WO 2015/038163 PCT/US2013/059987

100 1/13
102 ™ ,
N\ 1
e | e ]
(PERMEABILITY AND PORQSITY) 4
PRODUCTIOIN RELATIVE
AND PRODUCTION PERMEABIL{TY CURVES |
RATE HISTORY
v ¥
CONFIGURE SIMULATION DECK
106~ WITH FLUID DATA AND
CONSTRUCTED PSEUDO-PHASE] |
RELATIVE PERMEABILITY CURVES 110
v Z
PERFORM INTERPOLATION
OF RATE DATA IN THE
108~ neponoo | _ | TMEAXIS AS NECESSARY
SMULATION (IN ORDER TO COMPARE
PSEUDO-PHASE RESULTS
TO PRODUCTION HISTORY
COMPUTE CORRELATION | | PLOT PSEUDO-PHASE
BETWEENPSEUDO-PHASE | | _ __| PRODUCTION CORRELATION
112--|  PRODUCTIONCURVEAND | | | AND DETERMINE BEST
HISTORICAL DATA 114~ CORRELATION
COMPUTE RELATIVE ERROR OF | |
'PSEUDO-PHASE PRODUCTION PLOT PSEUDO-PHASE
RATE CURVES WITH RESPECT | |~ — ~»] RELATIVE ERROR ACROSS
116| TOHISTORCALDATAACROSS | | 4.0 A ALLSIMULATED TIME
ALL SIMULATED TIME
"DETERMINE OPTIMAL ~ PLOT RELATIVE ERROR
PSEUDO-PHASE CURVE _ . ACROSS SIMULATED
104  BASEDONMINIMIZATION T TIME AND AS A
OF RELATIVE ERROR CUMULATIVE VALUE
N
126
OPTIMAL PSEUDO- NO
PHASE RATE CURVE
WITHIN SPECS?
128
YES FI1G. 1A
A {TOFIG. 18

'RECTIFIED SHEET (RULE 91)



WO 2015/038163

2/13

FROM FIG. 1A

[i)

130~

COMPUTE COMPOSITE, AVERAGE
AND WEIGHTED AVERAGE CURVES

'

132~

PLOT COMPOSITE, AVERAGE AND
WEIGHTED AVERAGE CURVES WITH
RESPECT TO HISTORICAL DATA

¥

134

' DETERMINE THE BEST OVERALL MATCH OF
| THE ACTUAL PSEUDG-PHASE PRODUCTION
RUNS, COMPOSITE(S), AVERAGES AND
WEIGHTED AVERAGES WITH RESPECT TO

 PRODUCTION HISTORY

END )

FI1G. 1B

RECTIFIED SHEET (RULE 91)

PCT/US2013/059987



WO 2015/038163 PCT/US2013/059987

3/13
200
0 \‘ OIL-WATER RELATIVE PERMEAB]UTY FIG' 2
0.9 '
0 —&—— {210} KRW_ORG
t .8 -
% 0.7  —8—— (220) KROW_ORG
%ﬁ 06+
ui 0.5+
5 04+
=
5 0.3+
]
& 0.2+
0.1
0.0 - &5 T T - & )]
g0 0.2 0.4 0.6 08 10
WATER SATURATION
FIG. 3
1000 3
]
4
100
]
103
g ]
x d
2
>
14
]
0.1
]
0.01 1 - T - — T S
0.0 0.2 04 06 0.8 10
WATER SATURATION

RECTIFIED SHEET (RULE 91)



WO 2015/038163 PCT/US2013/059987

4713

FiG. 4

1.0 ~
08
0.8~
8.7
0.6 -
0.5+
04+
0.3
0.2
031

0.0 ~peme y—
0.0 8.2

—— e KRW_PM104
| aenesenanns KROW_PM104

RELATWVE PERMEABILITY

b i 3

1 5
05 ¢.8 1.0

-:JL"-,----9-—M¢”~W-~'-1!

WATER SATURATION

10
08+
0.8
0.7 4
0.8
0.5
8.4
03~

8.2

0.1

0.0 T T ~T

7
0 1 2 3 4 5
PSEUDOMULT_ID/0G

CORRELATION

o
-~
o

RECTIFIED SHEET (RULE 91)



PCT/US2013/059987

WO 2015/038163

/13

5.

