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Welcome to EORgui
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B RecentFiles +| 2 1 0| = ©

Title |Siaughter DOE Example

[—
Thickness
Composition |High % C1-C7 ]

-
i
Qil Saturation, fraction

[Summery Scocring B

-
et
Permesbiliy (mD] 8|

Gas

Nitrogen
100

Combustion Hydrocarbon

Carbon Dioxide

Steam

Immiscible

Micellar / polymer, ASP, alkaline

€02 Miscible Flood

Polymer

‘Chemical Flood

)

Crteria Fit

Nitrogen
Hydrosarbon
Carbon Dicxide
Immiscible

Erhanced Waterooing Method) " otie
= ==y Percentage Fitto Criteria, and
CriteriaFi|  Relative Ranking of Criteria Fit
Polymer [50% [4]
SP/ASP [57% [3]

—|Thermal - Mechanical Methods |—

Steam |42% [7]

Combustion [43% [6]

|

Calculate Close

In-Situ Combustion

Steamflood

Infill Drilling

O

EORgui is a Graphical User Interface for the United States of America, Department of Energy,
National Energy Technology Laboratory, Publicly Available EOR Software.

Through the use of this application, the user can quickly screen oil fields and quantify
incremental production for potentially applicable EOR techniques.

This graphical user interface (GUI) application :

e Quickly screen and rank appropriate EOR methods for a given set of summary resenoir and

fluid properties.

e Prepares the input files required for the technical analysis portions of the publicly available
fortran applications. Namely, the GUI does not prepare the input required to calculate the
economic analysis that is also available within these publicly available software.

¢ The GUI runs the fortran applications and imports the results back into the application.

e The results are input into convenient data tables for export into other applications (eg.
Microsoft Excel), and also plotted in high output quality charts for use with other
applications (eg. Microsoft Powerpoint).

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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License.dat File
The "License.dat" file is located in the Application Startup folder (eg C:\Program Files\Petroleum
Solutions\Waterdrive\)

The contents of this ASCII license file needs to contain the following license information.

[License Settings]
LicensedTO =
Company =
ProductID =
LicenselD =

If any of the abowe License key information is incorrect or absent, or if the License.dat file is missing
then the application will fail to startup.

NET Framework
The Profile application requires the presence or installation of Microsoft .Net Framework version 2.

.NET Framework version 2 is a component of the Microsoft Windows® operating system used to build
and run Windows-based applications.

Should .NET Framework version 2 not be installed on the destination PC then a link is provided below to
download this system software. The user should download and install .NET Framework version 2 before
attempting to install Waterdrive.

%7 http://www.petroleumsolutions.co.uk/downloads.html

The installation of .Net Framework also requires a minimum software and hardware requirement. Details
of which are shown below. Specifically, note that you cannot install the .NET Framework on a computer
running the Microsoft Windows 95 operating system.

Minimum requirements
To install .NET Framework [Dotnetfx2.exe], you must have one of the following operating systems, with
Microsoft Internet Explorer 5.01 or later installed on your computer:

Microsoft® Windows® 98

Microsoft® Windows® 98 Second Edition

Microsoft® Windows® Millennium Edition (Windows Me)

Microsoft® Windows NT® 4 (Workstation or Sener) with Senice Pack 6a

Microsoft® Windows® 2000 (Professional, Server, or Advanced Server) with the latest Windows
senice pack and critical updates available from the Microsoft Security Web site (www.microsoft.
com/security).

o  Microsoft® Windows® XP (Home or Professional)

Recommended hardware

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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CPU Recommended RAM Recommended
Pentium 90 MHz or faster 96 MB or higher
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EORgui Sections

Quick Screening

This routine is based on the 1996 Society of Petroleum Engineers Paper entitled "EOR Screening
Criteria Revisited" by Taber, Martin, and Seright. Contained within this paper are concise screening
guidelines for various EOR techniques, all of which are listed in the table provided in the Detail tab, as
shown in the third figure below.

€ EOR Methods Quick Screening [Slaughter Example.EOR] [ ][] =]
H RecertFiles ~| = | @ | =| @ ‘

Title | Slaughter DOE Example |

AP| Gravity Formation |Sandstone |Z| Depth [feet]
Oil viscesity [<F Thickness [< 20 ] Temperature [deg F]
Oil Saturation, fraction Compesition |High % C1-C7 -] Permeability [nD] [§ |
Summary Screening | Detail
| Gas Injection Methods | ——

Mitrogen l:l
Combustion . Hydrecarbon Hydrocarbon l:l
Carbon Dicxide | |
mmiscible ||
\ —{ Enhanced Waterflooding Methods |—
Steam Y Carbon Dicxide
Paolymer l:l

serase [ ]
—| Thermal - Mechanical Methods |—
Falymer “*---.,_M_ﬂ Immiscible
.H.-'“"n._. Steam l:l
Micellar / polymer, ASP, alkaline Combustion l:l

| Calculate | | Close |

Once the user has input all the necessary data, then press the Calculate button to calculate the relative
Criteria fit to the input data.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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@ EOR Methods Quick Screening [Slaughter Example EOR]

L= fE =]

B RecentFiles ~| & i 0| = @

Title | Slaughter DOE Example

Oty 7
Qil Saturation, fraction

_|Sumrr|ﬂ')r54:ree|ing [ Detail|

Formation |Sandstone

Composition |High % C1LC7

E & &

-
Temperature [deg F]
Permesbility[mD] [6 |

Nitrogen

100

Combustion

Steam

Falymer

Micellar / polymer, ASP, alkaline

Carbon Dioxide

| Gas Injection Methods

T

Criteria Fit

Nitrogen |40% [8]
Hydrocarbon
Carbon Dicxide |44% [5]

I
ZlE|E

Immiscible

—| Enhanced \Waterflooding Methods

J 1

Criteria Fit

Polymer (50% [4]

SP/ASP |57% [3]

——| Thermal - Mechanical Methods

T

Criteria Fit
Steam |42% [7]
Combustion |43% [6]

Close

The results are shown in both summary chart and a colour coded results table.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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2.2

£ EOR Methods Quick Screening [Slaughter Example.EOR] =N E=R==|
B RecentFiles » 2 o O =l | @ |

Title |Siaughter DOE Example |

API Gravity Formation |Sandstone - Depth [fe=t] 5000
Oil viscosity [cF] Thickness [< 201 - Temperature [deg F]
Oil Saturation, fraction Composition |High % C1-C7 - Permeability (D] [6 |
Summary Screening | Detail
- S Miscellar/palymer,
c Nitrogen and Carbon Immiscible = Polymer 2
Properties I Hydrocarbon Thers T ASF'.ﬂa;ljd?r!:allne flooding Combustion Steam
Qil >23 »>22
AP Gravity Ayerage 41 Average 36 Average 35
ail <3
Viscosity (cp) Average 0.5 Average 15
. o - - Some asphaltic -
Composition High % C2-C7  High % C5-C12 Mot critical - Mot critical components Mot critical

Oil > 40 >30 >20 =35 >35
Saturation (%PV) HMyerage 75 HAyerage 80 HMwverage 55 Awverage 70 Hfwrerage 53 Average 66
Formation Sandstone or Sandstone or Sandstone or Not critical High porosity High porosity
Type Carbonate Carbonate Carbonate critica sandstone sandstone
Net N

Mot critical Mot critical =10 feet = 20 feet
Average

< 5000 < 11500
o [ -
Temperature (deg F) Mot critical Mot critical Mot critical Mot critical < 200 _ =100 Mot critical

Calculate Clase

In the example provided above, the most appropriate EOR methods appear to be immiscible gas
injection, followed by perhaps CO2 injection.

The colouring scheme is simply based on the degree in which the criteria is met or not. Namely, if a cell
is coloured red then this criteria is not met, whereas if a cell is coloured light green then the criteria is
just met, whereas if the cell is coloured dark green then the criteria is well met.

References:
Taber, J., Martin, D., Seright, R.,"EOR Screening Criteria Revisited", SPE 35385, 1996.

Taber, J., Martin, D., Seright, R.,"EOR Screening Criteria Revisited - Part 2: Applications and Impact of
Oil Prices", SPE 39234, 1997.

CO2 Miscible Flooding Predictive Model

The CO2 flooding process consists of injecting large quantities of CO2 into the reservoir. Although CO2,
is not first-contact miscible with the crude oil, the CO2 extracts the light-to-intermediate components
from the oil, and, if the pressure is high enough, develops miscibility to displace the crude oil from the
resenoir. Immiscible displacements are less effective, but they recover oil better than waterflooding.

