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DISCLAIMER



This report was prepared as an account of work sponsored by an agency of the United States Government.  Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.  Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof.  The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.
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About CO2-Prophet





CO2-Prophet was developed by Texaco Exploration and Production Technology Department (EPTD).



Copyright© 1992-1994 Texaco, Inc. All rights reserved.



CO2-Prophet was partially developed as part of the DOE Class I cost share program "Post Waterflood, CO2 Flood in a Light Oil, Fluvial Dominated Deltaic Reservoir” (DOE Contract No. DE-FC22-93BC14960).
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�OVERVIEW





This documentation includes the following parts:



System Requirements	-	a description of the hardware requirements



Model Description 	 -	a brief description of what CO2 Prophet is and what it does



Model Input Requirements	-	a description of what input values are required and how to enter them



Running the Program	-	a description of how to run the program



Output 	- 	a description of the output files which are created



The installation procedures are provided in Appendix B.  Procedures for using the menus are given in Appendix F.

�SYSTEM REQUIREMENTS





A personal computer using the Intel 386 processor with a math coprocessor is the minimum required. A 486DX is recommended.  For example, CO2 Prophet runs 4 times faster on a 486/33 machine than on a 386/20.



4MB of memory are required together with 2.5MB of free disk storage. 



CO2 Prophet will run under the Microsoft windows environment.

�MODEL DESCRIPTION





CO2 Prophet was developed as an alternative to the U.S. Department of Energy's CO2 miscible flood predictive model, CO2PM.  Both models are screening tools which fall between crude empirical correlations and sophisticated numerical simulators.  CO2 Prophet has many more capabilities and fewer limitations than CO2PM.



CO2 Prophet was designed to identify how key variables influence CO2 project performance and economics prior to performing detailed numerical simulation.



CO2 Prophet performs two principal operations. It first generates streamlines for fluid flow between injection and production wells and then does displacement and recovery calculations along the streamtubes. The streamlines form the flow boundaries for the streamtubes. A finite difference routine is used for the displacement calculations. A special advantage of the streamtube method is the avoidance of grid orientation effects.



The effect of areal sweep efficiency is handled by incorporating streamlines and streamtubes.  Doing calculations along the streamtubes eliminates the need for using an empirical correlation for areal sweep efficiency.  CO2PM, by contrast, uses an empirical correlation.



A mixing parameter approach the same as that proposed by Todd and Longstaff is used for simulation of the miscible CO2 process.  Mixing parameter models simulate the mixing and viscous fingering which occur in miscible displacements by adjusting solvent and oil viscosities. These adjustments alter the fractional flow of solvent and oil.





Streamtube Patterns



CO2 Prophet is not limited to the 5 Spot pattern as is CO2PM.  An unlimited number of patterns can be handled.  However, streamtubes for common flooding patterns have already been created and do not have to be generated.  The flow calculations are performed along the previously generated streamtubes.  Pregenerated streamtubes exist for the following patterns:



		Ratio of Producing	Execution

	Pattern	to Injection Wells	Speed



	5 Spot	1	2

	Special West Texas 7 Spot	2	6

	Inverted 9 Spot	3	4

	Line Drive	1	1

	4 Spot (Inverted 7 Spot)	2	3

	Isolated 2 Spot	1	5



The streamlines for all patterns were created by assuming the same rate for all production wells.  For example, this means that the production rate for the side and corner wells in the inverted 9 spot was assumed to be the same.  The isolated 2 spot consists of a single injector and producer.



The order of approximate execution speed is also shown.  The Line Drive is the fastest while the west Texas Seven Spot is the slowest.



Diagrams of these patterns are provided in Appendix A.  The area to be used as input for a single pattern is also shown in Appendix A..  The area for the isolated 2 spot is defined as 1.25 times the distance between the wells squared.



If these existing patterns are not sufficient, the user can also generate a custom pattern (or reservoir) which includes up to 10 injection wells and 10 production wells.  If it is necessary to run a case in which the producers have different rates, streamlines should be regenerated by running the custom pattern case.





Types of Recovery



CO2 Prophet is versatile and many types of recovery process can be simulated. The model can simulate the following:



Waterflood

Straight miscible CO2 flood

Miscible CO2 WAG

Immiscible CO2  flood



The model is not limited to just miscible CO2 floods as is CO2PM but can even do common waterfloods. Furthermore, up to four periods of recovery can be simulated sequentially. For instance, a waterflood, followed by straight CO2, followed by CO2 WAG, followed by water can be simulated. The saturation distributions at the end of each period are retained as the starting saturation distributions for the next period. For example, the saturation distribution at the beginning a typical CO2 flood is not uniform but rather is what resulted at the end of the prior waterflood.





Other Characteristics



The reservoir model can include up to 10 layers; the default is 5 layers.  There is no crossflow between the layers.



The effect of gravity is currently not incorporated.



The injection and production rates are balanced.



There are 3 components in this model:  solvent (gas), water, and oil.  The terms gas and solvent are used interchangeably.





User Interface



The user interface consists of several pull down menus and panels for the entry of data. The menus are accessed by typing PROPHET at the DOS prompt.



�MODEL INPUT REQUIREMENTS





The input requirements of the model are discussed in conjunction with the input screens.  Several pull-down menus have been created to facilitate data entry and are discussed in series.  All the menus can be operated with a mouse.  Reproductions of the menu screens are provided in the discussion.





FILE Menu



Saving and Retrieving Input Files
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To retrieve previously saved input files, READ is selected under the FILE menu. To save a modified file under the same or a new name, SAVE is selected.
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Files are saved and stored with a SAV extension.�
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DATA Menu
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Basic reservoir data and OOIP information are entered under the DATA menu.



�Reservoir and Fluid Data



Items of reservoir and fluid data which are needed for the model are entered in the two panels

provided under RESERVOIR DATA.
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All THESE DATA ITEMS HAVE DEFAULTS, and the program will run with these defaults, but it is highly recommended to insert the correct values where they are known. The parameters which are especially important and should be as accurate as possible are the Dykstra-Parsons coefficient, the oil viscosity, the water viscosity, the reservoir temperature, the average reservoir pressure, and the minimum miscibility pressure (MMP). The reservoir pressure must be above the MMP for the flood to be miscible.



The Dykstra-Parsons coefficient can have an extremely large impact on recovery. The Dykstra-Parsons coefficient is used to calculate the permeability variation between the layers in the model.  The calculation of layer permeabilities is done internally in the program.



For the Dykstra-Parsons coefficient to have a large influence on recovery, 3 or more layers should be selected.  When the Dykstra-Parsons coefficient is large, increasing the number of layers between 1 to about 5 has a significant impact on recovery.  Increasing the number of layers past 5 generally has only a small effect. The number of layers is selected in the advanced options menu. The default is 5.



The Dykstra-Parsons coefficient is a common measure of reservoir heterogeneity. There is a large variation in reservoir permeability with a large Dykstra-Parsons coefficient. The recovery is greatest in the highest permeability layer.



Dykstra-Parsons Coefficient	The default is 0.70. This parameter varies from 0.0 to 1.0 and has a large impact on recovery. It is used to calculate the permeability variation of the reservoir layers. This variation, in turn, determines the relative injectivity of fluids in each layer.



Reservoir Temperature	The default is 100ºF The temperature is only used to calculate CO2 viscosity.



Average Reservoir Pressure	The default is 2000 psia. This value is used to determine the CO2 viscosity and whether the flood will be completely miscible, partially miscible, or totally immiscible.  



Minimum Miscibility Pressure	The default is 1200 psia. This parameter is used to determine whether the flood will be completely miscible, partially miscible, or totally immiscible. This must be set below the reservoir pressure for the flood to be completely miscible.



Oil Viscosity, cp	The default is 2.0 cp. This is used in the fluid mobility calculations.



Oil Formation Volume Factor, Bo	The default is 1.4 RB/STB.

	It is used to compute oil recovery in surface units.



Solution Gas-Oil Ratio, Rs	The default is 500 Scf/STB.  This is used to calculate gas produced on the surface.



Oil Gravity, API	The default is 26.0 º API



Gas Specific Gravity	The default is 0.70.

(Air = 1.0)



Water Viscosity, cp	The default is 0.80 cp. This is used in fluid mobility calculations.



Water Salinity, ppm	The default is 10,000 ppm.

�Original Oil in Place



The original oil in place can be determined in two ways.



1.	The original oil in place can be specified. If this is done, then the area, net thickness, and porosity of the reservoir (or pattern) will be assigned appropriate values.
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2.	The area (in acres), net thickness (in feet), and porosity can be specified. The original oil in place is then calculated. The area should not be entered when a custom pattern is selected; the area will, instead, be calculated internally using the entered pattern boundaries.
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If the value for the original oil in place is not accurate, the volumetric production will not be accurate. However, the production in terms of hydrocarbon pore volumes will still be accurate.



When the pre-set patterns are used, the oil in place or area does not have to be for a single pattern.  For instance, if it is desired to have production numbers for 10 five-spots, then the area or oil in place for ten five spots would be entered.  However, when this is done, the injection well and production well rates should also be entered as 10 times the normal single well injection rates.  The areas for single patterns are shown in Appendix A.

�SATURATIONS Menu





Relative Permeability Relationships



This section describes the relative permeability equations which are used in the model as well as the defaults which are available. It is possible to run a simulation without changing any of the defaults, but this is not advisable.



