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A B C D F H I J K
1
2 COMPOSITION
3
4 Basis: 1 1b
5 COMPONENT MW I Weight % Moles Mole Fraction
7 1b/1bmole
8
9 WATER 18 98.65  0.054806 0.995365346
10
11 POLYMER 8000 0.15 1.88E-07 3. 40533E-06
12
13 SURFACTANT 400 0.2 0.000005 9. 08088E-05
14
15 ALKALINE 40 1 0.00025  0.00454044
16
17 0. 055061
18
19
20
21
il EMADSORPTION FEHWIFT TABLE 1EBEEEREL PERM DATA ESMBEPOLYMER DATA EAFSEINJECTION SCHEDULE

2 FTHFKIRE AR
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3 fHHEERBS (Process Wizard)

7 Builder /1 4517 Components — Process Wizard ] 7 2 171 S5 . 21752
I RA T L A5 i e R WG AR R I AR5 A 1 T A

Step 1 - Choose Process &I K

X B kP “Alkaline, surfactant, foam and/or polymer model” £, 7 4
B 2R TG AN SR S R )5 FH 2% A B HLBRAE ARG /v T, XA
B S I8 TUE A [R] B B A B A4 PRI AT AN [R] . 985 s Nexto

B | Process Wizard Step 1 - Choose Process ﬁ

This wizard will use the existing fluid mode! section for STARS and add the necessary data for the process desired to be
simulated. The user must begin this wizard with a minimum of two or three components that describe the black oil behavior of
the system.

Choose a process from the combo box below and a description will be displayed.

[Nkaljne. surfactant, foam, and/or polymer model v]

Foamy oil model

Combustion model

Asphaltene Precipitation model

and the injected surfactant needs to be present to form the ultra low interfacial tension. If the crude contains high amourts of
natural acids, a higher concentration of alkali needs to be present in the injected fluid, and the concentration of sufactant
required is lower.

Injected polymer helps to improve the mobility ratio by increasing the viscosity of the injected water. Potential for good oil
recovery in conventional alkaline floeding is higher in crudes that are viscous, napthenic, and low APl. The oil must be heawy
enough to contain the desired organic acids, but light enough to pemit some degree of mobility control during flooding. The
upper viscosity limit for alkaline floading is < 200 cp. The minimum average pemeability should be > 20 md. Sandstone is
prefemed because carbonates may contain anhydrites or gypsum which reacts to consume the alkaline chemicals. Alkaline also
reacts with clays. and the reactions are higher at elevated temperatures. Therefore, maximum temperature should be about 200
F. Akaline puts a negative change on reservair rock, which reduces polymer adsorption. i the sufactant partitions masthy in
the water phase, then the presence of alkali should reduce the surfactant adsomption. The presence of salt changes the
behavior of the sufactants in the presence of alkali in a complicated manner: Therefore, laboratory studies must be done!
Alkaline undergoes unwanted reactions with reservoir brine and rock that waste the alkaline additive. Sufactants (soaps) can
induce midng of water and il phase by lowering interfacial tensions. Residual oil saturstions are reduced based on local values
of capillany number. Surfactants can be primarily water soluble, primarity oil soluble or approxdmately equally soluble. Optimal
performance is nomally associated with equal solubility between water/oil phases.

Step 2 - Input Specific Data For ASP Models i A =765 & IXEHE
AIFER S LMAIE—IT CREW). ot (ERER. BEWIFRIEFD.
ZICCHEE TSRS LA S =i R SR A A, 723X B RA T 4555 3 T “ Alkaline,

surfactant, polymer flood (add 3 components)”. i Next.
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# | Step 2 - Input Specific Data For A.5.P. Models

Choose model

Polymer flood (add 1 components)
Nkallne surfactant flood (add 2 companents

Surfactant flood (add 1 component)

Surfactant, polymer flood (3dd 2 components)

Foam flood with gas foam model (add 4 components)
Foam flood with liquid foam model (3dd 4 components)
Foam flood with empirical foam model (F1.F2 F3.etc. add 1 component)

WA, BATHEBERY =

TR G AL, .