CO2 recowers oil by swelling the crude oil, lowering the viscosity of the oil and lowering the interfacial
tension between the oil and the CO2 phase in the near miscible region.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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The following description is taken from the US Department of Energy CO2 Predictive Model (CO2PM)

documentation.

"The CO2PM is a three-dimensional (layered, five-spot), two-phase (aqueous and oleic), three
component (oil, water, and C02) model. It computes oil and C02 breakthrough and recovery from
fractional theory modified for the effects of viscous fingering, areal sweep, vertical heterogeneity and
gravity segregation. One-dimensional fractional flow theory is applied to first-contact miscible
displacements in the presence of a second immiscible phase. The theory is based on a specialized
version of the method of characteristics known as coherence or simple wave theory. The theory
incorporates the Koval (1963) factor method to account for unstable miscible displacements (fingering).
An extension of the Koval approach is used to model the influence of gravity segregation. Reservoir
heterogeneity is accounted for by allowing up to five layers in the model, with permeabilities computed
from a user-specified Dyk stra-Parsons (1950) coefficient. The fractional flow theory with gravity and
heterogeneity dependence is corrected for areal sweep with a generalization of Claridge's (1972)
procedure to first-contact miscible floods of arbitrary WAG ratios and arbitrary initial conditions."

@‘m B EORgui - Enhanced Qil Recovery Screening Software [=[=] = ]
Applications “ | © co2 Miscible Flood Predictive Model [US DOE CO2 Example SLAUGHTER.C02] (= =]==]
Quick Screen B Recentils ~ 5 @ O || @ ‘
€02 Miscible Flood
€02 Miscible Flood Tite [SLAUGHTER |
Type of Recovery Caleulation | 3D caleulstions (2-0-+graviy.recommended for sereening) 5]
Help Documentation Reservoir C: Qutput \1-D summary and 2-D(or 2-0) pattern production and injection schedule for total layers E||
Solubility of CO2in Water |CO2 solubility in water not =]
|Reserveir and Flid Dotaniection and Producti |Resui)
Reservoir Depth fi] e ]
Pattern Area o e e B [
Porasity [fraction] Number of Layers
Permeability (mD] 6| || Dykstra-Parsons WithinLayers
Met Pay Thickness [f] Koval Factor within Layers [0 |
kelkh Ratic Gas Graviy
Dykstra-Parsans Coefficient Solution GOR [scfistt]
Qil API Gravity 0il FVF. Bo [rbistt]
Endpoirt kro at Swe COzRVFBMscl[D |
Endpcint krw at Sor Viater FVF. Bw [rbistt]
Govey Exponentfor Gil Water Salinity [ppm]
G B e e Oilviscosityl 2|
Ers F €02 viscusity [cPl
Sor_fraction Waterviscosity (o] e
Polymer
Chemical Flood
In-Situ Combustion
Steamflood
Inill Drilling
O al

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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@ C02 Miscible Flood Predictive Model [US DOE CO2 Example SLAUGHTER.CO2]

===
B RecentFiles | & | 0| & © |
Title |SLAUGHTER |
Type of Recovery Calculation

3-D calculations (2-0 +gravity, recommended for screening)

Reservoir Calculations Output | 1-D summary and 3-Dior 2-0) pattern preduction and injection schedule for total layers |Z|
Solubility of CO2in Water |CO2 selubility in water not accounted for |Z|
|Reservoirand Fluid Data | Injection and Production Controls | Results|
| Prediction Timeframe |
Start Date Reporting Freguency ' ‘
Monthly &E
Semi-Annually

e . } - Annuzlly
Initial ail cut at the start of CO2 floeding [fraction] |0.12 Raw Calculated Data
Time increment for recovery calculations [year] |0.5

Concentration increment used for fractional flow calculations [fraction]

Total luid injection rate [rbiday] | Calculate Default

WAG ratio for CO2injection |1.00

¥

Total hydrocarben pore volumes of CO2 and water injected during WAG
Total pore volumes of wag and chase water injected l:l

| Clearal |

Reset Defaults

| Calculate | | Close |

Once the user has pressed the Calculate button, the results data will be re-imported back into the
application and displayed as shown in the following three screen captures below.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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€3 CO2 Miscible Flood Predictive Model [US DOE CO2 Example SLAUGHTER.COZ] ===
H RecertFiles ~ |5 | 3 | = | © |

Title |SLAUGHTER |

Type of Recovery Calculation | 3-D calculations (2-D +gravity, recommended for screening) -
Reservoir Calculations Output | 1-D summary and 3-Dior 2-0) pattern preduction and injection schedule for total layers -
Solubility of CO2in Water |CO2 selubility in water not accounted for -

Reszervoir and Fluid Data||Injection and Production Controls | Results
Main Results | Profiles | Charts

1 -
INFUT DECK ECHO (i
1 SLAUGHTER
z 3,3 0,0
3 2o000, 105, 0.113, 77.5, 40, &, 5000
4 0.01, 0000, 1.22, 600, 1, O, 3%, 0.3
5 0.13, 0.5, 0.001, 3%0, 1, 1.5, 4
& 0.8, 2, 0.074, 0.48, 0, 0.48, 3
7 .55, 1.78, 1, 0.34, 0.08, 0.31
8 END
1
e e e e oo e e e e o ok o
“ “
#  C02/MISCIBLE FLOOD PREDICTIVE MCDEL
* (COZEM - RELEASE 4.1.0) *
* (MRY, 1986) *

e e el o o e o e e o e e

SLAUGHTER
0Co2 WISCOSITY, CP

= 100.0 150.0 200.0 250.0 300.0

0.0100 0.0100 0.0100 0.0100 0.0100
1000.0 0.0270 0.0170 0.0170 0.0170 0.0170
2000.0 0.0850 0.0350 0.0270 O0.0250 0.0Z30
3000.0 0.0820 0.0580 0.0410 0.0340 0.0270 Al

Calculate Close

The user can copy the data from the data tables to the Windows clipboard for use with other
applications, such as Microsoft Excel. To display the context menu shown below, simply single right-
mouse-click while over the data table.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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€3 CO2 Miscible Flood Predictive Model [US DOE CO2 Example SLAUGHTER.COZ] ===
B RecertFiles +| 5 d 0| @ |
Title |SLAUGHTER |
Type of Recovery Calculation |3-D calculations (2-0 + gravity, recommended for screening) |Z|
Reservoir Calculations Output | 1-D summary and 3-Dior 2-0) pattern preduction and injection schedule for total layers |Z|
Solubility of CO2in Water |COZ2 solubility in water not accounted for |Z|
|Resen.rnirand Fluid Data|||njec1ion and Production Centrols | Results |
|Main Results | Profiles ||Charts|
Dimensionless - Cumulative Cumulative
Date Time Chiae | Wembde | GesBee | oo ail Viater
[Pore Wolume] [Mbbl] [Mbbl]
Jan-2008 ¢ 0.00 448 3354 269 0.0 139 10.4(
Feb-2008 0.01 448 3354 269 0.0 269 2012
Mar-2008 0.0 448 3354 2659 00 408 3052
Apr-2008 il A4 R 3354 %9 0.0 542 40.51
May-2008 | Copy Profiles Table | 3354 269 0.0 6.81 50.9¢
Jun-2008 A - 3354 265 0.0 215 610
Jul-2008 0. 448 3354 %5 0.0 954 T1.4:
Aug-2008 0.03 448 3354 269 0.0 10.93 81.8
Sep-2008 0.04 448 3354 269 0.0 12.28 91.5(
Oct-2008 0.04 448 3354 269 00 13.66 102.31
Neow-2008 0.05 448 3354 269 00 15.01 112.31
Dec-2008 0.05 448 3354 269 0.0 16.40 1227
Jan-2009 0.06 448 3354 269 0.0 17.79 133.1!
Feb-2009 0.06 448 3354 2659 00 19.04 142 5!
Mar-200% 0.06 43 3354 265 0.0 2043 1525
Apr-2008 0.07 43 3354 265 0.0 77 163.00
May-2009 0.07 448 3354 %5 0.0 2316 17341
Jun-2009 0.08 448 3354 269 0.0 24.51 183.4
Jul-2009 0.08 448 3354 269 0.0 25.89 193.81
Murn0ONG nna AL D 25 4 Iea nn 9770 I n T
< 1 ] 3
| Calculate | | Close |

The user can also copy the active chart to the Windows clipboard for use with other applications, such
as Microsoft Powerpoint.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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€3 CO2 Miscible Flood Predictive Model [US DOE CO2 Example SLAUGHTER.COZ] ===
H RecentFiles | 2 @l O || @ |

Title |SLAUGHTER |

Type of Recovery Calculation | 3-D calculations (2-D +gravity, recommended for screening) -

Reservoir Calculations Output | 1-D summary and 3-Dior 2-0) pattern preduction and injection schedule for total layers -

Solubility of CO2in Water |CO2 selubility in water not accounted for -
Reszervoir and Fluid Data||Injection and Production Controls | Results

Main Results||Profiles | Charts

80 0.8
D Copy Chart to Clipboard
1 (] = | Save Chart to File

60 =0 - |06
- (9]
o M =
= B [ E
. M =
= L - =
5 a0 T e Los ©
J: ral T
= p’ 2
o 5 5
A g

204 ‘.’ ny.