The relative permeability curves are approximated by analytical equations. These equations are essentially the same as those used in the COMP 3 reservoir simulator with slightly different notation.



In this model there are three phases which can flow: water, oil, and gas. The terms gas and solvent are used interchangeabIy. The only gas phase that is permitted in the model is the solvent phase. A hydrocarbon gas does not exist in the model. The relative permeability equations which are used for simulating both miscible and immiscible flow are constructed from two-phase flow equations.



DEFAULT VALUES ARE SUPPLIED FOR ALL PARAMETERS in the base two phase flow equations.  However, it is strongly recommended that better representative values be used wherever they are known. The values from the 1984 NPC study are used for the defaults where they are available. The important parameters are the endpoint relative permeabilities and the residual saturations. The exponents for the curves are not as important. The input parameters are entered in the equations which appear in the input screens available under the SATURATIONS heading. They can be entered for all the equations by selection of Do It All, or values for just a single equation can be entered by selecting the desired equation.
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The equation parameters are sometimes located in more than one equation, and they are entered in the first equation where they appear.  The variables which can be entered for each equation are shown in bold and underlined.  The parameters which can be entered for each equation are also listed in each equation panel.  For example, Expw, Swir, Sorw, and Kwro are changed under Krw, the water relative permeability.

�Base Two-Phase Flow Equations





Krw



The equation for the two-base water relative permeability, Krw, is



	�EMBED Equation.3���	1

where



Krw is the relative permeability of water



Sw is the water saturation



Expw is the water equation exponent The default is 2.0



Swir is the irreducible water saturation. The default is 0.2 which is also the same as Swc



Sorw is the residual oil to waterflood. The default is 0.37.



Kwro is the endpoint (maximum) relative permeability of water at the residual oil saturation. The default is 0.30.



The entry panel for this equation is
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Krow



The equation for the two-phase oil relative permeability in the presence of water, Krow, is



	�EMBED Equation.3���	2



where



Krow is the relative permeability of oil



Sw is the water saturation



Expow is the oil equation exponent. The default is 2.0.



Swc is the connate water saturation. The default is 0.2.



Sorw is the residual oil to waterflood. The default is 0.37.



Krocw is the endpoint (maximum) relative permeability of oil at the irreducible water saturation.  The default is 0.40.



The entry panel for Krow is
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Krg



The equation for the two-phase gas relative permeability in the presence of oil, Krg, is



�EMBED Equation.3���	3

where



Krg is the relative permeability of gas 



Sg is the gas saturation



Expg is the gas equation exponent. The default is 2.0. 



Swc is the connate water saturation. The default is 0.2



Sgr is the residual gas saturation to an oilflood. The default is 0.37 which is the value for Sorw



Krgcw is the endpoint (maximum) relative permeability of gas at the connate water saturation. The default is 0.40.



The Krg panel is
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Krog



The equation for the two-phase oil relative permeability in the presence of gas, Krog, is



	�EMBED Equation.3���	4



where



Krog is the relative permeability of oil



Sg is the gas saturation



Expog is the oil equation exponent.  The default is 2.0.



Swc is the connate water saturation.  The default is 2.0.



Sorg is the residual oil to a gas flood.  The default is 0.37 which is also the value for Sorw



Krocw is the endpoint (maximum) relative permeability of oil at irreducible water saturation. The default is 0.4.

�The panel for the Krog equation is
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Krs



There is also an equation for the solvent relative permeability, Krs, if it is desired to use an equation different from that of the gas relative permeability



	�EMBED Equation.3���	5



where



Krs is the relative permeability of solvent



Sg is the gas (i.e., solvent) saturation



Exps is the solvent equation exponent.  The default value is Expg which is 2.0.



Swir is the irreducible water saturation.  The default is Swc which is 0.2.



Ssr is the residual gas (i.e., solvent) saturation.  The default value is Sgr which is 0.37.



Sorm is the residual oil saturation to solvent. The default value is 0.001.



Krsmax is the endpoint (maximum) relative permeability of solvent at the irreducible water saturation. The default value is Krogcw which is 0.4.



The default values, which are derived from the gas relative permeability, are automatically used. The only value which can be changed in this panel is the residual oil saturation to a miscible flood, Sorm.  However, changes in the other defaults can be entered under the advanced options menu.

�The panel for the solvent relative permeability is
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Three-Phase Miscible and Immiscible Equations



Two entries are required for the construction of the three-phase equations, and these are explained later. They are selection of an option for the miscible phase relative permeability and selection of a value for the mixing parameter.



One of the main ways that miscible and immiscible flow are differentiated is by the use of different relative permeability equations.



Immiscible Flow. The water relative permeability is a function only of the water Saturation. The gas (or solvent) relative permeability in immiscible flow is a function of the gas (i.e., solvent) saturation only. The oil relative permeability, Kro, is given by the modified Stone method

�EMBED Equation.3���

	�EMBED Equation.3���	6



where



	�EMBED Equation.3���	7



Miscible Flow. In miscible flow there are actually only two phases, water and a miscible phase composed of solvent and oil. The water relative permeability is the same as in immiscible flow and remains a function of only the water saturation. However, the miscible phase relative permeability, which is denoted Krm, must be computed since it is not measured.



There is no definitive way to compute or handle the miscible phase relative permeability, and three options are given to user. The option for calculation of Krm is selected under the advanced options menu. The miscible phase relative permeability, Krm, can be selected as



a saturation weighted average of Krow and Krs



	�EMBED Equation.3���	8



an average of Krow and Krg



	�EMBED Equation.3���	9



or equal to Krow



	�EMBED Equation.3���	10



The third option which sets Krm equal to Krow, the oil phase relative permeability, is the default. This is the standard formulation in mixing parameter models.  However, the first option which makes Krm a saturation weighted average is physically more realistic.  In addition, the saturation weighted formulation produces results closest to those of a compositional simulator when Krg parameters are used for Krs.



The solvent and oil can be treated separately even though they are miscible.  This can be done by assigning to the solvent and oil the correct fractions of the miscible phase relative permeability. The correct fractions are based on saturation.  Under miscible conditions, the gas relative permeability is



	�EMBED Equation.3���	11



and the oil relative permeability is



	�EMBED Equation.3���	12



For example if the solvent saturation is 25% of the flowing miscible phase saturation, then 25% of the miscible phase relative permeability is assigned to the solvent and 75% is assigned to the oil.





Combined Miscible and Immiscible Flow. The equations actually used in the model can handle miscible, immiscible, and partially miscible flow. The equation for the effective relative permeability of oil, Kroeff, is



	�EMBED Equation.3���	13



The equation for the effective permeability of the solvent (i.e., gas), Krgeff, is



	�EMBED Equation.3���	14



if a condition of partial miscibility exists and the reservoir pressure, P, is less than the MMP but greater than 0.75 times the MMP, then



	�EMBED Equation.3���	15



if complete miscibility exists and the reservoir pressure is greater than the MMP, then



	( = 1.0	16



if complete immiscibility exists and the reservoir pressure is less than 0.75 times the MMP, then 



	( = 0.0	17



The equations used by PC Prophet for the effective viscosities are provided in Appendix B. These equations show how the mixing parameter is used.





Initial Oil Saturation
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The oil saturation, Soi, at the start of the first injection period is required. The entire pattern or reservoir will be initialized uniformly to this saturation. The water saturation does not have to be at the connate level.







PRESET PATTERNS Menu





Pattern Selection



To use the pre-set patterns the user must select the pattern desired and enter the injection rate information.
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Pattern	Ratio of Producing to Injection Wells



5 Spot	1

Special West Texas 7 Spot	2

Inverted 9 Spot	3

Line Drive	1

4 Spot (Inverted 7 Spot)	2

Isolated 2 Spot	1



The streamlines for all patterns were created by assuming the same rate for all production wells.  For example, this means that the production rate for the side and corner wells in the inverted 9 spot was assumed to be the same.



Diagrams of these patterns are provided in Appendix A.  The user simply selects the desired pattern. The area to be used as input for a single pattern is also shown in Appendix A.  The area for the isolated 2 spot is defined as 1.25 times the distance between the wells squared.



If these existing patterns are not sufficient, the user can also generate a custom pattern (or reservoir) which includes up to 10 injection wells and 10 production wells. If it is necessary to run a case in which the producers have different rates, streamlines should be regenerated by running the custom pattern case.
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�Injection Rates



The rates and injection characteristics must be specified for each injection period. Up to 4 periods can be used.
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Specifically for each injection period the following injection rate information is needed:



Rate of water in bbls/day (this would be 0.0 if only CO2 were being injected) and 



Rate of CO2 in MMScf/day (this would be 0.0 if only water were being injected).



Reservoir permeability is not a direct input but must be considered during the entry of injection rates.  The model will accept any rate no matter how large; consequently, the rates entered in the model should reflect reservoir permeability and any relative permeability effects anticipated during the injection of CO2 or during WAG.



Also required is the Water/CO2 injection ratio for periods in which both water and CO2 are being injected.  This number is related to the WAG ratio. It is the amount of water relative to gas when the gas is 1.0.  The following examples should clarify the use:



WAG Ratio	Water/CO2 Injection Ratio



	2 to 1	2

	1 to 1	1

	1 to 2	0.5

	1 to 3	0.33



The meaning of the Water/CO2 injection ratio number depends on whether a time or volume basis is selected.  If a time basis is selected and this number is 2, then 67% of the time water is injected and 33% of the time CO2 is injected at the specified rates.  If a volume basis is selected and this number is 2, then 67% (on a reservoir volume basis) of the total fluid injected is water and 33% is CO2.  The injection rates are those specified.



