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�1.	INTRODUCTION AND OVERVIEW





1.1	GENERAL INTRODUCTION



Computer programs have become an important part of modern petroleum engineering.  Black oil simulators, in particular, are used routinely for performing evaluation and design work.  Until the 1982 release of BOAST: A Three-Dimensional, Three-Phase Black Oil Applied Simulation Tool (Reference 1), a black oil simulator was  available usually only for a substantial fee.  Since its release by the Department of Energy, BOAST has gained popularity because of its uncomplicated, easy-to-use features.  However, problems occur when BOAST is used for field-scale conditions.



BOAST II, released in 1987, was designed to overcome the limitations of the original BOAST.  Features were added which would improve the versatility of the program.  The amount of code in BOAST II is approximately three times that of the original BOAST.



This handbook describes a version of BOAST II that has been developed for use on the personal computer.  This version combines most of the options available on the original BOAST II with the size necessary to fit on a personal computer.  This makes it possible for users who do not have access to a mainframe computer to use BOAST II.



This manual is intended to be only a guideline for the use of the PC version of BOAST II.  Detailed discussions on theory, solution methods, program output, and other important topics are found in the BOAST II manual (Reference 2).





1.2	ENHANCEMENTS--BOAST TO BOAST II



The following are the major enhancements of the PC version of BOAST II relative to the original BOAST.



User-Friendly Enhancements:.

Free format data entry on most data cards

Restructured recurrent data input to allow separate specification of time step size and output frequency

Restart capability

One-line time step summary

Summary table of program output

Optional line-printer plots of program output

Initialization data check

Output pressure map corrected to user-specified datum

Gas PVT default option



Reservoir Engineering Features:

Optional three-phase relative permeability algorithm

Multiple rock regions allowed

Multiple PVT regions allowed

Bubble point pressure can vary with depth and PVT region

Several different analytic aquifer models

Direct input of noncontiguous layers

Net and gross thicknesses allowed



Well Model Features:

Individual well gas/oil ratio (GOR) and water/oil ratio (WOR) constraints

Minimum oil production and maximum liquid withdrawal well constraints

Multiple wells per grid block 

Gas well model using a laminar-inertial-turbulent analysis 

Maximum water/gas injection rates



Numerical Features:

Two new iterative matrix solution methods:	y and z direction line successive over-relaxation (LSOR) methods

Zero pore volume (inactive) grid blocks allowed 

Optional two-point upstream weighting for reducing numerical dispersion





1.3	GENERAL PROGRAM OVERVIEW



The BOAST II program simulates isothermal, darcy flow in three dimensions.  It assumes reservoir fluids can be described by three fluid phases (oil, gas, and water) of constant composition with physical properties that depend on pressure only.  These reservoir fluid approximations are acceptable for a large percentage of the world's oil and gas reservoirs.  Consequently, BOAST II should have a wide range of applicability.  For example, BOAST II can simulate oil and/or gas recovery by fluid expansion, displacement, gravity drainage, and capillary imbibition mechanisms.  Some of the typical field production problems which can be handled by BOAST II include: primary depletion studies, pressure maintenance by water and/or gas injection, and evaluation of secondary recovery waterflooding operations.



BOAST II is a finite-difference, implicit pressure/explicit saturation (IMPES) numerical simulator.  It contains both direct and iterative solution techniques for solving systems of algebraic equations.  The well model in BOAST II allows specification of rate or pressure constraints on well performance, and the user is free to add or recomplete wells during the simulation.  Multiple rock and PVT regions may be defined, and three aquifer models are available as options.  BOAST II contains flexible initialization capabilities, a bubble point tracking scheme., an automatic time step control method, and a material balance check on solution stability.  Many user-controlled output options are available and include optional final run summary information and line-printer plots of fieldwide performance.  Example data sets presented in the diskettes illustrate the flexibility of BOAST II for the personal computer.





1.4	PROGRAM FILE CONTENTS



The BOAST II FORTRAN file and the executable file necessary to run a problem are:



BOAST II EXECUTABLE CODE 

BOAST.EXE



BOAST II SOURCE CODE

PARAMS.FOR

MAIN.FOR

BLOCK1.FOR

BLOCK2.FOR

BLOCK3.FOR

BLOCK4.FOR

BLOCK5.FOR

BLOCK6.FOR

BLOCK7.FOR

BLOCK8.FOR



BOAST II EXAMPLES

EX2.DAT

OUT.2

EX3.DAT

OUT.3

EX4.DAT

OUT.4

EX5A.DAT

OUT.5A

EX5B.DAT

OUT.5B



These are the input and output files for examples 2,3,4,5A, and 5B in Reference 2. The EX#.DAT files are input files and the OUT.#  files contain the output.



BOAST II EXAMPLES #2 

EX1.DAT

OUT.1

EX6.DAT

OUT.6

EX7.DAT

OUT.7

These are the input and output files for examples 1,6, and 7 in Reference 2. The EX#.DAT files are input files and the OUT.# contain the output.





1.5	COMPUTER SYSTEM REQUIREMENTS



The computer system configuration used to design and test the personal computer version of BOAST II was an IBM PC-AT with a math coprocessor, 640 KB of RAM, a 1.2MB disk drive, and a hard disk.  The executable code is very large and will not fit as a single segment on a normal double-sided, double-density disk.  A hard disk is not necessary for most problems but will increase the speed of the run.  The program operates on machines using both the 80286 and 8086 microprocessors.  Other machines have not been tested for this application.