L
”
LA
]
_,f
n l’ n
Jan-2018 Jan-2025 Jan-2034 Jan-2043 Jan-2052
[ Rate = Cumulative
Select Chart to Display |Oil Production -

Calculate Close

2.3 Chemical Flood Predictive Model

All chemical flooding methods recover oil by lowering the interfacial tension between the oil and water,
solubization of il in some micellar systems and mobility enhancement.

Limitations

e An areal sweep of more than 50% on waterflood is desired.

Relatively homogeneous formation is preferred.

e High amounts of anhydrite, gypsum, or clays are undesirable.

Available systems provide optimum behavior over a narrow set of conditions.

With commercially available surfactants, formation water chlorides should be <20,000 pprn and
divalent ions (Ca** and Mg*™*) <500 ppm.

Problems

e Complex and expensive systems.

e Possibility of chromatographic separation of chemicals in resenoir.
High adsorption of surfactant.

¢ Interactions between surfactant and polymer.

Degradation of chemicals at high temperature.

The following description is taken from the US Department of Energy Chemical Flooding Predictive
Model (CFPM) documentation.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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"The CFPM models micellar (surfactant)-polymer (MP) floods in reservoirs which have been previously
waterflooded to residual oil saturation. Thus, only true tertiary floods are considered. An option is
available in the model which allows a rough estimate of oil recovery by caustic (alkaline) or caustic-
polymer processes.

The CFPM uses theory and the results of numerical simulation to predict MP oil recovery in five-spot
patterns. Oil-bank and surfactant breakthrough and project life are determined from fractional flow
theory. A Koval-type factor, based on the Dykstra-Parsons (1950) coefficient, is used to account for the
effects of reservoir heterogeneity on surfactant and oil bank velocities. The overall oil recovery efficiency
is the product of the efficiencies for 1-D displacement, vertical sweep of surfactant, and polymer sweep.
The displacement efficiency is determined from the capillary number, which is in turn a function of
permeability, depth and well spacing. Correlations derived from the results of numerical simulation are
used to express vertical sweep efficiency as a function of surfactant slug size, surfactant adsorption and
reservoir heterogeneity. The polymer sweep efficiency is an empirical factor developed from numerical
simulation and is a function of the polymer slug size and the vertical sweep efficiency. The overall
recovery efficiency is corrected for the effects of crossflow by a formula, again developed from the
results of numerical simulation, which depends on the ratio of vertical to horizontal permeability."

) Chemical Flood Predictive Model [DOE Example CMFL.cml] =] = |3
B RecentFiles ~| D il B || © ‘
Title |POE BASE CASE CFPM |
Type of Chemical Flood |Micellar-Polymer -
NPC Medifications Switch |Original Medel - Recommended For High-\Water-Content And Low Viscosity Seluble-0il Slugs -
Lithalogy |Sandstone -
Reservoir and Fluid Data || Field and Injection Data || Results
_ (Reuedaa) (Gpional Dafa
Reservoir Depth [ft] Reservoir Pressure [psial
Pattern Area Acres v Reservoir Temperature [deg F]
AP| Gravity Gas Gravity
Porasity [fraction] Solution GOR [scfisth]
Permesbility [mD] Initial il FVF, Boi [rb/sth]
Net Pay Thickness [f] Final Oil FVF, Borbistb]
kevlkh Ratio Final \Water FVF. Bw [rbistt]
Dhykstra-Parsons Coefficient Oilviscosity [cF
Endpoint kro at Swe wiater viscosity [cF]
Endpoint krw at Sor \nfater Salinity [ppm]
Corey Exponent for Oil
Corey Exponent for Water Clear All
Swe, fraction Calculate
Sor, fraction Opticnal Data
Calculate Close

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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) Chemical Flood Predictive Model [DOE Example CMFL.cml] =] = |3
B RecentFiles «| (3 [ O || © ‘

Title | DOE BASE CASE CFFM |

Type of Chemical Flood |Mioellar—PolyrrH |Z||
NPC Modifications Switch |0rigina| Medel - Recommended For High-\Water-Content And Low Viscosity Seluble-0il Slugs |Z||
Lithlogy |Sandstone B
Reservoirand Fluid Data | Field and Injection Dan|[Ragmts|
| Prediction Timeframe |
Start Date Reporting Frequency &
L Manthly
— [Renquired Data | Semi-Annually
= Annually
STOOIP [MMsth] |795.191 User Surfactant Retent. 2w Calculated Data

Cumulative Oil [MMstb] Vieight Fraction Clay
Bottom \wiater [fraction] l:l Rock Grain Density [g/ml]
Gas Caplfraction] [0 | Surfactant Slug Density o/mi]
Surfactant Concentration [fraction]
Surfactant Slug Size

Polymer PV Injected [fraction]
User Displacement Efficiency ,—l

Steady State Pattern Rate rbid] | Caoas |
Injectivity Coefficient, psift (0.3
| Reset Defauits |[ Clearsl |
[ Calculate | [ Close |

Once the user has pressed the Calculate button, the results data will be re-imported back into the
application and displayed as shown in the following three screen captures below.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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@ Chemical Flood Predictive Model [DOE Example CMFL.eml]

f= e ==

E RecentFiles = 0 (o O | =l | @

Title |DOE BASE CASE CFPM

Type of Chemical Flood |Micellar-Polymer
NPC Modifications Switch |Original Model - Recommended For
Lithalogy |Sandstone

Rezervoirand Fluid Data ||Field and Injection Data || Results
Main Results | Profiles |Charts

High-Water-Content And Low Viscosity Soluble-0il Slugs -

1
INFUT DECK ECHO
1 DOE BASE CASE CFEM
z 0, 0,0,0
3 12z, 1220, 80000, 800000, 1270.7
4 795.131, 275.5, 0, 0, 353
§ 1.2, 1.08, 1, 3, 0.6, 39, 0.8
& 0.1, 75, 53, 0.63, 0, 0.1, 0.1
7 z.88, 1, 0.05, 1.3, O
& 0.29, 0.38, 0.8, 0.2, 2, 2
9 2900, 20, 540.04, 0.3, 0.65
10 END
CASE CONTROLS
ECONOMIC ANALYSIS CONTROL .. ......... 0
CAUSTIC CFTION (ON IF .GE. 1 ) 0
NEC OIL RECOVERY OPTION(ON IF .E 0
LITHOLOGY (1=58, Z=CARBONATE) ....... o
FORMATION PROPERITIES
FORMATION DEBTH .. ... ... ... ........ 2300.0
FORMATION TEMPERATURE .. ............. 122.0
MAX SCREEN TEMPERATURE . ... ......... 1220.0
FORMATION SALINITY .. ... .. ........... 50000.0
MAX SCREEN SALINITY .. .............. 800000.0
ORIGINAL OIL IN PLACE ............... 795.151

»

m

IECON
ICRUST
HEC
ILIT

FEET
DEG.F

DEG.F

DEM TDS

EEM TDS

MMSTE il

Close

The user can copy the data from the data tables to the Windows clipboard for use with other
applications, such as Microsoft Excel. To display the context menu shown below, simply single right-

mouse-click while over the data table.