A

F
B Step 2 - Input Specific Data For A.5.P. Models

Choose model

Alkaline, surfactart, polymer flood (add 3 components)

Select Options
Polymer viscosity is a function of Salinity O
Polymer is adsorbed onta the resenvoir rock
Polymer resistance factor (1.0=no permeability blockage) 1
Accessible pore volume for polymer adsorption 08
Paolymer quantity decreases with time
Palymer half life (days) 81
LUse reversible partitioning of sufactant into oil |
Mumber of relative pem. sets for interpalation 4
Use adsomption for alkaline
Use adsomption for sufactant
Make surfactant adsomption dependant on alkaline weight % |
Interfacial tension is also dependant on sufactant weight %
Mumber of sufactant weight % values 2
Surfactant weight percent 51 0
Surfactant weight percent #2 02
Rock type for conversion of adsomption values (om rock to PV) Sandstone h
Rock Density, gm./cm3 265
E < Back i l Mext = ] ’ Cancel I

v Polymer viscosity is a function of Salinity, 51k X 5 & W0%5 B 1 52

BB G -

v' Polymer is adsorbed onto the reservoir rock, %&

A HIEFHE .

YOLE i ek A _E VBB

v Polymer resistance factor (1.0=no permeability blockage), 77| iR{E 1,
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Accessible pore volume for polymer adsorption, & IREMEM B AT S 4L
BRAARR, AplHIR{E 0.8,

Polymer quantity decreases with time, RAWIREIS (R FIRFE, X BEIEHHE
JEIN A REAE N — Wi AR ], Af kg e,

Polymer half life (days), S&WEx, AEHRE 81. [FE, ils
i T [F] 5 SCR G VBRI AL 5 OB T

Use reversible partioning of surfactant into oil, -&Y41585 4> 2 AH S,
RGP AEE .

Number of relative perm. sets for interpolation, T 405 P94 i #2656 %,
AEITHAE 4, XEERAZ LN AE 4 B2 mHEAT

v Use adsorption for alkaline, BsfW T, A<fsirh=% &,
v Use adsorption for surfactant, FRIVE PRI, AplhikFEF%E.
v' Make surfactant adsorption dependent on alkaline weight%, 2 % 1471 1

MR RS B A Tl ) 5 B R, AR AN R

Interfacial tension is also dependent on surfactant weight%, %5k /34 #i
TRIMEMEAI P E G IKE, AfhigsE%E.

Number of surfactant weight% values, &% 1477 A0 5 & 20K B A
e, BRI 2.

Surfactant weight percent #1, FRIHVEPEFIKI & H 2WRERISE 1AL AR
Bl IR AE 0.

Surfactant weight percent #2, FRIHEVEA I & B S IRERIEE 2 ML A
] RAE 0.2,

Rock type for conversion of adsorption values (gm rock to PV), H T FHE
Pt BRSO R Ca i oe B0 BALBRARRD, Ap i g .
Rock density, gm/cm3, A A%E, R TIFEWRMER, A0 E
2.65,
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Step 3 - Component Selection #&E#&2H %)

KBRS E M 3 Step 3, LRI = E G IRT E M H 5, A
RN 34, RN ET (Surfactant). B, (Alkaline) FIZE&4) (Polymer).
s Nexto

B Step 3 - Component Selection M

Select Options

Add new component for Surfactant
Add new component for Alkaline
Add new component for Palymer

RIERE

AR AR B e s T Ay, Bl O A7 AR SR T T
(Surfact), Al LA AT A7 AR (1410 Bk % ] VR R IS TEFI 4L 7y, ik
KT BN

A
i ' Step 3 - Component Selection ﬁ

Select Options

Add new component for Sufactant
Select exigting component for Surfactant Surfact A
Add new component for Allaline
Add new companent for Polymer

]

Step 4 - Set Rock Fluid Regions ¥ & F T#H{E KIAHES fh 2%
X— B RERBEHITHEMENENAAHE RS, AEREMETHATRA 1
ZANB L, Frllat HREE R 1 4, RAsmrRBRIAT, A Nexto

i Step 4 - Set Rock Fluid Regions =X

Select rock fluid regions to use for capilary number relative permeability interpolation.  any of the selected regions already contain
more than one set, then these sets will be deleted and replaced with a copy of the first set with the Sorw changed, plus a third set
with straight line miscible curves. Any instances of KRTEMTAE wil also be deleted.