NOLVYUNLVS HILYM

- i o
POLNdAMOMY (28] - - —~

POHAG MY (026) fe == _ “ Lo

VEOLIN MO (028) 1<+ o+ += > |

YLOLAS MEN (G G) o o =« == ! - 20

0L MOUN (18] ¢ — — - | -
EOLNG MU (piG) pmmamme w .
204 MOYY (239} S yeg'zeg " Lo =
ZOLNG N (018} from = e _ m
L0LNG MO {608) +— - —— ) -so &
LRGN (9D5) b = o = | m
QUG MO {b0S) p—Br—r _ “ - 90 m

QYO MUY (208) f—tr—r ! . o

~ 80§ _~¢
218 \v_ ‘305 -0
_ ‘038
~©—m g - 80
143 ~ — M« .
$ 'DiAd 028'91§

RECTIFIED SHEET (RULE 91)



PCT/US2013/059987

WO 2015/038163

6/13

SAVQ IALLYINNND

0009 0005 000y 000¢ 0002 Qoo 0
1 . R i . L L o o
!
|
{
{0002
PeocRo00se0d
- 000¥
~ 0009
- 0008
~ 06003
- 00021
GELLINWOANISA AV X3183M (819) — - — VZL LINWOAN3SA™AY 1L X3L53IM (909) — — —
QLA AYTL XA ISIM (Pl ~===== 2 1INNOANISA AYILXTLSIM (90g)- <o+ 00091
g ‘D[ { ELNN0NISI AV XALSIM (219)~ — — J4LLLINNOANIS AV XILSIM (b0g) — - —
ZLLINNOCNISH™ AV X3LSIM (049) - -~ -~ 001INN0AN3Sd AV X3183M (209) —0—

PRODUCTION RATE Olt {STB/DAY)]

RECTIFIED SHEET (RULE 91)



PCT/US2013/059987

WO 2015/038163

7713

SAVA 3ALYINWND

0009 000s 000y 000g 0002 0age
i { Y P N

! | Q0060000
) '
v.iLM‘ e e + ooy
Ty TTTTTTT T T T T T T
N~ Fommems y el —-
o ! | e e N S A - 0009
% “ iYL L i M
\ } ‘
illrllllln\lﬂnllllu #PN fll~ Pvll. — M w{
J Loa tlll)l “, !!!!!! /l).. : OOOm
\ y
1
- ——— : L2 s M= j 0.
90L ", | 7 0Lz Y ﬁ
e iz r 904 | |
...Z..-...-p..f ‘lf’-(‘!t}.»-»\ ...x‘:vo “ TQOOOW
. 00021
ae::s_ooawwa ><,: x.&mwz G:T. - — 55:58@& AV x&mwg aos ———]
, 0ONISdAYIL X3183IM (904): aaont
L O1d CLLTNNOANISE AV XILSIM (2L 4) = = ~— BLLLINNOANIS AY T X31SIM EE ———
SZLLINNOON3SS AV X31sam (0L} -~ ~-~~ Q0L INNOANIS AV T X3LSAM (20 L)~

PRODUCTION RATE OlL [STRIDAY)

RECTIFIED SHEET (RULE 91)



PCT/US2013/059987

WO 2015/038163

873

SAVA IALYINAND |
0009 0003 000% 000t 000z 0004 0
4 i 1 L - 1 ma.
."..... - 90
,...., ...... Oom .
= - 20
A ...
Ow.m ,/ .-. . - Nom -
..mv// ) .,...D ) f IIIII .~..' il 5 ) 0
N A0 TN .!w “tll_ru ; - R
mﬁm'g“ll ‘)4“ .’/{h«u’“-...-. " .-. k7~— _j
("N tet -~
“. vaf_/ .._?.;tr....ulvl.....“.:...:. ~!. wfom .N o .._1.._ - 20
f/’- P | l..fl: "~ ......llu‘ o — ] ~
\ i g -~ J - !
| ;ﬁ k) 2ie S 5 v
' -~ 1
~ ~ [ Ay sl
Ny % -
a r TN~ .:\)l;*lnr..lle 80
! e
« v06
NOILONAE NIA (g46) ~— =~ JZLETNNOTNISd AV X3LSIM (B08) — — —
V QeLLINNOGNIS AV L XILSIM (b1} -~=-=-  ZLLINROTNISd AYTL XILSIM (80G) -+ --+<=+ ol

6 DId

JEVLINNOANISd AV, X3LSIM Z16) — ~ —
ELLINNOANISA AV T X3LS3M (0L6) - -~~~

JLLIINNOANIASd AV X3183M (406) — ~ —
G0LTAROANIASH AV X3LSIM (206)

RELATIVE DIFFERENCE

RECTIFIED SHEET (RULE 91)