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved
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) Chemical Flood Predictive Model [DOE Example CMFL.cml] =] = |3
B RecentFiles | 5 [ O | = @ ‘
Title | DOE BASE CASE CFFM |
Type of Chemical Flood |Mioellar- Palymer |Z||
NPC Medifications Switch |Origina| Medel - Recommended For High-\Water-Content And Low Viscosity Soluble-Oil Slugs |Z||
Lithalogy |Sandstnne |Z||
|F~'.eservoirand Fluid Data"FieId and Injection Data||H'emlls|
|Main Results | Profiles ||Charts|
- Cumulative Cumulative Cumulative i
Date Ceta | el | e oil Gas Vister WOR | Wa
[Mbbl] [MMscf] [Mbbl]
Jan-2008 ¢ 0o 0o 180.0 0.00 0.00 558 |
Feb-2008 0o 0o 360.0 0.00 0.00 16.02 3
Mar-2008 o o 540.0 0.00 0.00 3276
Apr-2008 /A Copy Profiles R 530.6 027 0.1 4363 59.40
May-2008 179 lgT T 5413 082 033 6484 2918
Jun-2008 6.8 107 5119 163 065 8020 1910
Jul-2008 452 181 4925 303 1.1 9546 10.89
Aug-2008 637 254 4732 500 2.00 11013 743
Sep-2008 221 328 4538 746 258 12375 Bh3
Oct-2008 9.3 384 4389 1045 417 137.35 456
Meov-2008 1104 441 4241 1376 550 150.07 38
Dec-2008 1246 497 409.2 17.62 7.04 162.76 328
Jan-2009 1227 45.0 4112 2143 855 175.51 335
Feb-2009 1205 482 4131 2481 990 187.07 342
Mar-2009 113.0 475 4151 2850 1138 19994 349
Apr-2009 171 467 4171 3202 1278 246 3156
May-2003 1152 46.0 419.1 35.59 1420 22545 364
Jun-2009 1133 452 441 3399 1556 23308 i
Jul-2009 1114 445 4231 4244 16.94 25120 380
Aug-2009 1096 437 4250 4584 1829 26437 KX i
5 | e 2sm inn | i inm anrn P . .
| Calculate | | Close |

The user can also copy the active chart to the Windows clipboard for use with other applications, such
as Microsoft Powerpoint.
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) Chemical Flood Predictive Model [DOE Example CMFL.cml] =] = |3
‘ﬂ RecentFiles »| (3 [l O | =l @ ‘
Title |DOE BASE CASE CFPM
Type of Chemical Flood |Micellar-Polymer -
NPC Medifications Switch |Original Medel - Recommended For High-\Water-Content And Low Viscosity Seluble-0il Slugs -
Lithalogy |Sandstone =
Rezervoirand Fluid Data ||Field and Injection Data || Results
Main Results||Profiles||Charts
120 —0.16
|j Copy Chart to Clipboard L 014
100
[H SaveChart to File
-0.12
a0 =
= - 01 3
o o =
5 7 H
2 80 i 008 O
= / =
i d o 2
- // g
204 4
/ - 0.02
A : : Clo
Jan-2008 Jan-2010 Jan-2012 Jan-2014
[ Rate = Cumulative
Select Chartto Display |0l Production -
Calculate Close
2.4 Polymer Predictive Model

The intent with polymer flooding is to provide better displacement and volumetric sweep efficiencies
during a waterflood. This process improves recovery by increasing the viscosity of water, decreasing the
mobility of water and contacting a larger volume of the resenvir.

The following description is taken from the US Department of Energy Polymer Flooding Predictive Model
(PFPM) documentation.

"The PFPM is switch-selectable for either polymer or water-flooding, and an option in the model allows
the calculation of the incremental oil recovery and economics of polymer relative to waterflooding. The
PFPM is a three-dimensional (stratified, five-spot), two-phase (water and oil) model which computes
water front breakthrough and oil recovery using fractional flow theory, and models areal and vertical
sweeps using a streamtube approach. A correlation based on numerical simulation results is used to
model the polymer slug size effect. The physical properties of polymer fluids, such as adsorption,
permeability reduction, and non-Newtonian effects, are included in the model. Pressure drop between
the injector and producer is kept constant, and the injectivity at each time step is calculated based on
the mobility in each streamtube. Heterogeneity is accounted for by either entering detailed layer data or
using the Dykstra-Parsons coefficient for a reservoir with a log-normal permeability distribution."
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B RecentFiles ~| 5 ol 0| =] ©

Title | DOE Polymer Example

Type of Recovery Calculation |Polyrner Flood Less Waterflood = Incremental

Reservoir Calculations Output |0thput Formation and Fluid Properties, and Pattern Inj/Prod Reports

Aresl Sweep Caloulstion | Eight Streamtubes used in each Layer

Lithclogy |Sandstone

|Reservoir and Fluid Data [Polymer and Layer Data [Results|

— (FequedDmm) (Opfionsl Daia]
Reservoir Depth [fi] Reservoir Pressure [psig

Pattern Area |2f! | |Acres |Z|| Reservoir Temperature [deg F]
API Gravity Gas Gravity

Endpoint kro at Swe Solution GOR [scfists]

Endpoint krw st Sor Qil FVF. Bo [rbistb]

Corey Exponentfor Oil Water FVF, Bw [rbistt]

Caorey Exponent for Water Qil viscosity [cF

Swic, fraction \nfater vizcosity [cF]

Sor, fraction Injesctivity Cosfiicient, psift ClearAll |

\wellbore Radius. ft |0.5 Caloula*g
Injection Rate Override, rb/day l:l Optional Data

Fr— L}J [

Close
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@ Palymer Predictive Model [Polymer DOE Example.pfm] IEI@
B RecentFiles ~| 5 ol 0| =] © ‘

Title |DOE Polymer Example |

Type of Recovery Calculation |Polyrner Flood Less Waterflood = Incremental |Z||
Reservoir Calculations Output |0Lﬂput Formation and Fluid Properties, and Pattern Inj/Prod Reports |Z||
Aresl Sweep Caloulstion | Eight Streamtubes used in each Layer =
Lithology | Sandstone [
_IResenmirimd Fluid Dilil"Pﬂlwmaf and Layer Data||Resmrs|
_ (equredDea) (Opfional Data]
Reservoir Depth [fi] Reservoir Pressure [psig
Pattern Area |2‘ﬂ | |MES |Z|| Reservoir Temperature [deg F]
AP Gravity Gas Gravity
Endpoint kro 3t Swic Solution GOR [scfisth]
Endpoint krw at Sor il FVF. Bo [rbistt]
Corey Exponentfor Oil Wiater FVF, Bw [rbistt]
Caorey Exponent for Water Qil viscosity [cA
Swﬁraction \nfater vizcosity [cF]
Sof Swe, fraction Injectivity Cosfiicient, psift Clear All |
Wellbore | Connate water saturation ’m
Injection Rate Override, rbiday l:l Optional Data

| caewate | | Close |

Tooltips, as shown abowe, are provided to help define some of the input data requirements. To display
these tooltips simply hover the mouse over the label box describing the input data.
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() Polymer Predictive Model [Polymer DOE Example.p =
B RecentFiles ~ 3 o 0| © \

Title | DOE Polymer Example |

Type of Recovery Calculation |Polyrner Flood Less Waterflood = Incremental |Z||
Reservoir Calculations Output |Ou1put Formation and Fluid Properties, and Pattern Inj/Prod Reports |Z||
Aresl Sweep Caloulstion | Eight Streamtubes used in each Layer =
Lithclogy |Sandstone [-]
Reservoirand Fluid Data [Polymer and Layer Data [Results|
[ Prediction Timeframe]
Start Date Reporting Frequency E|
Manthly

Semchonually '
. . . Annually -
Palymer Concentration, ppm Layer Calculation Options Raw Calculated Data ity Thickness |Z|
Polymer Viscosity, cp Dykstra-Parsons Coefficient (0.6
Resistance Factor Mumber of Layers |10 [-]
Pal Adsorption, Ib/ac-ft [100
‘olymer orption, |b/ac- Thi . : ity ity Smsrfagll
Residual Resistance Facter |1.101 Mumber I [fraction] [mD] i
Polymer Slug Size, PV (0.3 1 50 0.3 200
Max PVs To Be Injected, PV
Polymer Viscosity Power-Law Factors
Power Law Coefficient I:I
Power Law Exponent, N

Reset Defaults

| Caleate | | Close |

Once the user has pressed the Calculate button, the results data will be re-imported back into the
application and displayed as shown in the following three screen captures below.
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@ Pelymer Predictive Model [Polymer DOE Example.pfm]

(= E =)