Rock Auid Region Mumber 1
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Step 5 - Set Interfacial Tension Values ¥ B S 7K 1%

1 “ASP INPUT DATAXIsx” SCfFH “IFT TABLE” (1 S 7K J1 854 #5 DL
REOREPA] . (H2#E DURT R EE AT 80 & — 3. totn, FRAINIFT IR AN S,
HIiA 16 17, “IFT TABLE” R HE 2 18 17, XMl ZEIATHARMN 2 17
{58 8 AT B G —AT r s bR AT B, 4% “Insert Row”, XA N T ARG M
FRTE & ET Ar LRI 4 500 O F0 0.2 IS S 3 n—A47 . R, XEAFERAE—K

Al HENHEA 2 47

B Step 5 - Set Interfacial Tension Values

]

Weight % Alkaline IFT. (dyne/cm) |
1 | Sufactant wt. % =0 0 234
2 | Sufactantwt. %=0 05 5163
3 | Sufactantwt. %=0 075 4356
4 | Sufactantwt. %=0 1 3715
5 | Sufactantwt. %=0 125 2102
6 |Sufactantwt.%=0 15 3.805
7 | Sufactantwt. %=0 175 3521
5 [Sufadarin %20 2 s ]
9 |Surfactant wt. % =0.2 Cut Crl+X 017
10 | Surfactant wt. % = 0.2 Copy s 0.om
11 | Surfactart wt. % = 0.2 ) 0.005
12 | Sufactart wt. % = 0.2 Paste Chrl= 0.007
13 [Sufactart wt. %= 0.2 Insert Row Ctrl+I 0.007
14 | Surfactant wt. % = 0.2 Delete Row CtleD 0.056
15 | Surfactart wt. % = 0.2 0.097
16 | Sufactant wt. % = 0.2 Hide 0.092

Unhide

SRJEHE “IFT TABLE” &P 15 T 2 21 8ds S RS G i KRB AT, an R 18 .

ik Next.
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B " Step 5 - Set Interfacial Tension Values

| Weight % Alkalins IFT, {dyne/cm) [

1 |Sufactant wt. % =0 0 | 2267

2 | Sufactart wt. % =0 0.25 0.1613
3 | Sufactan wt. % =0 05 02721
4 | Sufactant wt. % =0 075 0.3469
5 | Sufactant wi. % =0 1 0.5288
6 | Sufactant wt. % =0 125 0.5512
7 | Sufactant wi. % =0 15 0.568

8 | Sufactant wt. % =0 175 06674
S | Sufactart wt. %= 0 2 0652

10 | Suractant wt. % = 0.2 0 0.181

11 | Sufactant wt. % = 0.2 0.25 0.0163
12 | Sufactent wt. % < 0.2 05 00113
13 | Sufactant wt. % = 0.2 0.75 D002
14 | Sufactant wt. % < 0.2 1 0.0044
15 | Sufactant wt. % = 0.2 125 0.0045
16 | Surfactant wt. % < 0.2 15 0.0061
17 | Sufactant wt. % = 0.2 175 D007
18 | Sufactant wt. % < 0.2 2 0.0025

| <Baok || News Cancel

Step 6 - Set Adsorption Values & "W it 4E
X PR ER AR B RS £ ds . e, XETELH
Tl S B8 P PR A BRI AL, S N PO PR PR 5000 0 A S 6 O S P Bl BT 4 2

100 ¢ A1 MR B R 1E

23
T

IZ oA, IR A T B 3 3 BATE 5256 5 ) B e

STARS HERL B[ AT, 32 “ASP INPUT DATAXIsx” X474 “ADSORPTION”
I B B DL SR BI AT, L. A Next.
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B Step 6 - Set Adsorption Values ﬂ
Enter porosity of laboratory surfactant adsorption sample 0.1652
Weight % Sufactant ISurfadant Adsomption, mg/(100am rock)
1|0 0

2 01 (7872

Enter porosity of laboratory alkaline adsormption sample 01632

Weight % Akaline |Alka|ine Adsorption, mg/(100am rock)
110 0

(2 01 [109:3

Enter porosity of laboratory polymer adsomption sample 0.1632

Weight % Pohymer | Polymer Adsorption, mg/(100gm rock)
110 0

2 01 [10d

< Back H Next > H Cancel

Step 7 - Set Polymer Values #& B R &Y%E
XD R BN = N SELR I SR SRR R . TR, X BRI
PR S = (AL, SREVIIREE AL B A 7 4, R TE S0 2 ep.

