=B =Q} R s}vm|t xO=iDU= xDUUoxt}v pmW R= '=Hv}= QO "OvOQm
CUO x@ u}vJ u; |OOa Q=W w OQ=O O ��x3� |x@DQt R= |awvYt VNB l}

[9]%O};|t

hi+1=2 =
h
�
n+
i+1=2

�
+ h

�
n�i+1=2

�
2 � ai+1=2

2
h
n+
i+1=2 � n�i+1=2

i
(13)

%u; QO xm
n+
i+1=2 = ni+1 � �x

2 nx;i+1

n�i+1=2 = ni + �x
2 nx;i

%OvwW|t x@U=Lt u}vJ R}v n Q}eDt C=kDWt
nx;i = minmod

�ni+1 � ni
�x

; ni � ni�1
�x

�
nx;i+1 = minmod

�ni+2 � ni+1
�x

; ni+1 � ni
�x

�
%OwW|t h} QaD CQwY u}O@ minmod |xOvvmOwOLt 'u; QO xm

minmod (x; y) =

8>>>><>>>>:
min (x; y) x > 0 ; y > 0
max (x; y) x < 0 ; y < 0
0 xy < 0

(14)

CU= �ai+1=2 |va}� Gwt Q=WDv= CaQU u}}aD |xwLv 'xOv=t|k=@ |xr�Ut =yvD
QO xm CU= |wrwrPy |xrO=at u}@ wm =S T} QD=t |xS} w Q=Okt u} QDnQR@ =@ Q@=Q@ xm
|x@U=Lt xm =Hv; R= "OwW|t x@U=Lt n�i+1=2 w n+

i+1=2 C}akwt wO u}@ |}x]kv
|@=UL u}ov=}t '�n QO ai+1=2 Q=Okt 'CU= xO}J}B Q=}U@h} QaD u}= =@ GwtCaQU

[15w3]"OwW|t x@U=Lt 'n�i+1=2 w n+
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R= xW}ty p=}U u=} QH 'u}=Q@=v@ "CU= xOW `k=w x = 50m |x]kv QO 'uRNt
=@ OvwW|t x�=Q= xOW pL p�=Ut 'xt=O= QO "CU= x = 50m CtU x@ x = 0
'(CH4) u=Dt u@ QmwQO}y u=ty C1 R= Qw_vt p�=Ut u}= |t=tD QO %xm |Qw;O=} u}=
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42



"""w
|Q_

vtx
O=R|

kDO
=OQy

t'|
k}kL

u=iQ
a R= pY=L G}=Dv R}v ?1 |xr�Ut QO 'OwW|t xOy=Wt 4 pmW QO xm u=vJ

"Ov=xU}=kt p@=k xQo 100 =@ [1]|O=@;RwQ}i w C}*Dwy Q=m w xQo 201 =@ |R=Ux}@W
s=o l} QO VR=OQB u=tR u=R}t "CU= 0 4 =@ Q@=Q@ Cv=Qwm OOa R}v xr�Ut u}= QO

"CU= xOW xO=O u=Wv 3 pwOH QO xr�Ut u}= QO VwQ xU Qy |=Q@ |D=@U=Lt

|xr}Uwx@ C2=C3 |}=DwO `}=t \wrNt |}=Hx@=H xr�Ut u}= QO "swO |xr�Ut
OYQO 90 R= pmWDt |k} QRD R=o "OQ}o|t Q=Qk |UQQ@ OQwt C1=C3 |R=o \wrNt
X=wN "OwW|t j} QRD 0 017PV=D |@O =@ xm CU= C3 OYQO 10 w C1

"Ov=xOW x�=Q= 4pwOH QO xr�Ut u}= |=Q@ uRNt nvU w p=}U
51 ,=@} QkD j} QRD R= TB R=o w Civ |=yR=i QO u=B wQB w u=Dt ?}mQD |=y|vLvt
pL "Ov=xOW xO=O u=Wv 6 w 5 |=ypmW QO ?}DQDx@ '�RwQ 30� xQiL sHL OYQO

wO xm OwW|t XNWt xQo 500 =@ OwOLt p[=iD VwQ w 'xQo 201 =@ |RmQt
VwQ 'u=Um} xQo O=OaD QO "OvOwOLt p[=iD VwQ R= QD`} QU Q@=Q@ 4 ,=@} QkD pw= VwQ
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1. �eld-scale
2. 
ux-corrected schemes
3. total-variation diminishing (TVD)
4. staggered grid
5. collocated grids
6. degenerate
7. volume error discrepancy
8. pore volume per day (PV/D)
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