�2.	HOW TO USE THE PROGRAM





2.1	USING THE BOAST II EXECUTABLE CODE



To use the executable code in its original form, use the file labeled "BOAST II EXECUTABLE CODE".  If a hard disk is available, copy the file "BOAST.EXE" to the hard disk.  The required form of the input is described in Section 3.3.



Because of the size of the BOAST II executable program, there are limits on several dimensioned parameters that cannot be exceeded in order for the program to run.  All the example problems may be run using the given executable code.  The dimension limits on each parameter for the code given on the diskette are as follows:



	Maximum X-direction grid blocks	13

	Maximum Y-direction grid blocks	10

	Maximum Z-direction grid blocks	4

	Maximum ROCK regions	3

	Maximum PVT regions	3

	Maximum number of input data table entries per region	25

	Larger of max ROCK regions or PVT regions	3

	Maximum number of allowed wells	50

	Maximum number of time steps included in post-plot options	1000

	Maximum blocks using 1D direct solution methods	13

	Maximum number of allowed restart records	5



Note that these parameters are explained in more detail in Appendix A.





2.2	USING THE BOAST II SOURCE CODE



To run a problem that exceeds the parameter limits listed in Section 2.1, the source code must be redimensioned and recompiled.  This is done by changing the parameter file (called PARAMS.FOR) and the parameter statements in the main program and block data subroutine (lines 8-13 and 1133-1138 in MAIN.FOR).  These files are included under the heading "BOAST II SOURCE CODE".  The source code must then be recompiled.  Users should be cautioned that the parameter dimension set used represents the maximum executable code which can fit on an IBM-PC or any compatible with 640 KB of memory.  However, some of the dimensions given in the program can be made larger in exchange for making others smaller.



In the optimum situation, the parameter file should be changed to match the actual dimensions that are needed for a given problem and the source code recompiled.  This aids in limiting the run-time of problems which are smaller than the given dimensions.  However, the run-times of many of the example problems are short enough that it may be efficient not to recompile before each run.  Run-times on an IBM-PC XT ranged from 5 minutes for a simple one-dimensional problem (Example 1) to 4.5 hours for a large three dimensional problem with the post-plot option (Example 6).



�2.3	COMPILATION OF THE PROGRAM



The given executable code was compiled using the Microsoft FORTRAN compiler, version 4.0. This particular compiler was chosen because it supports many of the vital statements used in BOAST II, whereas some other compilers, for example the IBM FORTRAN compiler, version 2.0, do not.  The PARAMETER statement, essential for easy redimensioning, is not supported by the IBM-PC FORTRAN compiler.  Also, the T specifier in FORMAT statements, which is used extensively in the BOAST II program, is not supported by IBM and possibly some other compilers.  The BLOCK DATA statement, which is used in initializing variables in COMMON blocks, is important in the PC version-of BOAST II and is not supported by all compilers.  Finally, the ENTRY statement is used in the program and is not supported by all PC FORTRAN compilers.  All of the aforementioned statements are supported by the Microsoft compiler and used in the PC version of BOAST II.  The Ryan-McFarlane, version 2.11, FORTRAN compiler also supports these BOAST II statements.  In order to recompile the program without errors, users should be certain that the compiler to be used supports all of these statements.



The PARAMETER statement is necessary for variable array dimensioning.  To compile without using the PARAMETER statement, all dimensioning must be done using the DIMENSION and COMMON statements, and in the main program and all subroutines the INCLUDE statement must be deleted.  All of the variables defined in the PARAMETER statements and used to dimension variables in COMMON and DIMENSION statements must be changed in all COMMON and DIMENSION statements in the program to the specific values desired for the problem at hand before compiling the BOAST II program without the PARAMETER statement.



Metacommands found in Microsoft FORTRAN also play an important part in the PC version of BOAST II.  Since many of the DO loops in the original BOAST II program used FORTRAN 66 semantics, the metacommand $DO66 was added to each of the source code files.  This allows the program to recognize FORTRAN 66 semantics in DO loops.  If it is necessary to recompile the program, the compiler being used should support the $D066 metacommand.  If it does not, the $D066 should be removed from the first line of each source code file.



Another metacommand important to BOAST II is the $INCLUDE command.  This command makes it possible to include the parameter file (PARAMS.FOR) in all the subroutines.  If a user must recompile the source code, the compiler must support the $INCLUDE metacommand or the parameter file must replace it in every subroutine.  Both the Ryan-McFarlane, version 2.11, and the Microsoft, version 4.0 compilers support FORTRAN 66 and $INCLUDE.



Some PC compilers cannot compile a single code segment as large as BOAST II.  The file is broken up into several code files which can be compiled separately and then linked together.  Both Microsoft FORTRAN and IBM FORTRAN can link multiple code segments.