The last information which needs to be specified is the hydrocarbon pore volume (or volumes) injected.  During a period when a single fluid is being injected, this is simply the hydrocarbon pore volumes of that fluid.



During a WAG injection, this number is the hydrocarbon pore volumes of CO2 injected.  The injected water is not included in this number during a WAG period.





CUSTOM PATTERN Menu



If the preset patterns are not sufficient, then a custom pattern or reservoir can be simulated. To do a custom pattern, the pattern boundaries, well locations, injection rates, and production rates all need to be -fled.



When doing a custom pattern, the option plot streamlines should be selected the first time so that the correctness of the streamlines can be verified.
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Boundaries



The boundaries of the pattern are specified on an X Y grid. The X Y locations of the vertices for the boundaries of the pattern must entered in terms of feet. Up to ten points can be used. None of the points should be entered twice.
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Well Locations



The X Y coordinates for both the injection and production wells are required. The coordinates are in terms of feet. There are separate panels for the injection wells and production wells. Up to ten production wells and ten injection wells can be entered.



The X Y coordinates of the wells should not lie on the boundary but rather be inside.  Otherwise, problems may occur in generating the streamlines. It is recommended that the distance between the wells and the boundary be no less than five percent of the pattern width.



��





































�



�









































Injection Rates



The injection rates must be specified for each injection well. The required information is the same as that identified for the pre-set patterns.
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�Production



The allocated production rates are required. The X and Y coordinates will automatically appear.
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OPTIONS Menu





Additional Data
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�Several items of data are included under the Options menu. They are:



Project Title - The title can be up to 50 characters in length.
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Report Frequency - Monthly, quarterly, semi-annually, or annually can be selected.
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�Plot Streamlines - When the custom pattern is chosen, another option is available. if plot streamlines is chosen, then the streamlines are plotted to the screen.  A screen capture utility such as Grab from WordPerfect can be used to capture the streamlines.
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Advanced Options are also provided.
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These include:



Number of Layers. The default is 5.
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At least 3 layers should be used for the Dykstra-Parsons coefficient to be effective. increasing the number of layers has a significant effect on recovery when the number of layers is between 1 and 5.  However, increasing the number of layers past 5 generally has only a small effect on production.  Increasing the number of layers increases the program execution time.



Miscible Rel Perm, Krm. The form of the miscible phase relative permeability, Krm, must be selected. The equations defining Krm were provided above in the section discussing the relative permeability equations.
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�Mixing Parameter. The mixing parameter, Omega, determines the effective viscosity of the solvent and oil. If the mixing parameter is set to 0.0, then there is no mixing and the solvent and oil viscosities are equal to their individual immiscible values. If the mixing parameter is set to 1.0, then there is complete mixing, and the oil and solvent viscosities are made equal. The default value for Omega is 0.666 and can be changed in the advanced options menu.
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Solvent Rel Perm, Krs.  A panel is provided for changing the solvent relative permeability. The default values for the solvent relative permeability are based on the gas relative permeability values.
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�The gas values are not necessarily the same as those for the solvent; therefore this panel is provided for changing the following values:



Krsmax	-	the maximum solvent relative permeability



Ssr 	-	the residual solvent relative permeability



Sorm 	-	the residual oil saturation to solvent



Exps 	-	The solvent relative permeability curve exponent



�RUNNING THE PROGRAM





CO2 Prophet is started by typing PROPHET at the DOS prompt.  This will bring up the standard user interface which has the input menus and panels. The required input data can be entered using the panels.



After all the input data has been entered, CO2 Prophet can be executed by selecting Do It from the bottom menu.



Alternatively, CO2 Prophet can be executed by editing the file Indata so that it has the desired input variables and then typing CO2 at the DOS prompt. This procedure is given in more detail in Appendix D.



Instructions for installing CO2 Prophet are provided in Appendix E.

�OUTPUT





CO2 Prophet creates several output files. These are ASCII files which can be imported into spreadsheets and graphics programs. The files include:



OUTPUT 	-	a file of production data supplied in terms of hydrocarbon pore volumes (HCPV). Four columns (all in terms of HCPV) are provided; they are:



Injected total

Oil produced

CO2 produced

Water produced



LABELOUT	-	a complete output file

		This file includes a summary of the input data, cumulative injection and production data, and incremental injection and production data. The data is organized by time rather than by hydrocarbon pore volumes.



DIGITOUT	-	an ASCII file specifically for import into any spreadsheet

This file includes the same production information as LABELOUT except that it is in a series of columns with headings.



INDATA 	-	an ASCII input file actually used in running the program

This file is generated by the input portion of CO2 Prophet.



Samples of these files are provided in Appendix C.  These output files were generated with the input data from the example panels in this manual.  Currently CO2 Prophet does not have plotting capabilities.



Whenever CO2 Prophet is executed, files with these same names are generated. If any of these output files are to be saved, they need to be renamed or moved to another disk location. Otherwise, they will be overwritten.



Two other files are created when CO2 Prophet is executed. These are INFO.RUN which provides additional information about a run such as the run times and ERROR.IN which provides error information in case a run failed.

�APPENDIX A

PRE-SET PATTERNS





FIVE-SPOT





The AREA entered as input to the model should correspond to the hatched area shown below.  The actual well injection rate should be used.





�EMBED MSDraw.1.01���









The partial area which is crosshatched below is actually simulated in the model.





�EMBED MSDraw.1.01���

�DIRECT LINE DRIVE



The AREA entered as input to the model should correspond to the hatched area shown below.  The actual well injection rate should be used.











�EMBED MSDraw.1.01���























The partial area which is crosshatched below is actually simulated in the model.











�EMBED MSDraw.1.01���







�MODIFIED SEVEN-SPOT







The AREA entered as input to the model should correspond to the hatched area shown below.  The actual well injection rate should be used.









�EMBED MSDraw.1.01���









The partial area which is crosshatched below is actually simulated in the model.
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�INVERTED NINE-SPOT



The AREA entered as input to the model should correspond to the hatched area shown below.  The actual well injection rate should be used.
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The partial area which is crosshatched below is actually simulated in the model.
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�REGULAR FOUR-SPOT





The AREA entered as input to the model should correspond to the hatched area shown below.  The hexagonal area should be used.  the triangular area is one-half the hexagonal one.  The actual well injection rate should be used.
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The partial area which is crosshatched below is actually simulated in the model.
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�APPENDIX B  

MIXING PARAMETER EQUATIONS





The mixing parameter  (  is used to adjust the viscosities of the solvent and the oil.



The effective solvent viscosity  (se  is given by



�EMBED Equation.3���	B-1





The effective oil viscosity  (oe  is given by



�EMBED Equation.3���	B-2





(  is a parameter which adjusts the degree of miscibility and is defined by Equations 15, 16, and 17 in the main text.



(s  is the solvent viscosity, and   (o  is the oil viscosity.  (sm  is the mixed solvent viscosity and is defined by



	�EMBED Equation.3���	B-3





(om  is the mixed oil viscosity and is defined by



�EMBED Equation.3���	B-4





The mixed viscosity  (m  is defined by



�EMBED Equation.3���	B-5





Omega can be varied between 0.0 and 1.0.  A value of 0.0 means no mixing between the solvent and oil while a value of 1.0 indicates complete mixing.



�APPENDIX C

OUTPUT FILES



Labelout



West Texas Five Spot





***************  RESERVOIR DATA  ***************



	PRESSURE			PATTERN

TEMP	OPERATING	MMP	POROSITY	THICKNESS	AREA

   F	PSIA	PSIA	FRACTION	FEET	ACRES

100.0	2000.0	1200.0	0.2000	116.8	10.00



	INITIAL HC

	FLOOD START SATURATIONS	PORE VOLUME	DYKSTRA-

OIL	WATER	GAS	HCPV - OOIP	PARSONS	HORIZONTAL

SOINIT	SWINIT	SGINIT	MMRB	FACTOR	LAYERS

0.8500	0.1500	0.0000	1.5401	0.7000	5





***************  FLUID DATA  ***************

					

STOCK	SOLUTION	SPECIFIC	FORMATION VOLUME FACTOR

TANK OIL	GOR	GRAVITY	OIL	WATER	SOLVENT

GRAVITY	(Rs)	SG	Bo	Bw	Bco2

	API	ft3/STB	(Air=1.0)	RB/STB	RB/STB	RB/MMSCF

	26.0	500.0	  0.7000	1.4000	1.0067	428.243



FLUID DENSITIES AT RES T&P�FLUID VISCOSITIES	AT RES T&P�WATER��RES OIL�WATER�SOLVENT�OIL�WATER�SOLVENT�SALINITY��GMS/CC�GMS/CC�GMS/CC�cp�cp�cp�ppm��0.6952�1.0633�0.7778�2.000�0.800�0.078�100000.��



**********RELATIVE PERMEABILITY PARAMETERS **********



WTR FLD�GAS FLD�MISC FLD�����SORW�SORG�SORM�����0.3000�0.3700�0.0010������������SGR�SSR��SWC�SWIR���0.3700�0.3700��0.1500�0.1500����������KROCW�KWRO�KRSMAX�KRGCW����0.8000�0.6000�0.4000�0.4000�����������EXPOW�EXPW�EXPS�EXPG�EXPOG���2.000�2.000�2.000�2.000�2.000����������MIX PARAMETER������OMEGA�	MISCIBLE RELATIVE PERMEABILITY����0.6660�	AVERAGE OF Krow AND Krg����



***********  INJECTION/PRODUCTION PARAMETERS ********* 





�����OUTPUT���INJECTION SEQUENCES�WAG EXPRESSED

AS TIME OR VOL�PATTERN TYPE�INJECTION WELLS�TIME STEPS YEARS���4�T�5S�1�1.000�������������������������������AVGE (TOTAL WELLS)���CUM.�INCRE�CUM.�SEQUENCE�INJECTION�FLUID���INJECT�TIME�TIME�RATE�FRACTIONAL�CONTENT�WAG��HCPV�YEARS�YEARS�RB/D�WATER�SOLVENT�WTR:GAS��1.0000�8.377�  8.377�503.38�1.0000�0.0000�.1000E+07��1.2000�1.969�10.346�428.25�0.0000�1.0000�.0000E+00��1.6351�3.939�14.284�465.82�0.5403�0.4597�.1175E+01��2.0351�3.351�17.635�503.38�1.0000�0.0000�.1000E+07�����������������������TOTAL PATTERN��INCRE�CUM.�AVGE RATE FOR PATTERN�SURFACE RATES��TIME�TIME�**********SEQUENTIAL**********�WATER�SOLVENT��YEARS�YEARS�RB/D�HCPV/D�HCPV/YR�STB/D�MMSCF/D��8.377�  8.377�503.38�0.32684E-03�0.11938�500.0�0.00��1.969�10.346�428.25�0.27806E-03�0.10156�    0.0�1.00��3.939�14.284�465.82�0.30245E-03�0.11047�500.0�1.00��3.351�17.635�503.38�0.32684E-03�0.11938�500.0�0.00��



*****INJECTION **** INJECTION **** INJECTION  ********* INJECTION **** INJECTION





SUMMARY OF FLUID INJECTION 

CUMULATIVE DATA



	TIME	**************HCPV INPUT**************	WATER	SOLVENT

	YRS	TOTAL 	WATER	SOLVENT		MSTB	  MMSCF



	0.000	0.0000	0.0000 	 0.0000	0.0	0.0

	1.000	0.1194	0.1194  	0.0000	182.6	0.0

	2.000	0.2388	0.2388  	0.0000	365.3	0.0

	3.000	0.3581	0.3581  	0.0000	547.9	0.0

	4.000	0.4775	0.4775  	0.0000	730.5	0.0

	5.000	0.5969	0.5969  	0.0000	913.1	0.0

	6.000	0.7163	0.7163  	0.0000	1095.8	0.0

	7.000	0.8357	0.8357  	0.0000	1278.4	0.0

	8.000	0.9550	0.9550  	0.0000	1461.0	0.0

	8.377	1.0000	1.0000  	0.0000	1529.8	0.0

	9.000	1.0633	1.0000  	0.0633	1529.8	227.7

	10.000	1.1649	1.0000  	0.1649	1529.8	592.9

	10.346	1.2000	1.0000  	0.2000	1529.8	719.3

	11.000	1.2723	1.0390  	0.2332	1589.5	838.7

	12.000	1.3827	1.0987  	0.2840	1680.9	1021.4

	13.000	1.4932	1.1584  	0.3348	1772.2	1204.0

	14.000	1.6037	1.2181  	0.3856	1863.5	1386.6

	14.284	1.6351	1.2351	0.4000	1889.5	1438.6

	15.000	1.7205	1.3205	0.4000	2020.1	1438.6

	16.000	1.8399	1.4399	0.4000	2202.8	1438.6

	17.000	1.9593	1.5593	0.4000	2385.4	1438.6

	17.635	2.0351	1.6351	0.4000	2501.4	1438.6





 ***PRODUCTION ***** PRODUCTION ***** PRODUCTION ***** PRODUCTION***





SUMMARY OF FLUID PRODUCTION

CUMULATIVE DATA



		********************* HCPV OUTPUT ********************			RECOVERY

  TIME		     HYDROCARBON PORE VOLUMES OUTPUT	RECOVERY	 %  OF  INJECTANT

	   YRS	TOTAL	OIL	 WATER	SOLVENT	 %OOIP	WATER	SOLVENT

	0.000	0.0000	0.0000	0.0000	0.0000	0.00	0.00	0.00

	1.000	0.1194	0.1193	0.0001	0.0000	11.93	0.11	0.00

	2.000	0.2388	0.2098	0.0289	0.0000	20.98	12.12	0.00

	3.000	0.3581	0.2686	0.0896	0.0000	26.86	25.01	0.00

	4.000	0.4775	0.3107	0.1668	0.0000	31.07	34.94	0.00

	5.000	0.5969	0.3436	0.2533	0.0000	34.36	42.43	0.00

	6.000	0.7163	0.3697	0.3466	0.0000	36.97	48.39	0.00

	7.000	0.8357	0.3910	0.4446	0.0000	39.10	53.21	0.00

	8.000	0.9550	0.4091	0.5460	0.0000	40.91	57.17	0.00

	8.377	1.0000	0.4151	0.5849	0.0000	41.51	58.49	0.00

	9.000	1.0633	0.4232	0.6402	0.0000	42.32	64.02	0.00

	10.000	1.1649	0.4414	0.7127	0.0108	44.14	71.27	6.57

	10.346	1.2000	0.4503	0.7257	0.0241	45.03	72.57	12.04

	11.000	1.2723	0.4672	0.7497	0.0554	46.72	72.16	23.74

	12.000	1.3827	0.4946	0.7906	0.0975	49.46	71.96	34.32

	13.000	1.4932	0.5199	0.8391	0.1341	51.99	72.44	40.07

	14.000	1.6037	0.5419	0.8916	0.1702	54.19	73.19	44.14

	14.284	1.6351	0.5477	0.9068	0.1805	54.77	73.42	45.12

	15.000	1.7205	0.5634	0.9521	0.2050	56.34	72.10	51.25

	16.000	1.8399	0.5815	1.0378	0.2205	58.15	72.08	55.14

	17.000	1.9593	0.5955	1.1351	0.2285	59.55	72.80	57.13

	17.635	2.0351	0.6031	1.1999	0.2320	60.31	73.39	57.99





	CUMULATIVE

	ER OIL	  OIL   	WATER  	HC GAS	SOLVENT	    GOR	   WOR

	YRS	%OOIP	MSTB	MSTB	MMSCF	MMSCF	MSCF/STB	 STB/STB

	0.000	0.00	0.0	0.0	0.0	0.0 	0.000E+00  	0.000E+00

	1.000	11.93	131.2	0.2	65.6	0.0 	0.500E+00  	0.151E-02

	2.000	20.98	230.8	44.3	115.4	0.0 	0.500E+00  	0.192E+00

	3.000	26.86	295.4	137.0	147.7	0.0 	0.500E+00  	0.464E+00

	4.000	31.07	341.8	255.2	170.9	0.0 	0.500E+00  	0.747E+00

	5.000	34.36	378.0	387.5	189.0	0.0 	0.500E+00  	0.102E+01

	6.000	36.97	406.7	530.2	203.3	0.0 	0.500E+00  	0.130E+01

	7.000	39.10	430.2	680.2	215.1	0.0 	0.500E+00  	0.158E+01

	8.000	40.91	450.0	835.2	225.0	0.0 	0.500E+00  	0.186E+01

	8.377  	41.51	456.7	894.7 	 228.3	0.0 	0.500E+00  	0.196E+01

	9.000	42.32	465.5	979.3	232.8	0.0	0.500E+00	0.210E+01

	10.000	44.14	485.6	1090.2	242.8	38.9	0.580E+00	0.225E+01

	10.346	45.03	495.3	1110.1	247.7	86.6	0.675E+00	0.224E+01

	11.000	46.72	513.9	1147.0	257.0	199.1	0.887E+00	0.223E+01

	12.000	49.46	544.1	1209.5	272.1	350.6	0.114E+01	0.222E+01

	13.000	51.99	572.0	1283.7	286.0	482.4	0.134E+01	0.224E+01

	14.000	54.19	596.1	1363.9	298.1	612.0	0.153E+01	0.229E+01

	14.284	54.77	602.6	1387.3	301.3	649.1	0.158E+01	0.230E+01

	15.000	56.34	619.8	1456.5	309.9	737.2	0.169E+01	0.235E+01

	16.000	58.15	639.7	1587.6	319.9	793.2	0.174E+01	0.248E+01

	17.000	59.55	655.2	1736.6	327.6	821.9	0.175E+01	0.265E+01

	17.635	60.31	663.4	1835.7	331.7	834.3	0.176E+01	0.277E+01





***************************************************************************





SUMMARY OF FLUID PRODUCTION

INCREMENTAL DATA



	****************HCPV OUTPUT ****************	OIL

     TIME	       HYDROCARBON  PORE  VOLUMES 	OUTPUT  	 RECOVERY

	 YRS	TOTAL	OIL	WATER	 SOLVENT	%OOIP

	0.000	0.0000	0.0000	0.0000	0.0000	0.00

	1.000	0.1194	0.1193	0.0001	0.0000	11.93

	2.000	0.1194	0.0906	0.0288	0.0000	9.06

	3.000	0.1194	0.0587	0.0606	0.0000	5.87

	4.000	0.1194	0.0421	0.0773	0.0000	4.21

	5.000	0.1194	0.0330	0.0864	0.0000	3.30

	6.000	0.1194	0.0261	0.0933	0.0000	2.61

	7.000	0.1194	0.0213	0.0980	0.0000	2.13

	8.000	0.1194	0.0181	0.1013	0.0000	1.81

	8.377	0.0450	0.0061	0.0389	0.0000	0.61

	9.000	0.0633	0.0080	0.0553	0.0000	0.80

	10.000	0.1016	0.0182	0.0725	0.0108	1.82

	10.346	0.0351	0.0089	0.0130	0.0133	0.89

	11.000	0.0723	0.0169	0.0241	0.0313	1.69

	12.000	0.1105	0.0275	0.0409	0.0421	2.75

	13.000	0.1105	0.0253	0.0485	0.0367	2.53

	14.000	0.1105	0.0220	0.0524	0.0360	2.20

	14.284	0.0314	0.0058	0.0153	0.0103	0.58

	15.000	0.0854	0.0157	0.0452	0.0245	1.57

	16.000	0.1194	0.0181	0.0857	0.0156	1.81

	17.000	0.1194	0.0140	0.0973	0.0080	1.40

	17.635	0.0756	0.0075	0.0648	0.0034	0.75







	INCREMENTAL

	ER OIL	OIL	 WATER  	HC GAS 	SOLVENT	    GOR	   WOR

	YRS	%OOIP	MSTB	MSTB  	MMSCF	 MMSCF	MSCF/STB	 STB/STB

	0.000	0.00	0.0	0.0	0.0	0.0 	0.000E+00	0.000E+00

	1.000	11.93	131.2	0.2	65.6	0.0 	0.500E+00	0.151E-02

	2.000	9.06	99.6	44.1	49.8	0.0	0.500E+00	0.442E+00

	3.000	5.87	64.6	92.8	32.3	0.0 	0.500E+00  	0.144E+01

	4.000	4.21	46.3	118.2	23.2	0.0	0.500E+00	0.255E+01

	5.000	3.30	36.3	132.2	18.1	0.0	0.500E+00	0.365E+01

	6.000	2.61	28.7	142.8	14.3	0.0	0.500E+00	0.498E+01

	7.000	2.13	23.5	150.0	11.7	0.0	0.500E+00	0.639E+01

	8.000	1.81	19.9	155.0	9.9	0.0	0.500E+00	0.781E+01

	8.377	0.61	6.7	59.5	3.3	0.0	0.500E+00	0.893E+01

	9.000	0.80	8.8	84.6	4.4	0.0	0.500E+00	0.959E+01

	10.000	1.82	20.1	110.9	10.0	38.9	0.244E+01	0.553E+01

	10.346	0.89	9.8	19.9	4.9	47.7	0.538E+01	0.204E+01

	11.000	1.69	18.6	36.9	9.3	112.5	0.655E+01	0.198E+01

	12.000	2.75	30.2	62.5	15.1	151.5	0.551E+01	0.207E+01

	13.000	2.53	27.8	74.2	13.9	131.8	0.524E+01	0.267E+01

	14.000	2.20	24.2	80.2	12.1	129.6	0.586E+01	0.332E+01

	14.284	0.58	6.4	23.3	3.2	37.1	0.626E+01	0.363E+01

	15.000	1.57	17.3	69.2	8.6	88.1	0.561E+01		0.401E+01

	16.000	1.81	19.9	131.2	9.9	55.9	0.331E+01		0.659E+01

	17.000	1.40	15.4	148.9	7.7	28.8	0.236E+01		0.965E+01

	17.635	0.75	8.3	99.1	4.1	12.4	0.199E+01		0.120E+02





Output



	0.0160423	0.0160423	0.0000000	0.0000000

	0.0320846	0.0320846	0.0000000	0.0000000

	0.0481269	0.0481269	0.0000000	0.0000000

	0.0641692	0.0641692	0.0000000	0.0000000

	0.0802116	0.0802116	0.0000000	0.0000000

	0.0962539	0.0962539	0.0000000	0.0000000

	0.1129962	0.1122962	0.0000000	0.0000000

	0.1283385	0.1280455	0.0000000	0.0002930

	0.1443808	0.1425556	0.0000000	0.0018252

	0.1604231	0.1559255	0.0000000	0.0044976

	0.1764654	0.1683348	0.0000000	0.0081307

	0.1925077	0.1799093	0.0000000	0.0125984

	0.2085501	0.1908289	0.0000000	0.0177212

	0.2245924	0.2011847	0.0000000	0.0234077

	0.2406347	0.2109742	0.0000000	0.0296605

	0.2566770	0.2203997	0.0000000	0.0362773

	0.2727193	0.2293237	0.0000000	0.0433956

	0.2887616	0.2376443	0.0000000	0.0511173

	0.3048039	0.2455760	0.0000000	0.0592279

	0.3208462	0.2530373	0.0000000	0.0678089

	0.3368886	0.2599425	0.0000000	0.0769460

	0.3529309	0.2665027	0.0000000	0.0864282

	0.3689732	0.2728594	0.0000000	0.0961138

	0.3850155	0.2789416	0.0000000	0.1060739

	0.4010578	0.2848563	0.0000000	0.1162015

	0.4171001	0.2905743	0.0000000	0.1265258

	0.4331424	0.2905743	0.0000000	0.1370258

	0.4491847	0.3015264	0.0000000	0.1476583

	0.4652271	0.3068032	0.0000000	0.1584238

	0.4812694	0.3118531	0.0000000	0.1694163

	0.4973117	0.3167307	0.0000000	0.1805810

	0.5133540	0.3214934	0.0000000	0.1918606

	0.5293963	0.3260735	0.0000000	0.2033228