E RecentFiles | 5 [ O || @

Title |DOE Polymer Example

Typeof Recovery Calculation | Polymer Flood Less Waterflood = Incremental
Reservoir Calculations Output |Output Fermation and Fluid Properties, and Pattern Inj/Prod Reports
Areal Sweep Calculstion |Eight Streamtubes used in each Layer
Lithclogy |Sandstone

Rezervoir and Fluid Data ||Folymer and Layer Data | Resuliz
Main Results | Profiles | Charts

EEE

1
INDUT DECE

1 DOE Polymer Example

z 0, 2, 2, 0,0

3 1.104, 1.008, 0.%, &

4 25, 123, 175, 0.7, 1000
5 0.8

& 2, 10

7 0.3, 200, 50, 0.5

8 900, 10.9, 12, 100, 1.101, 0.3, 3
3 4, 0.8

10 0.3, 0.25, 0.8, 0.2, 2, 2
11 2500, 20, 0.5, 0, 0

12 END

L e e e e e e e o e e e e

NATIONAL PETROLEUM COUNCIL
POLYMER FLOOD FREDICTION MODEL
{PFPM - RELEASE 3.1)

R P OF F
R P OF F

e e o o e ok e e e ok e o ek

DOE Polymer Example

CASE CONTROLS

Calculate

m

Clese |

The user can copy the data from the data tables to the Windows clipboard for use with other

applications, such as Microsoft Excel. To display the context menu shown below, simply single right-

mouse-click while over the data table.
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) Polymer Predictive Model [Palymer DOE Example.pfm] =] E | ]
B RecentFiles | 5 e (1| = © ‘
Title |DOE Polymer Example |
Typeof Recovery Calculation | Polymer Flood Less Waterflood = Incremental |Z|
Reservoir Calculations Output |Output Fermation and Fluid Properties, and Pattern Inj/Prod Reports El
Areal Sweep Calculation | Eight Streamtubes used in each Layer -]
Lithclogy |Sandstone |Z|
|Reservoir and Fluid Data | Polymer and Layer Data | Results |
|Main Results| Profiles | Charts |
Tatal - Cumulative Cumulative Cumulative =
Date Pare Volume C%gblﬁlg]te {?ﬁ: g—ﬁf W?Liﬁ E]a‘te Qil Gas Water
[Fraction] [Mbbl] [MMscf] [Mbbi]
LOC L0 -03 -17.0 -0.34 -0.06 -3.10
Copy ProﬁlesTtble -102 -3217 -11.13 -134 6229
" ; =171 -664.5 -28.76 -5.03 -182.55
0.16 -69.0 -121 -834.4 -41.46 -7.26 -3452%|
Jan-2010 019 -468 -83 -1043.4 -45.94 -8.75 534145
Jul-2010 0.22 -296 -52 -1168.7 -55.38 -8 -749.38
Jan-2011 0.24 -185 -34 -1257.2 -58.92 -10.33 -976.93
Jul-2011 0.27 -122 -2.1 -1332.4 -61.16 -10.72 -1222.10
Jan-2012 0.30 -79 -13 -13595.2 -62.61 -10.97 -1476.03
Jul-2012 0.32 -44 -0.7 -14455 -63.41 -11.10 -1742.73
Jan-2013 035 -14 -02 -1436.3 -63.66 -11.14 -201366
Jul-2013 0.39 15.0 33 -1454.9 -60.16 -10.52 -2288.71
Jan-2014 042 453 78 -14724 -51.96 -9.08 -258522
Jul-2014 048 533 93 -1484.6 -42.16 -1.37 -2828.39
Jan-2015 0.51 540 54 -1454.6 -32.37 -5.66 -3081.67
Jul-2015 0.55 524 91 -1444 5 -2273 -3.58 -3357.46
Jan-2016 0.60 431 85 -1444 4 -13.79 -242 -3620.33
Jul-2016 064 437 76 -1440.0 -5.76 -1.02 -3885.30 .
4 m | 3
| Calculate | | Close |

The user can also copy the active chart to the Windows clipboard for use with other applications, such
as Microsoft Powerpoint. Data tooltips can also be displayed within the chart area by howering the
mouse over a series datapoint, as shown below.
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-
@ Polymer Predictive Model [Polymer DOE Example.pfm] = ===
B RecentFiles |2 | O | = | @ ‘

Title |DOE Polymer Example |

Typeof Recovery Calculation | Polymer Flood Less Waterflood = Incremental -
Reservoir Calculations Output |Output Fermation and Fluid Properties, and Pattern Inj/Prod Reports -
Areal Sweep Calculstion |Eight Streamtubes used in each Layer -
Lithology | Sandstone -

Rezervoir and Fluid Data ||Folymer and Layer Data | Resuliz

Main Results| Profiles| Charts

100 0.06

50
S ——
Date: 01-Jan-2015

Oil Rate: 54.0 Lo
Gas Rate:94 ]’_l|_|r

Oil Production Rate

Polymer Injection Rate: 0.0

U Npad |10 ATE( W

a DDDD— Water Rate: -1454.6 g
Water Injection Rate: -1373.5 e

-B0

Cumulative Water Injection : -3278.05
-100 Cumulative Pelymer Injection : 20512 0.08
Jan-2008  Jan-2010 Jan-2012 Jan-2014 Jan-2022
Qil Recovery Factor: -0.0507
[ Rate Water-0Qil Ratio : -26.92
Watercut : 1.0386

Select Chartto Display |Oil Production -

Calculate Clese

25 In-situ Combustion Predictive Model

In-situ combustion involves starting a fire in the reservoir and injecting air to sustain the burning of some
of the crude oil. This process recowers oil by the application of heat to lower the oil viscosity, upgrading
the crude through thermal cracking, and the pressure supplied to the resernvoir by the injected air.

Limitations

e [f sufficient coke is not deposited from the oil being burned, the combustion process will not be
sustained. This prevents the application for high-gravity, paraffinic oils.

¢ |f excessive coke is deposited, the rate of advance of the combustion zone will be slow, and the
guantity of air required to sustain combustion will be high.

¢ Qil saturation and porosity must be high to minimize heat loss to rock,

¢ Process tends to sweep through upper part of reservoir so that sweep efficiency is poor in thick
formation.

Problems

¢ Adverse mobility ratio.

e Complex process, requiring large capital investment, is difficult to control.

¢ Produced flue gases can present environmental problems.

e Operational problems such as severe corrosion caused by low pH hot water, serious oil-water
emulsions, increased sand production, deposition of carbon or wax, and pipe failures in the producing
wells as a result of the very high temperatures.
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The following description is taken from the US Department of Energy Insitu Combustion Predictive Model
(ICPM) documentation.

"The ICPM oil recovery algorithm is based on the work of Brigham, et al (1980), who correlated the major
variables in the combustion process to the results of 12 field pilot tests. Their correlation relates oil
burned and oil produced to the amount of air injected and the reservoir volume, and is for dry
combustion only. A method to predict wet combustion performance was added by NPC based on
laboratory data (Garon and Wygal, 1974; Prats, 1982)."

€ Insitu Combustion Predictive Model [US DOE Example - Insitu Combustion.icm] =] = |
El RecentFiles '|@HD|‘:’|@ ‘
Title [US DOE Example - BASE CASE MODEL |
| Prediction Timeframe |
Start Date [Jan 2008 EZl Reporting Frequency |Z| ‘
Input Data||Results
— | Required Data | | Optional Data|————————
Total Developed Area Acres |Z| Reservoir Pressure [psial
Reservoir Depth [fi] Reservoir Temperature [deg F]
Porasity fraction] Oil FVF. Bo [rbist]
Permesability [mD] Viater FVF, Bwlrbistt] [ ]
Net Pay Thickness [f] DeadOilviscosityel | |
API Gravity Air Injection Rate [mscfiday] | |
Current Oil Saturation [fraction] ‘wiater/Air Ratio [sthimsci]
Current Water Saturation [fraction] Maximum Volume Swept [fraction] l:l
Current Gas Saturation [fraction] l:l
MNumber of Producing \wells | Clear All |
Maximum Thickness per Burn Zone [fi] | Reset Defaults |
Calculate | Close |

Once the user has pressed the Calculate button, the results data will be re-imported back into the
application and displayed as shown in the following three screen captures below.
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€ Insitu Combustion Predictive Model [US DOE Example - Insitu Combustion.icm] =] = |
B RecentFiles |5 W 0| & © ‘

Title [US DOE Example - BASE CASE MODEL |

| Prediction Timeframe |

Start Date Reporting Frequency |Monthly |Z|

|Input D\&fﬁ"RﬁSlﬂS|
Main Results |Profiles Charts|
1

| »

INPUT DECE ECHO

1 US DOE Example - BASE CASE MODEL 3

z 0,0, 1,0

3 3000, 500, 138

4 150, 500, 0.25

5 0.5, 0, 0.5

& 25,0, 1.1, 0

7 &00, 80, O, -1, 0.4, 1

g END

1

B bk bk b bk b bbb bk b
. .
* NATIONAL PETROLEUM COUNCIL *
% INSITU COMBUSTION DREDICTIVE MODEL -
* (ICPM - RELEASE 1.4.0) -
. .