The breakdown of the files under “BOAST II SOURCE CODE” and the routines included in each of them follows:



	MAIN	main routine, block data subroutine



	BLOCK1	AQIN,AQOUT,AQUI,MATBAL,NODES



	BLOCK2	CODES,GRIDSZ,INTCOM,INTERP,INTPVT,LSORX,LSORY,LSORZ



	BLOCK3	PLOT,PLOTI,PORPRM,POSTP,PRTPS



	BLOCK4	PSEUDO,REPRS1,GAUS1D



	BLOCK5	QRATE



	BLOCK6	TABLE,TRANS,TRIKRO,UINITL,VISCY, XLGR4,ZANDC, THE FUNCTIONS



	BLOCK7	SOLONE



	BLOCK8	SOLTWO



The FORTRAN code for each of these routines is written in Reference 2.





2.4	HINTS ON HOW TO RUN BOAST II



BOAST II is a sophisticated engineering tool for solving reservoir engineering and production problems.  In order to provide the flexibility required to handle the wide variety of problems encountered in reservoir management and production operations, a general reservoir simulation program such as BOAST II becomes necessarily somewhat complex due to the many options included in the program.



Perhaps the best way to become familiar with running BOAST II is to first scan through the data input sections (Chapter 3) to get familiar with the general format of the input and then look at the examples provided.  These problems contain at least one example of most of the more commonly used input options in BOAST II.  There should be one of the examples that is similar to the type of problem you wish to run (1-D, 2-D areal, 2-D cross-section, or 3-D).  This example can be used as a general guide for your problem.



While no default values are provided for input parameters (a value must be entered for all parameters), the input examplescan be used as a guide.  These examples employ "typical values" for most parameters.



An automatic time step control feature has been included in BOAST II.  It is recommended that automatic time step control be used on most runs.  This feature will allow the program to operate most efficiently by increasing time step size when conditions are not changing rapidly, and yet will provide the greater stability of smaller time steps during rapidly changing conditions such as in the transition through the bubble-point pressure from undersaturated to saturated conditions.  A minimum time step size of 0.1 day is recommended for automatic time step control.  A smaller time step may be necessary depending on the application.  For example, simulation of a laboratory core flood could require a minimum time step of 0.01 day or smaller.  All default values suggested in this manual are intended for field-scale applications.  The minimum time step will only be used if it is needed to satisfy the user specified maximum pressure and saturation constraints.



�3.	DATA INPUT





3.1	DATA INPUT/OUTPUT



The data input file should be set up according to the specifications described in Section 3.3.  Each variable is explained in that section.  One important change to note about the PC version of BOAST II is that there are only four solution options from which to choose rather than seven as in the mainframe version.  There are three iterative solution methods and one direct, one-dimensional solution method.  A direct solution option using the D4 algorithm produced an executable module that exceeded the RAM limit of PC's running under the DOS 3.3 or earlier versions.  Therefore, this solution method was deleted as an option in the PC version of BOAST II.  In addition, the three L2SOR methods of solution from BOAST II have been removed as options.  The four solution options provided are generally sufficient to run any problem.



At the beginning of program execution, the program will ask for the names of the input and output files for the particular problem being run.  Note that the input file must already exist and the output file must not exist for the program to run.  Both file names may be up to 10 characters long including the extension and disk drive letters or other directories.



The output files will be printed in a 132-character-wide format.  There are approximately 75 lines per page.  In some cases, the formatting takes up the entire 132 spaces, so the printer to be used should support 14-inch-wide paper.



Because the compiler used does not support free format specifiers used in the mainframe version, the format statements with a wide range of values (for example, from E(-04) to E(+06)) have been set at the upper limit.  If numbers are in the smaller range for a given problem, it may be desirable to change the format specifiers and recompile.





3.2	INPUT DATA -- GENERAL REQUIREMENTS



The data input section is divided into two parts: an initialization data section and a recurrent data section.  The initialization data include restart record and post-plot package control parameters, the reservoir model grid dimensions and geometry, the distribution of porosity and permeability within the reservoir, fluid PVT data, rock relative permeability and capillary pressure data, initial pressure and saturation distributions within the reservoir, specification of solution method, and various run control parameters.  The recurrent data include the location and initial specifications of wells in the model, time step control information for advancing the simulation through time, a schedule of individual well rate and/or pressure performance, changes in well completions and operations over time, and controls on the type and frequency of printout information provided by the simulator.



Very Important! The following comments concerning data input format conventions, especially with regard to reading of arrays of data, apply to all of the input data.



1.	Throughout this documentation, input data lines will be referred to as "cards".  This can mean either physical computer input cards, in the case of card input, or individual lines in an input data set as entered on a CRT or line-printing terminal.



2.	Title cards are read before each major and many minor sections of input data.  A card must be read in each case unless specified otherwise in the documentation.  These cards are designed to serve as delineators to make the input data file easier to read and edit.  Title cards may include up to 80 characters.



3.	In many cases, codes are read which will specify the type of input to follow and the number of values which will be read.  This is necessary in order to provide some flexibility in the options available for data input.



4.	All data (except as noted) are entered as free-field format.  Free-field format means that an input datum required for a particular card need not appear in a particular location on that card.  Input data must be entered in sequence, and a value must be specified for each input datum.  If more than one datum appears on a card, each datum must be separated from neighboring data by at least one space.



As an example of free-field format, suppose we want to read an integer value of 5 and a real value of 120.5 on one card.  This may be entered as



		5	120.5

	or 	5		120.5

	or

		5	1.205E+2



	It may not be entered as 5120.5





An example of an input data set is given in section 3.5.