	0.5454386	0.3304460	0.0000000	0.2149926

	0.5614809	0.3346974	0.0000000	0.2267835

	0.5775232	0.3388049	0.0000000	0.2387184

	0.5935656	0.3428121	0.0000000	0.2507535

	0.6096079	0.3467333	0.0000000	0.2628746

	0.6256502	0.3504878	0.0000000	0.2751624

	0.6416925	0.3540886	0.0000000	0.2876039

	0.6577348	0.3575897	0.0000000	0.3001451

	0.6737771	0.3610096	0.0000000	0.3127675

	0.6898194	0.3643406	0.0000000	0.3254788

	0.7058617	0.3676034	0.0000000	0.3382584

	0.7219041	0.3708205	0.0000000	0.3510836

	0.7379464	0.3739713	0.0000000	0.3639751

	0.7539887	0.3769807	0.0000000	0.3770080

	0.7700310	0.3798592	0.0000000	0.3901718

	0.7860733	0.3826642	0.0000000	0.4034091

	0.8021156	0.3854164	0.0000000	0.4166992

	0.8181579	0.3881184	0.0000000	0.4300395

	0.8342002	0.3907902	0.0000000	0.4434100

	0.8502426	0.3934162	0.0000000	0.4568264

	0.8662849	0.3959617	0.0000000	0.4703232

	0.8823272	0.3984242	0.0000000	0.4839030

	0.8983695	0.4008358	0.0000000	0.4975337

	0.9144118	0.4032123	0.0000000	0.5111995

	0.9304541	0.4055586	0.0000000	0.5248955

	0.9464964	0.4073774	0.0000000	0.5386191

	0.9625387	0.4101366	0.0000000	0.5524022

	0.9785811	0.4123233	0.0000000	0.5662578

	0.9946234	0.4144439	0.0000000	0.5801795

	1.0091093	0.4163165	0.0000000	0.5927928

	1.0227572	0.4180793	0.0000000	0.6046780

	1.0364051	0.4198249	0.0000000	0.6165802

	1.0500531	0.4215340	0.0000000	0.6285191

	1.0637010	0.4232017	0.0000000	0.6404992

	1.077489	0.4248328	0.0000000	0.6525161

	1.0909968	0.4264258	0.0000000	0.6645709

	1.1046447	0.4281133	0.0001167	0.6764145

	1.1182926	0.4304111	0.0010387	0.6868424

	1.1319405	0.4332746	0.0028571	0.6958082

	1.1455884	0.4364892	0.0055354	0.7035628

	1.1592363	0.4399350	0.0090553	0.7102451

	1.1728842	0.4434505	0.0133436	0.7160891

	1.1865321	0.4469321	0.0184016	0.7211972

	1.2001801	0.4503083	0.0241563	0.7257137

	1.2150252	0.4538851	0.0309949	0.7301435

	1.2298703	0.4573296	0.0375410	0.7349976

	1.2447154	0.4608134	0.0438931	0.7400068

	1.2595605	0.4642774	0.0501522	0.7451288

	1.2744056	0.4676364	0.0562372	0.7505288

	1.2892507	0.4711957	0.0623354	0.7557163

	1.3040958	0.4748562	0.0685794	0.7606559

	1.3189409	0.4785291	0.0747139	0.7656936

	1.3337861	0.4821513	0.0802977	0.7713316

	1.3486312	0.4859684	0.0856465	0.7770108

	1.3634763	0.4897583	0.0908735	0.7828385

	1.3783214	0.4935331	0.0959820	0.7888003

	1.3931665	0.4972109	0.1010260	0.7949226

	1.4080116	0.5008272	0.1059635	0.8012139

	1.4228567	0.5043841	0.1109366	0.8075291

	1.4377018	0.5078075	0.1158053	0.8140809

	1.4525469	0.5111852	0.1207327	0.3206209

	1.4673921	0.5144742	0.1256163	0.8272934

	1.4822372	0.5176390	0.1304811	0.8341086

	1.4970823	0.5207377	0.1354325	0.8409015

	1.5119274	0.5238347	0.1403314	0.8477494

	1.5267725	0.5268771	0.1451560	0.8547274

	1.5416176	0.5298449	0.1500070	0.8617528

	1.5564627	0.5327542	0.1548842	0.3688094

	1.5713078	0.5356645	0.1597260	0.8759015

	1.5861529	0.5385512	0.1645075	0.8830781

	1.6009981	0.5413934	0.1693126	0.8902731

	1.6158432	0.5441812	0.1741484	0.8974945

	1.6306883	0.5469399	0.1790442	0.9046852

	1.6463714	0.5498047	0.1842118	0.9123353

	1.6624137	0.5527418	0.1894576	0.9201909

	1.6784561	0.5557405	0.1947068	0.9279853

	1.6944984	0.5587577	0.1992720	0.9364451

	1.7105407	0.5616780	0.2029983	0.9458404

	1.7265830	0.5644873	0.2062009	0.9558675

	1.7426253	0.5671900	0.2090166	0.9663915

	1.7586676	0.5698046	0.2115112	0.9773246

	1.7747099	0.5722977	0.2137190	0.9886660

	1.7907522	0.5746807	0.2156804	1.0003627

	1.8067946	0.5769758	0.2174283	1.0123586

	1.8228369	0.5792015	0.2190128	1.0245887

	1.8388792	0.5813787	0.2204577	1.0370090

	1.8549215	0.5834829	0.2217983	1.0496064

	1.8709638	0.5855079	0.2230334	1.0623887

	1.8870061	0.5874639	0.2242038	1.0753042

	1.9030484	0.5893586	0.2252867	1.0883681

	1.9190907	0.5911923	0.2262958	1.1015642

	1.9351331	0.5929646	0.2272295	1.1148973

	1.9511754	0.5946923	0.2281122	1.1283263

	1.9672177	0.5963815	0.2289583	1.1418310

	1.9832600	0.5980294	0.2997497	1.1554304

	1.9993023	0.5996367	0.2304886	1.1691194

	2.0153446	0.6012055	0.2311903	1.1828824

	2.0313869	0.6027343	0.2318379	1.1967365

	2.0474292	0.6042289	0.2324522	1.2106554

	2.0634716	0.6056910	0.2330319	1.2246419

	2.0795139	0.6071230	0.2335760	1.2386925



�APPENDIX D

RUNNING CO2 PROPHET FROM THE INPUT FILE





The required input data for CO2 Prophet can be entered by editing the input file INDATA instead of entering data on the input screens.  A full screen editor such as EDIT in DOS 5.0 can be used to modify the INDATA file.  Any full screen ASCII editor will work.  The program is then executed by saving the modified INDATA file and then typing CO2.



The same information must be provided in the INDATA file as in the data entry screens but in a somewhat different form. The identical output files generated.



A sample INDATA file which corresponds to the input panels in the manuals is provided below





'West Texas Five Spot'

‘**********  WELL AND PATTERN DATA  *********

'PATTRN'

'5S’

'NWELLS      NOINJ'

2,	1

'WELLX     WELLY     WELLQ'

0,	0,    	 1

1,	1,  	-1

'NBNDPT'

5

'BOUNDX      BOUNDY'

0,	0

0,	1

1,	1

1,	0

0,	0

'**********  PROGRAM CONTROLS  ************'

'LWGEN OUTTIM'

'N',   1

‘*******  RELATIVE PERMEABILITY PARAMETERS  ***'

'SORW     SORG     SORM'

0.3,	0.37, 	0.001

'SGR	SSR' 

0.37,	0.37

'SWC	SWIR'

0.15,	0.15

'KROCW     KWRO     KRSMAX     KRGCW'

0.8,	0.6,       0.4,         0.4

'EXPOW     EXPW       EXPS        EXPG       EXPOG' 

2,         2,          2,           2,          2

'KRMSEL W' 

1,          0.666

‘******************* FLUID DATA  ***************’

'VISO	VISW'

2,	0.8

'BO	RS	API           SALN	CSG'

1.4,	500,	26,          100000,	0.7

****************  RESERVOIR DATA  *************

'TRES	P	MMP'

100,	2000, 	1200

'DPCOEF  PERMAV   THICK	POROS 	NLAYERS'

0.7,	10,	116.770648,    0.2,	5

'SOINIT   SGINIT   SWINIT'

0.85,     0,        0.15 

'AREA      XKVH' 

435600,    0.1

************** INJECTION PARAMETERS ************

'NTIMES     WAGTAG'

4,	‘T’

'HCPVI          WTRRAT         SOLRAT      TMORVL'

1,	500,	0,	1

0.2,	0,	1,	0

0.2,	500,	1,	0.5

0.4,	500,	0,	1



Commas are required to separate all entries On a line. Apostrophes are required on each side of a character variable. The numerical or character entries do not have to be directly below the variable name.



All of these variables are required. A definition for these variables is provided in the following list:



API - REAL	=	API GRAVITY OF OIL, DEG API

AREA - REAL	=	PATTERN AREA IN SQ FT

BO - REAL	=	OIL FORMATION VOLUME FACTOR, RB/STB

BOUNDX - REAL	=	ARRAY OF FIELD BOUNDARY X VERTEX VALUES

BOUNDY - REAL	=	ARRAY OF FIELD BOUNDARY Y VERTEX VALUES

DPCOEF - REAL	=	DYKSTRA-PARSONS COEFFICIENT IN THE PRODUCTION ZONE

EXPG - REAL	=	EXPONENT FOR GAS CURVE FROM GAS-OIL RELATIVE PERMEABILITY

EXPOG - REAL	=	EXPONENT FOR OIL CURVE FROM GAS-OIL RELATIVE PERMEABILITIES

EXPS - REAL	=	EXPONENT FOR SOLVENT FROM RELATIVE PERMEABILITY CURVE

EXPW - REAL	=	EXPONENT FOR WATER CURVE FROM WATER-OIL RELATIVE PERMEABILITIES

EXPOW - REAL	=	EXPONENT FOR OIL CURVE FROM WATER-OIL RELATIVE PERMEABILITIES

GSG - REAL	=	GAS SPECIFIC GRAVITY (WRT AIR)  

HCPVI - REAL	=	INCREMENTAL HYDROCARBON PORE VOLUMES INJECTED. (DURING WAG THIS IS THE AMOUNT OF CO2 INJECTED)

KRGCW - REAL	=	RELATIVE PERMEABILITY OF GAS AT CONNATE WATER SATURATION

KRMSEL - INT	=	OPTIONS FOR MISCIBLE OLEIC PHASE PERMEABILITY

	0 = USE LINEAR VARIATION BETWEEN SOLVENT AND OIL RELATIVE PERMEABILITY,

	1 = USE AVERAGE OF OIL AND GAS RELATIVE PERMEABILITY, AND

	2= USE ONLY OIL RELATIVE PERMEABILITY.

KROCW - REAL	=	RELATIVE PERMEABILITY OF OIL AT CONNATE WATER SATURATION

KRSMAX - REAL	=	END POINT RELATIVE PERMEABILITY OF SOLVENT AT A SOLVENT SATURATION OF 1 - SWIR - SORM

KWRO - REAL	=	RELATIVE PERMEABILITY OF WATER AT RESIDUAL OIL - NO GAS SATURATION

LWGEN - CHAR	=	'Y' (YES) OR 'N’(NO) TO SELECT WHETHER STREAMTUBES ARE GENERATED.  SELECT 'P' TO GENERATE STREAMTUBES AND PLOT TO THE SCREEN.