{ RPRIL ,15985 )

e ol e o e e e e e

US DOE Example - BASE CASE MODEL

CRSE CONTROLS

RECOVERY PREDICTION METHOD .. ........ 0 1IRES
PATTERN CONTROL ... ... ... .... 0 IPAT
PRINT COMTROL .. ... oo 1 TIWRIT
ECOMOMIC ANALY¥SIS COMNTROL ........... 0 IECON

The user can copy the data from the data tables to the Windows clipboard for use with other
applications, such as Microsoft Excel. To display the context menu shown below, simply single right-
mouse-click while over the data table.
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€ Insitu Combustion Predictive Model [US DOE Example - Insitu Combustion.icm] =] = |
B RecentFiles |5 W 0| & © ‘
Title [US DOE Example - BASE CASE MODEL |
[Prediction Timeframe|
Start Date Reporting Frequency |Monthly |Z|

|Input Data" Hﬂsl‘lﬁ|
[Main Resulis| Profiles [Charts|

= Waste S Cumulative Cumulative Cumulative Sl

Date Gha® | GasRate | “Wateifae | Ligd Rate Oil Waste Gas Water
[Mscfid] [Mbbi] [MMscf] [Mbbi]
Jan-2008 00 00 00 0.0 0.00 0.00 000 |~
Feb-2008 233 4347 393 1226 241 1261 114
Mar-2008 1249 £52.1 530 1839 628 3282 287
Apr-2008 1423 BES.5 726 220.8 10.55 52,91 513
May-2008 159.6 10868 257.9 15.50 9260 237
Jun-2008 1770 Copy Profiles Table 2949 2081 13172 1191
Jul-2008 1925 : : 3301 2678 178.88 16.18
Aug-2008 2081 1738, [ Copy Profile Table to Clipboard | 3323 232.80 2105
Sep-2008 2736 19562 1768 2005 3984 29148 2636
Oct-2008 237.0 1736 1966 4335 4729 358 86 3245
Mow-2008 2503 2380.8 2162 46EE 5420 43059 3284
Dec-2008 2627 2608.3 2359 4386 6287 51145 4625
Jan-2009 2587 2608.3 2159 4546 70.89 552,31 5156
Feb-2008 2536 2608.3 2159 4885 72.08 £65.34 ED17
Mar-2008 2486 2608.3 2359 4845 85.80 746 20 £7.48
Apr-2008 2438 2608.3 2159 4785 9310 824 44 T4 56
May-2003 2385 2608.3 2353 474.4 100.50 30530 2187
Jun-2003 23315 2608.3 2353 4634 10750 38355 2235
Jul-2003 2235 2608.3 2353 4654 11462 1064.41 3626
Aug-2008 2755 2608.3 2353 4614 121 81 114537 10357 _
B s 2conn P P imman e e
| Calculate | | Close |

The user can also copy the active chart to the Windows clipboard for use with other applications, such
as Microsoft Powerpoint. Data tooltips can also be displayed within the chart area by howering the
mouse over a series datapoint, as shown below.
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2.6

@ Insitu Cembustion Predictive Model [US DOE Example - Insitu Combustion.icm] EI@
H RecentFiles ~| 3 @ O | =& @ ‘

Title [US DOE Example - BASE CASE MODEL |

| Prediction Timeframe |

I
Start Date |Jan 2008 - Reporting Frequency | Semi-Annually - ‘

Input Data || Results
Main Results| Profiles| Charls

250 0.6

B

Date: 01-Jan-2009
o Oil Rate: 246.0

Waste Gas Rate : 2608.3
Water Rate : 235.9
Liquid Rate: 481.9
AirInjection Rate: 28703 " i
Water Injection Rate: 0.0 o
Cumulative Oil : 107.50 —
ste Gas: 983.55
ve Water: 88.95
Cumulative Liquid : 196.45 -0.2
Cumulative Air Injection : 1082.35
504 Cumulative Water Injection : 0,00
| Qil Recovery Factor: 0.0578

/ Fraction of Pattern Burned : 0.0450

u T T T T u
Jan-2008 Jan-2010 Jan-2012 Jan-2014 Jan-2016 Jan-2018

1504

1004

Oil Production Rate
UOIENPOI |0 BATEWND

| [ Rate = Cumulative

Select Chartto Display |0il Production -

Calculate

Close

Steamflood Predictive Model

The steamdrive process or steamflooding involves the continuous injection of steam to displace oil
towards the producing wells. This process recovers oil by heating the oil and reducing it's viscosity,
supplying pressure to drive oil to the producing wells and steam distillation, especially in light crude oils.

Limitations

¢ Qil saturations must be quite high and the pay zone should be more than 20 feet thick to minimize
heat losses to adjacent formations.

e Lighter, less viscous crude oils can be steamflooded but normally will not be if the reservoir will
respond to an ordinary waterflood.

e Steamflooding is primarily applicable to viscous oils in massive, high-permeability sandstones or
unconsolidated sands.

¢ Because of excess heat losses in the wellbore, steamflooded resenwirs should be as shallow as
possible as long as pressure for sufficient injection rates can be maintained.

e Steamflooding is not normally used in carbonate resenirs.

¢ Since about one-third of the additional oil recovered is consumed to generate the required steam, the

cost per incremental barrel of oil is high.

A low percentage of water-sensitive clays is desired for good injectivity.

The following description is taken from the US Department of Energy Steamflood Predictive Model

© 2005 - 2010 by Petroleum Solutions Ltd, all rights reserved



EORgui Sections 33

(SFPM) documentation.

"The SFPM is applicable to the steam drive process, but not to cyclic steam injection (steam soak)
processes. There are four separate oil recovery predictive algorithms in the SFPM: the Williams et al
(1980) model, also known as the Stanford University Petroleum Research Institute (SUPRI) model, the
Jones (1981) model, the Gomaa (1980) model, and the Intercomp model (Aydelotte and Pope, 1983). All
of the predictive algorithms in the SFPM make use of calculations for heat losses in surface pipe and in
the wellbore, as originally presented by Williams et al (1980)."

€ Steam Flood Predictive Model [US DOE Steamflood Example.sfm] =] =] =]
H RecertFiles ~| 2 @ @ | =| @ ‘

Title |US DOE Example - MCKITTRICK F AREA

Heat Production Calculation | Preduced Heat not accounted for

Reservoir Calculations Output | Output enly Final Results
Steam Table Options | Use Internal Steam Tables

Surface Line Heat Loss Method |Adiabatic (NoHeat Loss)

OEEED  [E

Reservair Performance Method |Gomaa Method
Reservoir Data | Fluid and Saturation Data | Surface and Wellbore Data | Time Step Data | Results

— | Required Data | | Optional Data |
Reservoir Depth [fi] Reservoir Pressure [psig]
Fattern frea Acres |z| Rezervoir Temperature [deg F]
Net Pay Thickness [f] Gross Thickness [
Porosity [fraction] RockDensity[bife] [ |
Permesability [mD] Rock HeatCapacity [BTUAB [ |
Reservoir Dip, degrees Rock Thermal Diffusivity [f2/h | Clear All |
Arer heated at heat Initial Injectivity Index [bpd/psi] —
breakthrough [fraction] Calculate Optional
Steam temperature increase Data
applied to hot zone [fraction]
I\,\} Calculate | Close |

Tooltips, as shown below, are provided to help define some of the input data requirements. To display
these tooltips simply hover the mouse owver the label box describing the input data.
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0 Steam Flood Predictive Model [US DOE Steamflood Example.sfm]

B RecentFiles | (5 d [ = ©

Title |US DOE Example - MCKITTRICK

F AREA |

Heat Production Calculati |P duced Heat not accounted for

Reservoir Calculations Output |0thpu1 only Final Results

]