5.	If a full grid of input values (II x JJ x KK) must be read for a particular parameter, the following input order must be followed:



Layer 1 (K = 1) is read first.  The data in each layer are read in by rows, starting with Row 1 (J = 1).  Values of the parameter for Columns I = 1 to II are read for the first row, starting with Column 1 (I = 1).  After II values have been read for the first row, values are read for the second row (J = 2), etc. until JJ rows of data are read.  This process is repeated for layer 2 (K = 2), etc. until KK layers of data are read.



A FORTRAN input algorithm, as used by the program, might look like:



DO 100 K = 1, KK

DO 200 J = 1, JJ

200 	READ (5,*) (Parameter (I,J,K), I = 1, II)

100 CONTINUE



6.	BOAST II uses a right-handed coordinate reference.  Thus, each layer will be laid out as shown below, and z-direction values will increase going down.



	 I = 1	I = 2	. . .



	J = 1



	J = 2



7.	Parameter modifications by region are allowed for grid block dimensions, porosities, permeabilities, and transmissibilities.  New parameter values are input using the following algorithm:



DO 10 L =  1,  NUMREG

READ (20,*) I1, I2, J1, J2, K1, K2, REGVAL

DO 10 K  =  K1,  K2

DO 10 J  =  J1,  J2

DO 10 I   =  I1,  I2

Parameter  (I,  J,K) = REGVAL

10  CONTINUE



where	NUMREG	=	number of regions where parameter is modified

	REGVAL	=	value of parameter in region defined by I1, I2, J1, J2, K1, K2:



I1	=	coordinate of first region block in I-direction

I2	=	coordinate of last region block in I-direction

J1	=	coordinate of first region block in J-direction

J2	=	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction

K2	=	coordinate of last region block in K-direction





3.3	INITIALIZATION DATA -- FORMAT AND DEFINITIONS



Initialization data cards specify

- restart and post-plot options (3.3.1)

- reservoir model grid dimensions and geometry (3.3.2) 

	-grid dimensions 

	-modifications to grid dimensions 

	-depths to top of grid blocks

- porosity and permeability distributions (3.3.3) 

	-porosity and permeability 

	-modifications to porosity and permeability distribution

	-transmissibility modifications

-rock and PVT regions (3.3.4)

-relative permeability and capillary pressure tables (3.3.5)

-fluid PVT data tables (3.3.6)

-pressure and saturation initializations (3.3.7)

-debug and diagnostics output control (3.3.8)

-run control parameters (3.3.9)

-solution method specifications (3.3.10)

-aquifer model (3.3.11)



These cards are read only once at the beginning of the simulation.  They must be read in the order in which they appear in the following input data sections.





3.3.1	RESTART AND POST-PLOT OPTIONS



1.	Title Card



2.	Restart and post-plot package codes

	IREOPT = code for activating restart capability

	IPOSTP = code for activating post-plot package



	Code			Meaning



	IREOPT	= 	-1	Run Initialized: no restart records will be written

		=	0	Run Initialized; restart records will be written

		=	1	Restart run; up to five new restart records may be written

---------------------------------------------------------------------------------------------------------------------------

	IPOSTP	=	-1	No post-plot table or plots provided

		=	0	Provide post-plot table

		=	1	Provide post-plot table and user-specified plots



If IREOPT = -1, go to Card 7



3.	Restart Parameters



Omit this card if IREOPT = -1.



IRNUM	= 	number of restart records to be written; up to five are allowed

IRSTRT	= 	time step number of restart record for restart runs; this number is output in runs when restart records are written.  Set IRSTRT = 0 when IREOPT � EMBED Equation.2  ��� 1

NN	= 	maximum number of time steps allowed when IREOPT = 1.  Set NN = 0  when IREOPT � EMBED Equation.2  ��� 1.

TMAX	= 	maximum number of days to be stimulated during a restart run. If IREOPT  =  0 (an initialization run), TMAX entered on Card 2, section 3.3.9, will supersede the value enter here.



4.	Names of input and output restart data files.



Omit this card if IREOPT =  -1.



RESIN	=	alphanumeric input file name 

RESOUT	=	alphanumeric output file name



NOTE: 	Both RESIN and RESOUT may contain up to six characters.  The first character must be a letter, and the last character must be in column 10 (20) for RESIN (RESOUT).  No blanks are allowed between the first and last characters.  The file RESIN must exist prior to running BOAST II.



Restart information is written to RESOUT when IREOPT = 0 or 1. 

Restart information is read from RESIN when IREOPT = 1.



5.	Restart records written at specified time steps.



Omit this card if IREOPT =  -1.



IRETYM	=	IRNUM time step numbers must be specified.  Restart records will be written at the specified time step number.  Set IRETYM = 0 if restart records are written at specified elapsed times (Card 6).  Each entry of the sequence of input time step numbers must be larger than the preceding entry.



6.	Restart records written at specified elapsed times.



Omit this card if IREOPT =  -1.



REDATE	=	IRNUM elapsed times (days) must be specified.  Restart records will be written at the specified elapsed time.  Set REDATE =  0 if restart records are written at specified time step numbers (Card 5).  Each entry of the sequence of input elapsed times must be larger than the preceding entry.