MMP - REAL	=	OIL MINIMUM (MULTI-CONTACT) MISCIBILITY PRESSURE, PSIA

NBNDPT - NT	=	NUMBER OF FIELD BOUNDARY VERTICES

NOINJW - INT	=	NUMBER OF INJECTION WELLS IN THE FIELD

NTIMES - INT	=	NUMBER OF INJECTION PERIODS

NWELLS - INT	=	NUMBER OF WELLS INCLUDING INJECTION AND PRODUCTION WELLS IN THE FIELD

�OUTTIM - REAL	=	TIME INCREMENT FOR OUTPUT, YEARS. THE VALUES ARE:

OUTTIM 	DATA

1     	YEARLY

0.5     	SEMI-ANNUALLY

	0.25     	QUARTERLY

	0.083    	MONTHLY

P - REAL	=	RESERVOIR PRESSURE

PATTRN - CHAR	=	TYPE OF PATTERN

5S	=	5 SPOT 7S  =  7 SPOT

9S	=	9 SPOT LD  =  LINE DRIVE

CS	= 	CUSTOM 2S  =  2 SPOT

PERMAV - REAL	=	AVERAGE PERMEABILITY OF THE RESERVOIR PRODUCTION ZONE

POROS - REAL	=	ACTUAL POROSITY OF FIELD

RS - REAL	=	SOLUTION GAS-OIL RATIO, SCF/STB

SALN -REAL	=	WATER SALINITY, PPM

SGINIT -REAL		INITIAL GAS SATURATION VALUE IN ALL SEGMENTS

SGR - REAL	=	RESIDUAL GAS SATURATION

SOINIT-REAL	=	INITIAL OIL SATURATION VALUE IN ALL SEGMENTS

SOLRAT - REAL	=	INJECTION PATH OF SOLVENT IN SURFACE UNITS (MMSCF/D)

SORG - REAL	=	RESIDUAL OIL SATURATION TO GAS

SORM - REAL	=	RESIDUAL OIL SATURATION TO MISCIBLE GAS SOLVENT FLOOD

SORW - REAL	=	RESIDUAL OIL SATURATION TO WATER

SSR - REAL		RESIDUAL SOLVENT SATURATION

SWINIT - REAL	=	INITIAL WATER SATURATION VALUE IN ALL SEGMENTS

SWC - REAL	=	CONNATE WATER SATURATION

SWIR - REAL		IRREDUCIBLE WATER SATURATION AS WATER SATURATION IS DECREASING

THICK - REAL	=	NET PAY OF RESERVOIR

TMORVL - REAL	=	FRACTION OF INJECTION WHICH IS WATER.  IF WAGTAG IS 'T', THEN TMORVL IS THE FRACTION OF WATER IN TERMS OF TIME.  IF WAGTAG IS 'V', THEN TMORVL IS IN TERMS OF PORE VOLUME.

TRES - REAL	=	RESERVOIR TEMPERATURE

VISG -REAL	=	VISCOSITY OF GAS SOLVENT

VISO -REAL	=	VISCOSITY OF OIL

VISW -REAL	=	VISCOSITY OF WATER

W - REAL	=	DEGREE OF MIXING PARAMETER - RANGES FROM 0.0 TO 1.0

XKVH -REAL	=	RATIO OF VERTICAL TO HORIZONTAL PERM

WAGTAG - CHAR	=	SWITCH WHICH DETERMINES THE FOLLOWING:  IF ‘T’ - TMORVL IS IN TERMS OF TIME.  IF 'V' - TMORVL IS IN TERMS OF PORE VOLUME.

WELLX - REAL	=	ARRAY OF X WELL LOCATIONS IN THE FIELD

WELLY - REAL	=	ARRAY OF Y WELL LOCATIONS IN THE FIELD

WELLQ - REAL	=	ARRAY OF WELL INPUT AND OUTPUT RATES USED TO DETERMlNE THE LOCATIONS OF THE IMAGE WELLS AND TO CREATE THE STREAMLINES BETWEEN INJECTION AND PRODUCTION WELLS

WTRRAT REAL	=	INJECTION RATE OF WATER IN SURFACE UNITS (SURF BBL/D)



CHAR indicates a character variable, INT indicates an integer variable, and REAL indicates a real variable.

Most of the variables are defined in the manual, but some additional definitions and clarifications are necessary.



Pre Set Patterns



To use the pre-set patterns one of the following character variables must be entered under PATTRN:



	'2S'	-	Two spot

	'4S'	-	Four spot

	'5S'	-	Five spot

	'LD'	-	Line drive

	'7S'	-	Seven spot

	'9S'	-	Nine spot



Also, LWGEN must be set to ‘N’. 



When the



	Two spot, Five spot, or Line drive



patterns are chosen, the rest of the well and pattern information is the same. 



When the



	Four spot, Seven spot, and Nine spot



patterns are chosen, the following well and pattern information should be entered:



'NWELLS     NOINJ'

3,    1

'WELLX     WELLY     WELLQ'

0,	0,	 1

1,	1,	-0.5

0,	1,	-0.5



'NBNDPT'

5

'BOUNDX      BOUNDY'

0,	0

0,	1

1,	1

1,	0

0,	0



This data is not really used for the pre-set patterns but is required for PC Prophet to run because these patterns have two production wells.





Custom Pattern



To run the custom pattern, 'CS’, must be entered under PATTRN. The number of boundary points NBNDPT is one greater than the actual number of boundary points because the starting point is entered twice. The X and Y coordinates of the vertices of the pattern or reservoir, BOUNDX and BOUNDY, are entered in either clockwise or counter-clockwise fashion.  The starting point is also the ending point.  The coordinates should be entered in dimensionless form and should vary between 0.0 and 1.0.



The well locations in terms of X and Y coordinates, WELLX and WELLY, and the well flow rates, WELLQ, are also required.  WELLX and WELLY need to be within the pattern boundary  When WELLQ is positive, it is an injection rate, and when WELLQ is negative, it is a production rate.  The sum of the flow rates should be 0.0, and the rates should be dimensionless with a magnitude of about one.  The ratios of all the well rates should be the same as for the rates entered elsewhere in the program.



When running a custom pattern the first time to generate streamtubes, LWGEN must be set to 'Y' or 'P'.  If it is set to 'Y', then streamtubes will be generated, but they will not be plotted to the screen. If LWGEN is set to 'P', then the streamtubes will be generated and plotted to the screen. A screen capture utility such as GRAB from WordPerfect can be used to capture the image of the streamtubes.  It is recommended that LWGEN be set to 'P' so that the user can verify that the proper streamtube pattern has been generated.



After the user is satisfied with the pattern generated, LWGEN is then set to 'N’ so that the streamtubes are no longer generated.  Also, the streamtube files can be saved with the following procedure:



Copy D:\PATH\ZZ*.* C:\PATH\ZZ*.C1.

where D:  is the drive on which the program files are located 

PATH is the subdirectory for the program files

C1 is a user chosen 2 character extension

The user can choose any two characters which have not already been used.



Set LWGEN to 'N’ and set PATTRN to 'C1', or any other two characters chosen, before executing the program again.



The streamtubes do not have to be regenerated when 'C1'(or any two character expression) is specified as the PATTRN variable.  An example for two injection wells and three production wells is as follows:



'Example'

'*********  WELL AND PATTERN DATA  *******'

‘PATTRN’

'CS’

'NWELLS     NOINJ'

5,          2

'WELLX  WELLY  WELLQ'

0.1,	0.1,	0.5

0.1,	0.7,	0.5

0.9,	0.9,	-0.33

0.725,	0.5,	-0.33

0.7,	0.1,	-0.34

'NBNDPT'

5

'BOUNDX       BOUNDY'

0,    	0

0,    	0.75

1.0,	1.0

0.75,	0

0,    	0



When more than one injection well is specified, injection rate information for more than one injection well is required also in the injection parameter section of the INDATA file.  An example for two injection wells is shown below.

�Additional Data Requirements



A title is required as the first item of input.



NTIMES is the number of injection periods. For example, for just a waterflood, NTIMES is 1. For a waterflood, followed by straight CO2, followed by WAG, followed by a waterdrive, NTIMES is 4.



HCPVI, WTRRAT, SOLRAT, WAGTAG are as discussed. TMORVL needs clarification.  It is the fraction of time or volume that water is being injected. This number is simple for periods in which only one fluid is injected.



For only water injection, the number is 1.0.



For only CO2 injection, the number is 0.0.



For WAG injection, the number is greater than 0.0 but less than 1.0.





The meaning of TMORVL depends on whether a time or volume basis is selected.  If a time basis is sleeted and this number is 0.6, then 60% of the time water is injected and 40% of the time CO2 is injected at the specified rates. If a volume basis is selected and this number is 0.6, then 60% (on a reservoir volume basis) of the total fluid injected is water and 40% is CO2. The injection rates are those specified.



A set of HCPVI, WTRRAT, SOLRAT, and TMORVL values must be provided for each injection well. Each time period must be repeated for each well. An example for two injection wells and four injection periods is as follows:



‘**********INJECTION PARAMETERS *********'

'NTIMES       WAGTAG'

4	‘T’

'HCPVI	WTRRAT	SOLRAT       TMORVL'

1,	500,	0,	1

0.2,	0,	1,	0

0.2,	500,	1,	0.5

0.4,	500,	0,	1

1,	500,	0,	1

0.2,	0,	1,	0

0.2,	500,	1,	0.5

0.4,	500,	0,	1



�APPENDIX E

INSTALLATION PROCEDURES





All the program and supporting files for CO2 Prophet are included on two disks. To install CO2 Prophet correctly use the following directions and guidelines.



Decide where you are going to put the program. CO2 Prophet needs to be installed on your hard disk in its own directory.  For instance, if you have most of your programs on hard disk drive D: you may wish to install CO2 Prophet there.  CO2 Prophet requires about 2.5 megabytes of space for installation and operation so take this into account when deciding which hard disk drive to use.



At the DOS prompt change to the disk drive you want to use by typing D: where D is the letter of the drive you want.



If you are not already there, change to the root directory by typing cd\ at the DOS prompt.



Make a new directory called PROPHET by typing md PROPHET.



Change to the new directory by typing cd\PROPHET.



Copy the files from both floppy disks by typing copy A:*.* where A is the drive letter where the disks are inserted.



To run CO2 Prophet change to the disk drive and directory where the program is installed and type PROPHET.



�APPENDIX F

NAVIGATING CO2 PROPHET



CO2 Prophet is menu driven and all menu choices can be entered with either the mouse or the keyboard.  In the following information, keyboard commands are given in full or by abbreviations. For instance:



RETURN	-	Return key

F10	-	F10 function key

ESC	-	escape

ALTB	-	press the Alt key and then the B key without releasing the Alt key



Clicking on an object means to position the mouse cursor on the object and click the left mouse button and release.