Steam Table Options | Use Internal Steam Tables

]

Surface Line Heat Loss Method |Miabatic (MoHeat Loss)

-]

Reservoir Performance Method |GDmaa Method

]

[Reservoir Data [Fluid and Saturation Data [Surface and Wellbore Data|| Time Step Data [ Results|

Start Date

| Prediction Timeframe |

Reporting Frequency | Semi-Annually E|

[ ceam

Reset Defaults

Estimated efﬁc[i}enc',r at end project [fraction of area heated] l:l

Heatproduced per Net Pay f [MMETUR] | |

Estimated efficiency at end project [firaction of area heated]
Estimated efficiency at end of project [ Fraction Of Area Heated |
[ must be between 0.4 and 0.9]

Multiplier ofcalculated steam overlay angle [fraction]
Number Of Time Steps
Size Of Time Step
Steam injection rate for time step [bbl/day]
Maximum generator pressure for time step [psia] EI
Steam guality for time step [mass fraction at sandface] l:l

[ Calculate | [ Close |

Once the user has pressed the Calculate button, the results data will be re-imported back into the
application and displayed as shown in the following three screen captures below.
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@ Steam Flood Predictive Model [US DOE Steamflood Example.sfm]

(= E =)

B RecentFiles | (5 Wl 0| =] ©

Heat Preduction Calculation

Reservoir Calculations Output
Steam Table Options
Surface Line Heat Loss Method

Reservoir Perfarmance Method

Title |US DOE Example - MCKITTRICK F AREA

Preduced Heat not accounted for

Output only Final Results
Use Internal Steam Tables
Adiabatic (NoHeat Loss)
Gomaa Method

|Reservoir Data | Fluid and Saturation Data | Surface and \wellbore Data [ Time Step Data | Resutts |

OEEED  [E

|Main Results | Profiles | Charts |

1
INPUT DECE ECHO

0, 0, 0, 0, 0, 3 0,
2250, 150, 120, 180,
1500, 0.35, 0, 0, O
10, a,

Ry
=}
=
i

[= = e R N RV S
[ B R R T A e

5}

=
=)
o

-
=}

[= = e e N I R VIR

i
=3
b
5
P
- o
NOoOooo0oDoo-
o

[ o
[ T O N I U R R
=
o
=1
o

(SFFM -

(RUGUST, 15985)

T

STEAM FLOOD PREDICTIVE MODEL

RELEASE 3.1)

US DOE Example — MCEITTRICE F RRER

a
1z0

e R R R e

P

m | »

The user can copy the data from the data tables to the Windows clipboard for use with other
applications, such as Microsoft Excel. To display the context menu shown below, simply single right-
mouse-click while over the data table.
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€ Steam Flood Predictive Model [US DOE Steamflood Example.sfm] =] =] =]
B RecentFiles | (5 Wl 0| =] © ‘

Title |US DOE Example - MCKITTRICK F AREA |

Heat Production Calculati |F’ duced Heat not accounted for |Z||
Reservoir Calculations Output |0thpu1 only Final Results |Z||
Steam Table Options | lze Internal Steam Tables |Z||
Surface Line Heat Loss Method |Miabatic (MoHeat Loss) |Z||
Reservoir Performance Method |GDmaa Method |Z||
|F-'.aervoir Data" Fluid and Saturation Data||5urraoe and Wellbore Data”Tirma Step Data ||R&mils |
[Main Results Profiles Charts|
. Cumulative Cumulative Cumulative Cumu *
Date Oiar | Sabee | Veeefne | SeamBer Qil Gas Viater Ste| |
[Mbbl] [MMscf] [Mbbl] [MBC
0.0 0.0 1800.0 1800.0 0.00 0.00 32760
N 17859 1800.0 259 0.04 656.21
7
" Copy Profilegfeble | 16145 1800.0 B2 0.50 948,37 =
3636 |Cop1_.' Profile Table to Clipboard i 1800.0 103.13 145 121267
B13.1 72 12869 18000 196.00 276 144560
Jul-2010 605.4 85 11946 1800.0 307.39 432 1665.41
Jan-2011 5735 81 12265 1800.0 411.20 578 188740 L
Jul-2011 4876 %] 13124 1800.0 500.91 7.04 2128.89
Jan-2012 3%8.7 56 14013 1800.0 573.47 8.05 238353
Jul-2012 305.0 43 1451.0 1800.0 630.32 8.85 2658.28
Jan-2013 2789 19 15211 18000 680.80 956 253360
Jul-2013 2425 34 18875 18000 72541 10.18 X209
Jan-2014 2054 29 15846 18000 76255 10.71 3508.81
Jul-2014 156.4 22 16436 1800.0 791.37 1.1 3811.23
Jan-2015 1144 16 16856 1800.0 812.08 11.39 4116.32
Jul-2015 501 13 17089 1800.0 828.66 1162 443054
Jan-2016 548 [E:] 17452 1800.0 83863 11.76 474857 i
A ||'|r|4n- — na | amnn annnn nisan 44 na rrmann -
[ Calculate | [ Close |

The user can also copy the active chart to the Windows clipboard for use with other applications, such
as Microsoft Powerpoint.
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€ Steam Flood Predictive Model [US DOE Steamflood Example.sfm] =] =] =]
H RecentFiles ~| 5 W O | = | @ ‘

Title |US DOE Example - MCKITTRICK F AREA |

Heat Production Calculation | Preduced Heat not accounted for -
Reservoir Calculations Output | Output enly Final Results -
Steam Table Options | Use Internal Steam Tables -

Surface Line Heat Loss Method |Adigbatic (No Heat Loss) -
Reservoir Performance Method |Gomaa Method -

Rezervoir Data | Fluid and Saturation Data | Surface and Wwellbore Data||Time Step Data | Resultz
Main Results|Profiles | Charts

800 — 1

D Copy Chart to Clipkboard

500 M [H | SaveCharttoFile

[ —/ Los

Oil Production Fate
=
1
o
UONANPO| 1] SAITE| L N7

. Hﬂﬂmn :

e e

T T
Jan-2010 Jan-2013 Jan-2016 Jan-2019 Jan-2022 Jan-2025

(=]

| [ Rate = Cumulative

Select Chartto Display |Oil Production -

Calculate Close

2.7  Infill Drilling Predictive Model

The following description is taken from the US Department of Energy Infill Drilling Predictive Model
(IDPM) documentation.

"The IDPM is a three-dimensional (stratified, five-spot), two-phase (oil and water) model which uses a
minimal amount of reservoir and geologic data to generate production and recovery forecasts for ongoing
waterflood and infill drilling projects. The model computes water-oil displacement and oil recovery using
finite difference solutions within streamtubes. It calculates the streamtube geometries and uses a two-
dimensional reservoir simulation to track fluid movement in each streamtube slice.”
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) Infill Predictive Model [US DOE Infill Drilling Example.ifm] =] = |3
B RecentFiles ~| 5 i O | =] © ‘

Title |US DOE Example - Morth Riley Unit Base Case |

COutput simulator arrays |DD not output simulater grid arrays with timestep data |Z||

Output streamtube calculations | Da not cutput streamtube calculations |Z||

|Resenmir and Fluid Dilil" Layer Data" Hesulhi'

| Required Data |

Resev Do -

| Optional Data |

Reservoir Pressure [psig ‘wiater density atstandard conditions

Reservoir Temperature [deg F] Oil compressibility at reservoir conditions

Pressure for Porosity and Density data [psia] ‘wiater compressibility at rezervoir conditions
Pore volume compressibility [1/psi] Endpoint kro at Swe

Gas Gravity Endpoint krw at Sor

Soluion GOR[scfistt] [330 | Corey Exponentfor Oil 2|

Qil FVF, Bo [rbisth] Corey Exponent for wiater

Wiater FVF Bwlbistt] [ ] Swe [fraction]

Oil viscosity [cF Sor [fraction]

Water viscosity [cF] Initial cil saturation override [fraction] l:l

ResetDefaults || Clear Al |

|}Calculate Close

Tooltips, as shown below, are provided to help define some of the input data requirements. To display
these tooltips simply hover the mouse over the label box describing the input data.
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B RecentFiles ~| 5 i 0| ©

Title |U5 DOE Example - Morth Riley Unit Base Case

Output simulator arrays | Do not cutput simulator grid arrays with imestep data |Z||