NOTE:	Each elapsed time that is specified for writing a restart record must correspond to an elapsed time when output is to be printed (see Recurrent Data Time Step and Output Control, Section 3.4.1).  Restart records may only be written before the last time step.





7.	Plot Codes.



Omit this card if IPOSTP =  -1 or IPOSTP =  0



NPLINE	=	number of plot lines along the time axis per time step; when NPLINE = 0, the number of plot lines is determined automatically.  A typical value of NPLINE is 1 or 2.



Codes for the following variables must also be input:



Code	Variable

KOPR	Oil production rate

KGPR	Gas production rate

KWPR	Water production rate

KGOR	Producing gas/oil ratio

KWOR	Producing water/oil  ratio

KGIR	Gas injection rate

KWIR	Water injection rate

KRESP	Pore volume weighted average reservoir pressure

KAIR	Aquifer influx rate

KAIC	Cumulative aquifer  influx

KCOP	Cumulative oil  production

KCGP	Cumulative gas  production

KCWP	Cumulative water production

KCGI	Cumulative gas injection

KCWI	Cumulative water injection

When Code = 0; 	the corresponding variable will not be plotted

When Code = 1;	the corresponding variable will be plotted as a function of time using variable values determined at each time step.  An activated variable plot will not be made if the variable did not change during the run.





3.3.2	RESERVOIR MODEL GRID DIMENSIONS AND GEOMETRY



Grid Dimensions



If IREOPT = 1, go to Card 1 of RECURRENT DATA section, 3.4.1



1.	Title card



2.	Number of grid blocks in the model grid



II	=   number of grid blocks in the x-direction

JJ	=   number of grid blocks in the y-direction

KK 	=   number of grid blocks in the z-direction



3.	Title card



4.	Codes for type of input to be used



KDX	= 	code for controlling input of x-direction grid dimensions 

KDY 	= 	code for controlling input of y-direction grid dimensions 

KDZ 	= 	code for controlling input of z-direction gross grid block thicknesses

KDZNET 	= 	code for controlling input of z-direction net grid block thicknesses



Code		Meaning

KDX 	=	-1	The x-direction grid dimensions are the same for all blocks in the grid (read only one value).

KDX 	=  	0	The x-direction dimensions are read for each grid block in the first row (J = 1) of layer 1 (K = 1).  These same x-direction dimensions are assigned to all other rows and all other layers in the model grid.  (NOTE: II values must be read.)

KDX 	=	+1	The x-direction dimensions are read for every grid block in layer one (K = 1).  These same x-direction dimensions are assigned to all other layers in the model grid. (NOTE: II x JJ values must be read - see section 3.2 for array input format convention.)

KDY 	= 	-1	The y-direction grid dimensions are the same for all blocks in the grid (read only one value).

KDY 	=	 0 	The y-direction dimensions are read for each grid block in the first column (I = 1) of layer one (K = 1).  These same y-direction dimensions are assigned to all other columns and all other layers in the model grid. (NOTE: JJ values must be read.)

KDY 	= 	+1 	The y-direction dimensions are read for every grid block in layer one (K = 1).  These same y-direction dimensions are assigned to all other layers in the model grid. (NOTE: II x JJ values must be read - see section 3.2 for array input format convention.) 

KDZ 	= 	-1 	The z-direction grid dimensions (gross thicknesses) are the same for all blocks in the grid (read only one value).

KDZ 	= 	0 	A constant value of gross thickness is read for each layer in the grid.  Each layer may have different, but constant value. (NOTE: KK values must be read.)

KDZ 	= 	+1 	The z-direction grid dimensions (gross thicknesses) are read for every block in the model grid. (NOTE: II x JJ x KK values must be read - see section 3.2 for array input format convention.)

KDZNET 	= 	-1 	The z-direction grid dimensions (net thicknesses) are the same for all blocks in the grid (read only one value).

KDZNET 	= 	0 	A constant value of net thickness is read for each layer in the grid.  Each layer may have a different, but constant value. (NOTE: KK values must be read.)

KDZNET 	= 	+1 	The z-direction grid dimensions (net thicknesses) are read for every block in the model grid. (NOTE: II x JJ x KK values must be read - see section 3.2 for array input format convention.)



5.	x-direction grid dimension(s) (DX)



If KDX  	=	-1, 	only one constant value is  read.

If KDX  	= 	0, 	II values are read (one for each row).

If KDX  	= 	+1	(II x JJ) values are read (one for each grid block in layer one).



6.	y-direction grid dimension(s) (DY)

If KDY  	=	-1, 	only one constant value is read.

If KDY  	=	0,	 JJ values are read (one for each row).

If KDY  	=	+1, 	(II x JJ) values are read (one for each grid block in layer one).



7.	z-direction gross grid block thicknesses (DZ)

If KDZ 	=	-1, 	only one constant value is read.

If KDZ 	=	0, 	KK values are read (one for each layer).

If KDZ 	=	+I, 	(II x JJ x KK) values are read (one for each block in the model grid).



8.	z-direction net grid block thicknesses (DZNET)

If KDZNET	=	-1, 	only one constant value is read.

If KDZNET	=	0, 	KK values are read (one for each layer).

If KDZNET	= 	+1, 	(II x JJ x KK) values are read (one for each block in the model grid).