POLYMER VISCOSITY MODEL

MINIMUM CONC 0 £=(1n(MU) ~1n(MUw) ) / (1n (Mup) —1n (MUw) ) = (In (MU) +. 53188) /3. 933077
MAXIMUM CON 4. 51E-06 p Cp
MAX VISC 30 Cp MU In (MU) MU wt% mg/L
fl 0 0 0. 5875 -0.53188 0. 587499 0 0 0. 5875
f2 0. 147465 4. 51E-07 0.048111259 1.049287 0.02 200 1
3 0. 29493 9. 02E-07 0.628102518 1. 874051 0. 04 400 1.87
f4 0.417107 1. 35E-06 1. 108634115 3. 030217 0.06 600 3
L] 0.514308 1. 80E-06 1. 490933171 4. 441238 0.08 800 4.4
6 0.611415 2. 26E-06 1. 872862519 6. 506896 0.1 1000 6.5
7 0. 683408 2. 7T1E-06 2. 15601656 8. 636665 0.12 1200 8.6
£8 0. 755401 3. 16E-06 2.439170601 11. 46353 0. 14 1400 11.5
f9 0.827394 3.B81E-06 2.722324642 15.21565 | 0.16 1600 15
f10 0. 899387 4. 06E-06 3. 005478684 20. 19588 0.18 1800 20
fll 0.97138 4. 51E-06 3.288632725 26. 30619 0.2 2000 27
1 3.4011974 30
Shear Rate Wt % Polymer
/s
0.05 0.1 0.15
0. 6624 3 8 14
6. 624 2.5 6.5 13.2
66. 24 2.2 4.5 7.5
Composition | ADSORPTION | IFT TABLE | RELPERM DATA | POLYMER DATA | INJECTION SCHEDULE ® ‘

9
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8 “ASP INPUT DATAXIsx” X “POLYMER DATA” 3 kL ik H i 2
DU SRBIRT . #8 U122 A, a0 S AN B2 AT Ee b, e o5 o5 B A B
HEPE “Insert Row”, AN IITH. s Next.

B | Step 7 - Set Polymer Values ﬁ
Select option for velocity./shear effects on polymer viscosity Mo velocity or shear effects N
Select option for Z axis on the plot MNone ~
JW{?:; Polymer Viscosity, cp
1 [0 | 0.5875
2 |0.04 1.87
3 |0.08 4.4
4 |0.12 86
5 |0.16 15
& |0.18 20
7 |02 27

T T T L

= : : : [
« H H H
W H H H n
[ ! ! : !
& Te+1 oo [ i """""""" /e
= i i H
= H H H
@ ! !
£ s "
a ' '
— ! !
o ;

- |
= H
‘@ H H H H
8 1 ' ' ' '
] ot R REh bbb bbb -
> Z Z : Z

o t t t t
0.000 0.040 0.080 0.120 0.160 0.200
Polymer Concentration, wt%

Step 8 - Select Well, Dates, and Set Composition ¥ BEIENIKE

[ S ) B i — 20 TR L N SE BRI N 1 2N 4 IR B O . R, X AR
VR EE SRR I B A B, A B an R . Builder 2 H 3K & H 4 B0k
B> dat S R BE IR 7 E

10
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MG
p= L

preid T BN nEAE E: =il wmE ACROBAT POWERPIVOT
“E‘*"’;‘ﬂ] o e <A ==2 9 Eawms =0 - i [#=n = 5 &
s %iimv BIu-FE-S-A- % =B= == Hanemr - -9 o o |oees =0 [EETPRR #fFas  EEIR et
=wE o e o SR 5 ea o =
i) - Je
A B D E r @ H 1 il K
2 INJECTION SCHEDULE
3
4
5 Weight % 2008 11 2008 1 1.960164 2008 1 2. 098066 2008 1 2.3287949
6
7 WATER 100 98. 65 99. 85 100
8 ALKALINE 0 1 0 0
9 POLYMER 0 0.15 0.15 0
10 SURFACT 0 0.2 0 0
11
12
13
14
15 Mole Fraction 2008 11 2008 1 1.960162 2008 1 2. 098066 2008 1 2. 3287949
16
17 WATER 1 0. 995365356 0. 9999966160 1
18 |ALKALINE 0 0. 00454044 0 0
19 |POLYMER 0 0. 00000341 3. 41E-06 0
20 SURFACT 0 0. 00009081 0 0
21
22
23
24
25
26
27
. BRI NKE Composition | [RINADSORPTION | SREBK/T=IFT TABLE | fE/SECEREL PERM DATA | SE#SGEPOLYMER DATA | FEAFEINJECTION SCHEDULE ®