Exit the Title Screen



When the program starts a title screen appears and this window must be put away before the program can be used.  Any window can be put away, or exited, by pressing ESC or by clicking on the close button at the upper left corner of the window; so use one of these methods to continue with the program.  Exiting any screen in this manner simply puts the window away without accepting any changes entered.  While this has no meaning with the title window, later, if you have entered changes into a window and you decide not to change the values after all, this method of exiting will leave the original values in place.  Clicking on the large Cancel button at the bottom of most windows has the same effect.





Pull Down a Menu



After you put away the title screen you see a mostly empty screen with a menu at the top. This is called the base window. To select a menu item you can:



click on the menu item

Press F10 and then use the arrow keys and ENTER to select the menu item you wish

The menu items have a highlighted letter, for instance the Files menu item has a highlighted “F”.  Press ALTF to select this item. This works with any highlighted item. For example, Exit has a highlighted “x” so pressing ALTX will leave the program immediately.



You can now cruise through the menus and visit some of the data entry windows. Remember you can always exit by pressing ESC or by using the mouse to click Cancel or click on the close button on the upper left corner.





Enter Data



To change or enter data into a window is a very simple process.  First of all, ENTER accepts the changes made to data in the window and exits to the blank screen as does clicking on the OK button. To move between data entry fields press TAB or click on the data field. These two methods of moving around behave slightly differently, so let's start with an example.



Note:	From here on, only the keyboard method will be detailed for menus and it will be understood that the mouse can be used for general menu selection and picking items from lists.



From the base window press ALTD to enter the data menu.  Use the down arrow key to highlight Reservoir and press Enter.  The first reservoir data entry window opens and you can see several data fields with the first value highlighted.  Here is where the keyboard and mouse methods have different effects.



Keyboard:  Press TAB to highlight the Reservoir Temperature field.  Any value typed into this field will totally replace this value. Type 125 and press TAB.  The value of 125 has been entered into the Reservoir Temperature field and the next field Average Reservoir Pressure is highlighted. Now press the left arrow key six times to position the cursor just after the 2 in 2000.00.  Press 1 and the Delete key and then TAB to change the value to 2100.00.  Now the Minimum Miscibility Pressure field is highlighted.  Press the Insert key and notice that the cursor changed to a block cursor which signifies type over mode. Press the left arrow key five times to position the cursor just after the 2 of 1200.00 and press 50 and TAB.  The Minimum Miscibility Pressure is now 1250.00.  Press ALTO to select the OK button and the data is all processed and the next data entry window appears.



Note:	If an illegal value is entered (like 1oo instead of 100) there will be a short two toned beep and the same data window will appear. A correct numeric value must be entered for all fields before any data will be accepted.



Mouse:  If you are not there now, go to the second Reservoir Data window titled More Reservoir Data.  With the mouse, click on the 6 in the 26.00 in the API Gravity field. Notice that the cursor is positioned on the 6 and that you have the insert cursor. Enter 7 and press Delete to change the value to 27.00.  Clicking on any other field or the OK button will accept the value.  You can also press the lnsert key to change the cursor to a type over cursor and edit this way.  We will now change the Water Viscosity value.  Position the mouse pointer over the leading 0 in 0.800, press down the left mouse button and swipe over the entire number and release the mouse button.  This highlights the entire value for replacement.  Type 1.1 which replaces the former value. This value will be accepted if you click on any other field or the OK button to enter all the data in this window. Click on the OK button to accept all these values.  You are now back at the base window.





Radio Buttons



Some of the choices to be made are done by way of what are called radio buttons. We will now change the preset pattern used by CO2 Prophet.  Pull down the Pre-Set Patterns menu by pressing ALTP.  Select the Pattern item using the arrow keys and press RETURN.  You now see the patterns selection window.  Only one pattern can be used at any time so only one of these selections can be made.  The top entry, 5 spot, is highlighted and there is a dot showing that the 5 spot is selected. The up and down arrow keys select different patterns or the mouse can be used by clicking on the line of the item.  To select the Line Drive item press the down arrow key three times.  This moves the dot between the parentheses and highlights Line Drive.  Pressing ALTO or RETURN or clicking the OK button will verify this change and send you back to the base window.





�



�



�



�



�PAGE  �









�PAGE  �ii�





�PAGE  �51�







Read

Save



Exit       Alt-X



Prophet    File   Data    Saturations    Pre-Set Patterns    Custom Pattern     Options



Exit    Do It    F10 for Menu
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C:/CO2TST/*.SAV
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Save Data Files
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C:/CO2TST/*.SAV

WTFIVE.SAV  1371	Sep 21, 1992  12:12p



OK



Cancel



Reservoir

Specify OOIP

Calculate OOIP



Prophet    File   Data    Saturations    Pre-Set Patterns    Custom Pattern     Options



Exit    Do It    F10 for Menu



Prophet    File   Data    Saturations    Pre-Set Patterns    Custom Pattern     Options



Esc Exit,    Tab between items, or Use Mouse





	Dykstra-Parsons Coeficient	0.7

	Reservoir Temperature	100	ºF

	Average Reservoir Pressure	2000	psia

	Minimum Miscibility Pressure	1200	psia

Oil Viscosity	2.0	cP

Oil Formation Volume Factory, Bo	1.4	RB/STB





Reservoir Data 



[ ( ]



OK	Cancel



Prophet    File   Data    Saturations    Pre-Set Patterns    Custom Pattern     Options



Esc Exit,    Tab between items, or Use Mouse





	Solution Gas-Oil Ration, RS	500	scf/STB

	Oil Gravity, API	100	ºAPI

	Gas Specific Gravity	o.7	Air=1

	Water Viscosity	0.8	cP

	Water Salinity	100000	ppm







More Reservoir Data 



[ ( ]



OK	Cancel



Prophet    File   Data    Saturations    Pre-Set Patterns    Custom Pattern     Options



Esc Exit,    Tab between items, or Use Mouse







Original Oil In Place  =  0.0	STB

Area, Thickness, and Porosity will

be assigned appropriate values.





Oil In Place



[ ( ]



OK	Cancel
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	Area	10.00	acres

	Thickness	116.77	feet

	Porosity	0.200	fraction

	If a custom pattern is specified the area will be calculated 

	from the custom pattern boundaries





Calculate OOIP 



OK	Cancel



Esc Exit,    Tab between items, or Use Mouse
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	Do It All



	Krw

	Krow

	Krg

	Krog

	Krs



	Soi



Prophet    File   Data    Saturations    Pre-Set Patterns    Custom Pattern     Options
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	Krw = 0.6000 �EMBED Equation.3���

	Kwro	=	Rel perm to water at residual oil saturation

	Swir	=	Irreducible water saturation

	Sorw	=	Residual oil saturation to water

	Expw	=	Water exponent
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	Krow = 0.8000     (	�EMBED Equation.3���

	

	Krocw	=	Rel perm to oil at connate water saturation

	Swc	=	Connate water saturation

	Expow	=	Oil exponent
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	Kr  =  0.4000	�EMBED Equation.3���

	

	Krgcw	=	Rel perm to gas at connate water saturation

	Sgr	=	Residual gas saturation

	Exppg	=	Gas exponent
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	Krog  =  Krocw	�EMBED Equation.3���

	

	Sorg	=	Residual oil saturation to gas

	Expog	=	Oil-Gas exponent
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[ ( ]



OK	Cancel



Prophet    File   Data    Saturations    Pre-Set Patterns    Custom Pattern     Options



Esc Exit,    Tab between items, or Use Mouse







	Krw  =  Ksmax	�EMBED Equation.3���

	

	Sorm	=	Residual oil saturation to solvent
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	Present Oil Saturation, Soi  =  0.8500
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	  Amount Injected

	Water (Waterflood)

	-----Injection Rates-----	Water/CO2	or CO2

	Water	CO2	Injection	(CO2 or WAG)

	Period	bbls/day	MMSCF/day	Ratio	HCPV



	1	500.00	1.00

	2	1.00	0.20

	3	500.00	1.00	1.00	0.20

	4	500.00	0.40
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	X	Y	X	Y
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	Injection Well #1     X=0.00         Y=0.00

	  Amount Injected

	Water (Waterflood)

	-----Allocated Rates-----	Water/CO2	or CO2

	Water	CO2	Injection	(CO2 or WAG)

	Period	bbls/day	MMSCF/day	Ratio	HCPV



	1	500.00	1.00

	2	1.00	0.20

	3	500.00	1.00	1.00	0.20

	4	500.00	0.40
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	Allocated	Allocated

	X	Y	Fluid Prod.	X	Y	Fluid Prod.

	1.0	1.0
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Project Title

Advanced Options    

Report Frequency

Plot Streamlines
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	West Texas Five Spot
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Advanced Options      
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Miscible Rel Perm, Krm

Mixing Parameter, Omega
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	Number of Layers  =    5
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Miscible Rel Perm, Krm
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	Mixing Parameter, Omega  =     0.6660
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	Krs  =  0.4000	�EMBED Equation.3���

	Ksmax	=	Maximum solvent relative permeability

	Ssr	=	irreducible solvent saturation

	Sorm	=	Residual oil saturation to solvent

	Exps	=	Solvent exponent
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