Modifications to Grid Dimensions



1.	Title card



2.	Number of regions where grid dimensions are to be changed, and print code



NUMDX  	= 	number of regions where x-direction grid dimension (DX) is to be changed

NUMDY 	=	number of regions where y-direction grid dimension (DY) is to be changed

NUMDZ	=	number of regions where z-direction gross grid block thickness (DZ is to be changed

NUMDZN	=	number of regions where z-direction net grid block thickness (DZNET) is to be changed

IDCODE 	=	print code:

IDCODE 	=  	0 means do not print the modified grid dimensions

IDCODE	=  1 means print the modified grid dimensions



NOTE:  See section 3.2, item 7 for modification input algorithm.



3.	x-direction grid dimension (DX) modification.



Omit this card if NUMDX = 0.



I1 	=	coordinate of first region block in I-direction;

I2 	=	coordinate of last region block in I-direction;

J1 	=	coordinate of first region block in J-direction;

J2 	=	coordinate of last region block in J-direction;

K1 	=	coordinate of first region block in K-direction;

K2 	=	coordinate of last region block in K-direction;

DX 	=	new value of x-direction grid dimension (DX) for region.



NOTE:  NUMDX cards must be read.



4.	y-direction grid dimension (DY) modification.



Omit this card if NUMDX = 0.



I1 	=	coordinate of first region block in I-direction; 

I2 	=	coordinate of last region block in I-direction; 

J1 	=	coordinate of first region block in J-direction; 

J2 	=	coordinate of last region block in J-direction;

K1 	=	coordinate of first region block in K-direction;

K2 	=	coordinate of last region block in K-direction;

DY 	=	new value of y-direction grid dimension (DY) for region



NOTE:  NUMDY cards must be read.



5.	z-direction gross thickness (DZ) modification.



Omit this card if NUMCZ = 0.



I1	=	coordinate of first region block in I-direction;

I2	=	coordinate of last region block in I-direction;

J1	=	coordinate of first region block in J-direction;

J2	=	coordinate of last region block in J-direction;

K1	=	coordinate of first region block in K-direction;

K2	=	coordinate of last region block in K-direction;

DZ	=	new value of z-direction gross thickness (DZ) for region



NOTE:  NUMDZ cards must be read.



6.	z-direction net thickness (DZNET) modification.



Omit this card if NUMDZ = 0.



I1	=	coordinate of first region block in I-direction;

I2	=	coordinate of last region block in I-direction;

J1	=	coordinate of first region block in J-direction;

J2	=	coordinate of last region block in J-direction;

K1	=	coordinate of first region block in K-direction;

K2	=	coordinate of last region block in K-direction;

DZNET	=	new value of z-direction net thickness (DZNET) for region.



NOTE: NUMDZN cards must be read.



Depths to Top of Grid Blocks



Remember that under the coordinate system used in BOAST II, z-direction values increase going down.  Thus, depths must be read as depths below the user-selected reference datum (negative values will be read as heights above the datum).



1.	Title card



2.	Code for input of depth values



KEL	=	Input code:

KEL	=	0 means a single constant value is read for the depth to the top of all grid blocks in layer 1 (i.e., horizontal plane).

KEL	=	1 means a separate depth value must be read for each grid block in layer 1; (II x JJ) values must be read.

KEL	=	2 means KK depth values are read (one caprock value for each layer) assuming horizontal layers.

KEL	=	3 means one depth value is read for each grid block; (II x JJ x KK) values must be read.  See section 3.2 for array input format convention.



NOTE:	Options KEL = 0 and KEL = 1 are designed for contiguous layers only.  Option KEL = 2 is especially useful for non-contiguous layers, although it can also apply to contiguous layers.



3.	Depth value(s)



ELEV  =  Depth to top of grid block in feet



Depths to the top of grid blocks in layers below layer 1 will be calculated by adding the layer thickness to the preceding layer top; i.e.,



Top (I,J,K+1) = Top (I,J,K) + DZ (I,J,K).



Midpoint locations (node locations in z-direction) are given by



EL(I,J,K) = Top(I,J,K) + 0.5* DZ(I,J,K).





3.3.3	POROSITY AND PERMEABILITY DISTRIBUTIONS



Porosity and Permeability



1.	Title card 



2.	Codes for type of input to be used



KPH	= 	code for controlling porosity data input

KKX	= 	code for controlling x-direction permeability data input 

KKY	= 	code for controlling y-direction permeability data input 

KKZ	= 	code for controlling z-direction permeability data input



Code	Meaning



 -1	A single constant value is read and assigned to all blocks in the model grid (one value read).

  0	A constant value is read for each of the KK layers in the grid; individual layers may have a different, but constant, value (KK values must be read).

+1	A separate value is read for each block in the grid (II x JJ x KK values must be read - see section 3.2. for array input format convention.)