i H #2008 1 1.960162 1) 3 MUK E AN EFEANHWHS OF
B R A — HEAID, BEIENRIBHE . S Finishe 2k, RATE4 525 Builder
AR A, BRI 4F A ASP_fromWizard.dat.

===

-
B Step 8 - Choose Wells, Dates, and Set Injection Compositicn

Palymer injection wi 015
Surfactant injection wt¥% 02
Alkaline injection wii 1
Well Name — Sort Well/Date Display:
=) INJECTOR 2008-01-01.960162
’ ByName l ’ ByDate
Auto Select Wells:
@ Al
Producers
() Injectors
() Highlighted
[7] Match name / wildcard
Select | | Deselect

11
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4 WARMESH

A8 Builder FOEFE A R © =u B SR, (HA2IAT—
SRR XA R [ SRS RN, FEEAT T AN EE 12 2.

SRR MG % B 2B R —F, RO R M R A A — & 2 B
ff). 7E Builder #14TJF Components—Densities. 7FiX B +k | HiEMER Surfact
R, R IX LA A2 236.694, ERICATHINIAA —F, BIXAEK 61.9863.

B | Component and Phase Properties ﬁ

‘ Component definttion | K values ‘ Denstties | Liquid phase viscosities | Gas phase viscosties | Enthalpies | Ganem\l

Specify liquid phase properties on this tab. Use the button on the right to specify solid phase properties. The same property values can
be applied to both aqueous and oil phases. Or you can specify different values forthe two phases. Use the combo box in options

wcolumn to specify different phase properties. Liquid densities are required. Rest are optional Solid Phase Denstties...

ltem Options Units ‘ Water ‘ Palymer |Nkahna Surfact Dead_0Oil

Aqueous Aqueous Aqueous Aqueous Oleic
Apply data to phase(s). |Waterand oil
Density Mass density ™ Ib.ft3 F1.9863 618863 ZIEM 542473
Liquid compressibility 1/psi 3.15145e-0.. 3.15145e-0.. | 3.15145e-D... 3.15145¢-0... 8.32e-006
st thermal expansion.. 1/F 0.000184146 0.000184146 | 0.000184746 0.000184146 0.000486585
2nd themal expansio... 14FF)
Pressure-temperature 14psi*F)

Gasdike liquid density option Nondinear density mixing option

| Update gas density cortinuously as opposed to
beginning of each time step

Specy. Specify...

0K l l — Acply Help

SRIG, B IMEH A T RE I Bl — 2 3, Ldn SLT 381 Krog i KA 5
SWT &1 Kro e KMER R —8? A —8Uis, = EHE,

P A AR N Hd & 5 1@, £ Builder 1377 Rock-Fluid —
Adsorption Components. EFEAF P53, 75l 2 i R P & Ak W P & DA
Fr] B ALBRAR R FRARBE IR T2 B E . MA G ER S B .

12
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[ [ Component Adsorption |i|1
Adsorption Component: | | Palymer '] E ’ Change Adsorption Options ]
Composition dependence will be taken from phase: [wﬂa ({@queous) phase ']

Isothermal adsorption table

Mole Fraction | Adsorbed moles per unit pore volume | Comment
| IbmoleAt3

110 o

2 |2254749671e-006 1096616788005

Resistance factor applied to phase (ADSPHBLK): [waa {agueous) phase -
Rock Dependant Parameters: Adsorption Rock Type:

Maximum adsorption capacity (ADMAXT) 1.09662e-005 lbmoleft3
Residual adsorption level (ADRT) 2. 74154e-007 Ibmole/ft3
Accessible pore volume (PORFT) 0.8
Accessible resistance factor (RRFT)