Output streamtube calculations |DD not output streamtube calculations |Z||

Reservoirand Fluid Data |Layer Data|[Results|

Rezervoir connectivity for Infill Area
Distance for 100% ooty

[ Prediction Timeframe|
St T —
Infill plug-back contral | Do not piug back ] Vister cut atwhich infllis to ocour
MNumber of streamtubes per layer Final abandonment water cut
MNumber of grid cells per streamtube Maximum run time [days] l:l
Ratio of KY to 10X Layer Calculafion Options |Input VDP - Equal Thickness =
Ratio of KV to KX [kvikh] Dykstra-Parsons Coefficient
Infill pattern type |5‘3I3°t to Sspot |Z|| Mumber of Layers
Infill Pattern Area [40 | |Acres =] Layer Thickness Porosity Permesbility
Number if] [fraction] {mD]
Infill Distancebetween wielis i [ | ; w 008 =

Infill injection rate int
N e -

Nen infill injection rate into patte{ Distance for 100% continuity [
Thedistance betweenwells (infest)

Reset Defaulis ||  Clear All |

| Coleate | | Close |

Once the user has pressed the Calculate button, the results data will be re-imported back into the

application and displayed as shown in the following three screen captures below.
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) Infill Predictive Model [US DOE Infill Drilling Example.ifm] =] = |3

B RecentFiles | 2 W O | = @ ‘

Title |US DOE Example - Morth Riley Unit Base Case |

Output simulator arrays | Do not eutput simulator grid arrays with timestep data -

Output streamtube calculations | Do not output streamtube calculations -

Reservoirand Fluid Data | Layer Data || Results
Main Result= | Profiles | Charts

T e o e e e e e e e e e e e e -
* - |—|
- INFILL DRILLING PREDICTION MODEL * B
> ({IDFM - RELEASE 1.2.0) *
- -

e e e e o e e e e e e

U5 DOE Example — Morth Riley Unit Base Case

U5 DOE Example - MNorth Riley Unit Base Case

o, 1, 0, 0, 1z, 0.8%

0, 11, 15, 1, 0.1, 0

40, 300, 933.380951166243, 0.55, 200, 400, 0.75, 0.95, O
3E-06, 3000, 2750, -6300, 107

64, 0.9986915, 3E-06, 0.6, 0.8

32, 1.28, 7.35E-08, 1.7, 330

2z, 2, 0.752, 0.4, 0.32, 0.25, O

[

0.08, 10, 400
END

IDDPM CURRENT MRHIMUM PARAMETER VALUES

NUMBER OF TUBES PER LAYER. ... ... ......
NUMBER OF GRID CELLS PER TUBE......... 15
NUMBER OF LRAYERS .. ... ... ..... 20 52

Close

The user can copy the data from the data tables to the Windows clipboard for use with other
applications, such as Microsoft Excel. To display the context menu shown below, simply single right-

mouse-click while over the data table.
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) Infill Predictive Model [US DOE Infill Drilling Example.ifm] =] = |3
B RecentFiles | & [ [ | = @ ‘
Title |US DOE Example - North Riley Unit Base Cass |
Output simulator arrays | Do not eutput simulator grid arrays with timestep data |Z|
Output streamtube calculations | Do not output streamtube calculations |Z|
|Re:servoiranﬂ FIuidData”Layer Data||H&mlIs|
|Main Results| Profiles ||Charus |
Z Cumulative Cumulative Qil RF ||
IR ail Vister Pore Volumes [Fractonof | WOR | 1
[Mbbl] [Mbbl] ! OIP at Starf]
2008 19.9 00 727 0.00 0.01 1.0987 000 =
2009 19.5 0.0 14.38 0.00 0.01 21765 0.00
2010 = 1.45 0.05 0.02 32452 0.01
2011 enliefieslohis 'I?.m 093 0.03 42051 0.15
202 155 [ Copy Profile Table to Clipboard | 282 0.04 5.0664 032
2013 141 O : 535 0.04 58412 049
2014 125 90 432 864 0.05 65287 072
2015 13 105 4733 12.49 0.06 7.1501 093
2016 103 119 51.08 16.83 007 77168 1.16
2017 94 129 5452 2156 007 22358 137
2018 87 139 5769 2662 0.08 87159 159
2019 81 146 6065 31.96 0.09 9.1619 1.81
2020 76 15.3 6342 37.57 o.10 95813 202
2021 71 159 8601 4337 0.10 99737 224
2022 87 164 6247 4936 0.1 10.3447 244
2023 64 16.8 7079 5551 0.12 10.6963 264
2024 6.1 172 7302 61.82 0.13 11.0323 284
2025 58 176 75.13 68.23 0.13 11.3530 303
2026 5§ 179 7716 7476 0.14 11,6601 321
2027 53 182 7311 2139 0.15 11.9560 340
2028 5.1 18.4 80.99 88.13 0.15 12.2404 358 7
< 1 | 3
| Calculate | | Close |

The user can also copy the active chart to the Windows clipboard for use with other applications, such
as Microsoft Powerpoint.
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) Infill Predictive Model [US DOE Infill Drilling Example.ifm] =] = |3
H RecentFiles ~| (D [ O =& @ ‘
Title |US DOE Example - North Riley Unit Base Cass |
Output simulator arrays | Do not eutput simulator grid arrays with timestep data -
Output streamtube calculations | Do not output streamtube calculations -
Reservoirand Fluid Data | Layer Data || Results
Main Resultz| Profiles | Charts
20— —0.16
L L 014
Cepy Chart to Clipkbeard

15 0 5 ¢ - 012
[H | SaviChart to File (o)
= . ; o1 2
o« =
5 :
S 10+ |-00s 2
g 7
[ 0 =
bS] oos £
g

5 L 0.04

-0.02

Jan-2016 Jan-2034 Jan-2052 Jan-2070 Jan-2088 :
[ Rate = Cumulative
Select Chartto Display |Mon-Infill Oil Production -
Calculate Close
2.8 Example Data Files

Contained within the installation process are example data files for each of the application modules.
These files can be found in a sub-folder of the Application installation folder, and is typically called :

C:\Program Files\Petroleum Solutions\EORgui\Examples\

» Computer » Local Disk (C:) » Program Files » Petroleurn Sclutions » EORgui » Examples

The user can browse to this folder within the application to see how input is formatted and to trial the
functionality of the various modules.

An example screen capture of one one these files is shown below.
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<PolymnerFlood Data:

¢Title:DI0E FPolymer Example<-Title:

cIOPT > 2 T0OFT >

¢IAROPT »2 <~ TAROPT >

¢ILIT»0<~ILIT>

<B0O»1 . 104<~BO>

<BW:1 . 008<~BEW:

<WISO:5¢-VISO:

CVISW:>D 6<-VISW>

<APT»25¢ API >

<TEHP»125<~-TEHFP »

<GOR>175<4-GOR>

<SGG>0. 7¢ 565

¢PFORM>1000<FFORM >

¢LYROFT » 2 <~ LYROFT >

<VDP>0. 6< VDP>

¢HLAYER:>10<-NLAVER:>

{Thickne=s=S5tring>50.0,.0,0,0,0.0,0,0,0¢-Thickness5tring:>

¢PoroString:»0.3,.0,0.0,0,0,0,0.0,0<sPoraString>

¢PermString:200,0,0,0,0,0,0,0.0,0< PermString:

<SwcString:0.5.0,0,0,.0,0,0,0,0,0<SwcString:

CCONCE>900<-CONHCE »

<VISP»10. 9<-VISFE>»

<RF:12<-REF:

¢DSPAF>100<-DSPAF »

<REF:1 . 101<-ERF>

<VPMEB:0. 3<~-VEME:

CVIMAN >3 VIMAX>

<XKPL:4< HKPL:>

<ENPL:0.6<~ XNPL:>

CSWC>0 . 3¢ 5WC»

¢SORW:0. 25<-S0ORW>

¢HEROE>D . 8< HKROE>

<XKRWE:0 . 2<-XKRWE>

CENO:2 ¢ ENO»

CHEHW 2 ¢ 7HHW

<DEFTH:>2500<~DEFTH >

CAREA>Z20< AREA>

¢hreallnits:»0< Areallnits:

<RU:=0. 5¢<-REW>

{CP:0<CP>

<QRES:0<QORES >

¢StartDate>01-01-2008 00:00:00<-StartDate:

<CalcFrequency:l<-CalcFrequency»
<PolymerFlood_Data:
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