3.	Porosity value(s)



	Porosity is read as a fraction (not as a percentage)



If KPH	=	 -1, 	only one constant value is read

If KPH 	=	  0,  	KK values are read (one for each layer)

If KPH 	= 	+1, 	(II x JJ x KK) values are read (one value for each block in the model grid)



4.	x-direction (KX) permeability value(s)



Permeability is read in millidarcies (md)



If KKX	=  	 -1, 	only one constant value is read

If KKX 	=   	  0, 	KK values are read (one for each layer)

If KKX 	= 	+1, 	(II x JJ x KK) values are read (one value for each block in the model grid)



5.	y-direction (KY) permeability value(s)



Permeability is read in millidarcies (md)



If KKY 	=	-1,	only one constant value is read

If KKY 	=	0,	KK values are read (one for each layer)

If KKY 	=	+1, 	(II x JJ x KK) values are read (one value for each block in the model grid)



6.	z-direction (KZ) permeability value(s)



Permeability is read in millidarcies (md)



If KKZ 	=	-1, 	only one constant value is read

If KKZ 	=	0, 	KK values are read (one for each layer)

If KKZ 	=	+1, 	(II x JJ x KK) values are read (one value for each block in the model grid)





Modifications to Porosity and Permeability Distributions



1.	 Title card



2.	Number of regions where porosity and/or permeability values are to be changed, and print code



NUMP	= 	number of regions where porosity values are to be changed

NUMKX 	= 	number of regions where x-direction permeability values (KX) are to be changed

NUMKY	= 	number of regions where y-direction permeability values (KY) are to be changed

NUMKZ	= 	number of regions where z-direction permeability values (KZ) are to be changed

IPCODE 	= 	print code:

IPCODE  	= 	0 means do not print modified porosity and permeability distributions

IPCODE 	 =	1 means print modified porosity and permeability distributions



	NOTE:  See section 3.2, item 7 for modification input algorithm.



3.	Porosity modifications.



Omit this card if NUMP = 0



I1 	= 	coordinate of first region block in I-direction 

I2 	= 	coordinate of last region block in I-direction 

J1 	=	coordinate of first region block in J-direction 

J2 	= 	coordinate of last region block in J-direction

K1 	= 	coordinate of first region block in K-direction 

K2 	=	coordinate of last region block in K-direction 

PHI 	= 	new value of porosity for region, fraction



NOTE: NUMP cards must be read.



4.	x-direction permeability (KX) modifications.



Omit this card if NUMKX = 0.



I1 	= 	coordinate of first region block in I-direction

I2	= 	coordinate of last region block in I-direction

J1	= 	coordinate of first region block in J-direction

J2 	= 	coordinate of last region block in J-direction

K1 	= 	coordinate of first region block in K-direction

K2 	= 	coordinate of last region block in K-direction

KX 	= 	new value of x-direction permeability (KX) for region in md



NOTE:  NUMKX cards must be read.



5.	y-direction permeability (KY) modifications.



Omit this card if NUMKY = 0.



I1 	= 	coordinate of first region block in I-direction 

I2 	= 	coordinate of last region block in I-direction 

J1 	= 	coordinate of first region block in J-direction 

J2 	=	 coordinate of last region block in J-direction 

K1 	= 	coordinate of first region block in K-direction 

K2 	= 	coordinate of last region block in K-direction 

KY 	= 	new value of y-direction permeability (KY) for region in md



NOTE: NUMKY cards must be read.



6.	z-direction permeability (KZ) modifications.



Omit this card NUMKZ = 0.



I1	=	coordinate of first region block in I-direction

I2 	=	coordinate of last region block in I-direction

J1 	=	coordinate of first region block in J-direction

J2	= 	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction

K2	=	coordinate of last region block in K-direction

KZ	= 	new value of z-direction permeability (KZ) for region in md



NOTE: NUMKZ cards must be read.





Transmissibility Modifications



NOTE: 	It is extremely important to keep in mind the directional convention used in specifying transmissibility modifications!



For example, in grid block (I,J,K):



TX(I,J,K) refers to flow across the boundary between blocks I-1 and I,

TY(I,J,K) refers to flow across the boundary between blocks J-1 and J, and

TZ(I,J,K) refers to flow across the boundary between blocks K-1 and K.



1.	Title card



2.	Number of grid blocks where transmissibilities are to be changed, and print code



NUMTX 	= 	number of grid blocks where x-direction transmissibility (TX) is to be changed

NUMTY	= 	number of grid blocks where y-direction transmissibility (TY) is to be changed

NUMTZ	=	number of grid blocks where z-direction transmissibility (TZ) is to be changed

ITCODE 	 = 	Print Code:

ITCODE  =  0 means do not print the modified transmissibility distributions

ITCODE  =  1 means print the modified transmissibility distributions



3.	x-direction transmissibility (TX) modifications.



Omit this card if NUMTX = 0.



I1	=	coordinate of first region block in I-direction

I2	=	coordinate of last region block in I-direction

J1	=	coordinate of first region block in J-direction

J2	=	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction

K2	=	coordinate of last region block in K-direction

TX	=	new value of x-direction transmissibility (TX) for region



NOTE: NUMTX cards must be read.



4.	y-direction transmissibility (TY) modifications.



Omit this card if NUMTY = 0.



I1	=	coordinate of first region block in I-direction

I2	=	coordinate of last region block in I-direction

J1	=	coordinate of first region block in J-direction

J2	=	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction

K2	=	coordinate of last region block in K-direction

TY	=	new value of y-direction transmissibility (TY) for region



NOTE: NUMTY cards must be read.



5.	z-direction transmissibility (TZ) modifications.



Omit this card if NUMTZ = 0.