(2] S B | R
I e K 5 A O D52 R 75 0
ISR R AL AR 5 BN SRR LAY, BT LA — F S
il AR dat 3P DA E T 3 AS B0 it

r
Simulation Results File Writing =5
Simulation resutt file name will consist of root name of the input file plus irf extension
’ View/Edit TNEXT Dates l
Frequency of Simulation Results File writing - When to write (WSRF)
Date/Time Information ‘ Writing Frequency | Value |
Initial Wel Specifed frequency A K
Initial Grid Specifed frequency h
Initial Sector Every TIME or DATE keywonrds (TIME) ~
ltems in Simulation Results File - What to write (QUTSRF)
Date/Time Information ‘ Variables selection | |
Initial Grid Select grid vaniables h Select
Initial Well Values in mass and volume units (MASS) ~
Initial Well Values for all components {COMPOMENT ALLY ~
Initial Well Mo values for layers (LAYER NONE) ~
White floating point data to SR2 files in DOUBLE ~  precision (SR2PREC)
rieRE e O
Comments for
4 ¢
T =" .

BE AL FRATTFE 3G I — T o, A R KR S A R E . s 10
Control — Simulation Results Output..., {E#H T St T s, &8

13
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(/
Special, W1~ EFR,
Simulation Results File Writing [
Simulation result file name will consist of root name of the input file plus if extension
’ View/Edit TNEXT Dates l
Frequency of Simulation Results File writing - When to write (WSRF)
Date/Time Information |Wrihng Frequency ‘Value |
Initial Well Specifed frequency MK
Initial Grid Specifed frequency A
Initial Sector Every TIME or DATE keywords (TIME} A
ltems in Simulation Results File - What to wrj Select New Date And Type | %
Date/Tim Infomatio | gy ation sart date: 2008-01-01 ]
Initial Grid V[ Seleat
Initial Wl Date/Time: 2008-01-01 (140} - New Date/Tims... vI
Initial Well h
Initial Well I [Speqal v] I ]
Mote: {1/0) after the datetime string indicates there are 140 control keywords on
these dates.
Wiite floating point data to SR2files in l OK ] l Cancel
DYNAGRID writing frequency 0
Comments for OUTSRF at Initial
4 »
l oK ] l — ] [ Help I

#iili OK J&, Special HBLESRIEHS . S8 )5 Al Special 4% ) Select #%4
e SR N BT I E . N5 OK, &JER1E, AT

r 1
Simulation Results File Writing =
Simulation resutt file name will consist of root name of the input file plus if extension
’ View/Edit TNEXT Dates ]

Frequency of Simulstion Results File writing - When to write (WSRF)
Date/Time Information |Wnt|ng Frequency |Value |
Initial Well Specifed frequency A F
Intial Gid Specied frequency N
Initial Sector Every TIME or DATE keywords (TIME) A

ltems in Simulation Results File - What to write {OUTSRF)
Date./Time: Information | Varables selection | |
Initial Grid Select gid variables hl Select
Initial Well Values in mass and volume units (MASS) N
Initial Well Values for all components (COMPONENT ALL) A
Initial Well No values for layers {LAYER NOME} ~
Initial Special Select

Write floating point data to SR2 files in DOUBLE ~  precision (SR2PREC)
DYNAGRID writing frequency 0
Commerts for OUTSRF at Initial
] *
ok | [ Comed | [ beb
h

14



5 60 1: FAUTF AL T STARS =725 4 Yl gﬁﬂléi

" Select/Modify Special Variables EEEIEN

Insert

Special Variable Name Unit SRF Variable Block Address ‘ Component |
[] BLOCKVAR

[ MAXVAR

[ miNvaR

[ AvavAR

ecial Vaiable Nam }wn }r o !w-—
MASSFRAC PRODLCER ~ Hcalne [WATER -] |
MOLEFRAC
WOLFRAC
MATBAL

oode|

Special Vanable Name Well 1 Well 2/Quartity/UBA Quantty/Option | Component
[] osR
] sor
] wWOR
] GorR

[T

5 RULREE

O Y irf OS] Results Graph HHIT T, dsiniiZk, 7£ Origin Type
Hri%$E Special, s OK, FirH 7= R B B/ 70 Bl 26 . F P i ] DAARYE 75

T LA SHo T EE, A ——
rA Results Graph - Add Curves uw

Mass Fraction: MASSFRAC Alkaline W PRODUCER vs. Time

File: Origin Type:

asp_fromwizard iff - ] [Special Histary -
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