PCT/US2013/059987

WO 2015/038163

9/13

SAVQ IMLYINNND

106 IS8 108 ISL  LOZ 1SS 109 156 10§ IS Lov

| TR 1 B IS | 1 L L

1 § )

158

I

108

~L

152

| -

10z

J

308

A

L0}

y)

3

i

9001

otoL L ek

¥001

2001

GeLLINWOANISY™AVIL X3L83aM (Z104) [T]
JELLINNOANIS AV X3Lsam (ol &
ELLINNOANIS AV X3453M (8004} £
2L1INN0aN3SA AV "X3Ls3aM (8o0i) )
JZLLITNGANISH™AY L "X3153Mm (F001) 3
OLLLIINNCANASE AL X3183Mm (200)) B

- L

01 "OIAd

INTERVAL AREA [uA2)

RECTIFIED SHEET (RULE 91)



WO 2015/038163 PCT/US2013/059987

113

(1902) WESTEX_JLAY_PSELDOMULTIIC
| (1104) WESTEX_1LAY_PSEUDOMULT12 |

[N\ (1106) WESTEX_1LAY_PSEUDOMULT42C |
FIG. 11 (1108) WESTEX_1LAY_PSEUDOMULTA3
~ro F{1110) WESTEX_1LAY_PSEUDOMULT13C

[:] (1111) WESTEX_1LAY_PSEUDOMULT13D

10000

1000

100+

TQTAL AREA [u*2]

10~

PSEUDO-PHASE RELATIVE PERMEABILITY CASE

RECTIFIED SHEET (RULE 91)



PCT/US2013/059987

WO 2015/038163

J1/13

0009

SAVQ IMLYINNNRD

000 ~ 000b 000¢ 0002 000} 0
1 . i i ! O
e - 0002
IAEND FLUSOJNOD ~vmmnsm ~
{dYI LN} §LLINNOANTSA™AYTE X3LSIM ~ =~ ~ —
{Q¥3LNIE 2L INWOANISd ™ AY T X3LS3M ~— = ~— - 0oy
G0LTNWOANISA AYTE XILSIM =~ = — =
{dHALNI 00LINNOTNISA AV T XILEIM ~emne
- 0009
- 0009
- 0000}
| . - 0002}
- — 000v4
¢l O11

PRODUCTION RATE OIL [STB/DAY]

RECTIFIED SHEET (RULE 91)



PCT/US2013/059987

WO 2015/038163

SAYQ IALVINAIND
0009 000S 000 000¢ 0002 0003 4
] i 1 L ) ) I c
{ - 0002
(|
(i H
-t ol -{:F,-----:--:--:. - 000b
— llllllllll - -ll A Ay Sy 4w
[]
—‘l"',
:
~——- ... — oooo
] ]
rl_ f
e —— e, ey L
= \ 1. —t , Lo ~ 0008
f../l ~ /nn.\lll.l."il \llll—vl..r— ..-.m. "-t(ll—
LN , (. - 00001
1
—rll'
LI -~ 0002}
L * : : : — — : 800%1
Bagn-00 011, INWOQN3Sd — — — Baypa-8197aINLINNOQNZSd ~— = ~~—
BAYTATLINGANIS -+ v e rvere s {dHAINI QELLINWOGNISA AV X3LSIM ~ — — — ~

(421N} OELLINNOANISE AYTL XIUSIM = =~ ~ ~—
{dU3 LN 221 LINNOANISd AYTE X2LSaM
{dHIING 28 LTNNOANISE AV L XALSIM —— ~ —
00LININCANISE AV X3LSIM — - - —

{dIUND ELIINWOANIS AVY XIULSIM ~ ~ — — ~
{QU3LNI VZLLINNOANISd AV TX3183M ~~~=~—~~~
{aLs} 2L L INWOGNISA AV XILSIM ~===m=m=n
{QU3INI 00LTINWOANISd AVIE X3LSIM

PRODUCTION RATE OIL [STB/DAY]

RECTIFIED SHEET (RULE 91)



WO 2015/038163 PCT/US2013/059987

13/13
1432
\ 1;00
14{ 2 510 1j02
1430 | DISPLAY | | o rssor | | MeMoRY |
! MODULE ORY |
- COMMUNICATION 7 3 i
COMMUNICATIONS INTERFACE :
NETWORK ‘ 3
1408 ) 4
INPUT/ SECONDARY STORAGE |
ouTPUT | :
INTERFACE | { | 1420 | | 1422
’
2 1406 ‘\
1434 1404
FI1G. 14

RECTIFIED SHEET (RULE 91)