I1 	= 	coordinate of first region block in I-direction

I2 	= 	coordinate of last region block in I-direction

J1	= 	coordinate of first region block in J-direction

J2	=	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction  

K2	= 	coordinate of last region block in K-direction

TZ	= 	new value of z-direction transmissibility (TZ) for region



Note:  NUMTZ cards must be read.





3.3.4	ROCKS AND PVT REGIONS



1.	Title card



2.	Number of regions



NROCK	=	number of distinct rock regions (up to five allowed).  A separate set of saturation dependent data must be entered for each rock region.



NPVT	=	number of distinct PVT regions (up to five allowed).  A separate set of pressure dependent data must be entered for each PVT region.



NOTE:	All grid blocks are assigned to rock region 1 and PVT region 1 unless specified otherwise.



3.	Title card



Omit this card if NROCK = 1.



4.	Number of regions where the rock region value is changed.



Omit this card if NROCK = 1.



NUMROK = number of regions where the rock region default value of is changed.



5.	Rock region specifications.



Omit this card if NROCK  =  1.



If NUMROK = 0:  	read II x JJ x KK rock region values -- one value for each block in the model grid.  See section 3.2 for array input format convention.  



If NUMROK > 0:



I1  	= 	coordinate of first region block in I-direction

I2	=	coordinate of last region block in I-direction

J1	=	coordinate of first region block in J-direction

J2	=	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction

K2	=	coordinate of last region block in K-direction

IVAL	=	number of the saturation-dependent data set to be assigned to this rock region.  IVAL must be less than or equal to NROCK.



NOTE:  NUMROK cards must be read.



6.	Title card



Omit this card if NPVT  =  1.



7.	Number of regions where the PVT region value is changed.



Omit this card if NPVT  =  1.



NUMPVT = number of regions where the PVT region default value of 1 is changed.



8.	PVT region specifications.



Omit this card if NPVT  =  1.



If NUMPVT = 0:	Read II x JJ x KK PVT region values -- one value for each block in the model grid.  See section 3.2 for array input format convention.



If NUMPVT > 0:



I1	=	coordinate of first region block in I-direction

I2	=	coordinate of last region block in I-direction

J1	=	coordinate of first region block in J-direction

J2	=	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction

K2	=	coordinate of last region block in K-direction

IVAL	=	number of  the pressure dependent PVT data set to be assigned to this PVT region.  IVAL must be less than or equal to NPVT.



NOTE:  	NUMPVT cards must be read.





3.3.5	RELATIVE PERMEABILITY AND CAPILLARY PRESSURE TABLES



The following saturation dependent data should be entered a total of NROCK times -- one set of data for each defined rock region.



1.	Title card



2.	Read relative permeability and capillary pressure tables



SAT1	KROW1	KRW1	KRG1	KROG1	PCOW1	PCGO1

   .                .                 .                  .                   .                  .                  .

   .                .                 .                  .                   .                  .                  .

   .                .                 .                  .                   .                  .                  .



SATn	KROWn	KRWn	KRGn	KROGn	PCOWn	PCGOn



SAT 	= 	value of phase saturation.  

NOTE: SAT1 must be -0.10 and SATn be 1.10!  Read each saturation as a fraction!

KROW	=	oil phase relative permeability, fraction

KRW	=	water phase relative permeability, fraction

KRG	=	gas phase relative permeability, fraction

KROG	=	oil phase relative permeability for gas-oil system, fraction

PCOW	=	oil/water capillary pressure, psi

PCGO	=	gas/oil capillary pressure, psi



SAT refers to the saturation of each particular phase, e.g. in a data line following SAT = 0.20: KROW would refer to oil relative permeability in presence of 20 percent oil saturation, KRW would refer to water relative permeability in the presence of 20 percent water saturation, KRG would refer to gas relative permeability in the presence of 20 percent gas saturation, KROG would refer to oil relative permeability in the presence of 20 percent total liquid (irreducible water plus oil) saturation, PCOW would refer to the oil/water capillary pressure in the presence of 20 percent water saturation, and PCGO would refer to the gas/oil capillary pressure in the presence of 20 percent gas saturation.



NOTE:	KROG is used only when a three-phase oil relative permeability is calculated (Card 4 below).  When ITHREE = 1, KROW and KRW represent a water-oil system while KROG and KRG represent a gas-oil system.  See reference 2 for more information.



3.	Title card



4.	Three-phase relative permeability option code



ITHREE = code specifying desired relative permeability option



Code	Meaning

ITHREE	= 	0	Do not make three-phase calculation of oil relative permeability.

ITHREE	=	1	Make three-phase calculation of oil relative permeability.



SWR	=	Irreducible water saturation, fraction





3.3.6	FLUID PVT DATA TABLES



The following pressure dependent data should be entered a total of NPVT times -- one set of data for each defined PVT region.



1.	Title card



2.	Bubble point -data



PBO	=	initial oil bubble point pressure, psia 

PBODAT 	=	depth at which PBO applies, ft

PBGRAD 	= 	constant bubble point pressure gradient, psia/ft



The bubble point pressure at grid block I, J, K is computed as



PBOT(I,J,K) = PBO + (PBODAT - EL(I,J,K))*PBGRAD



where the mid-point elevation EL(I,J,K) is defined in section 3.3.2.



3.	Title card



4.	Undersaturated oil properties, maximum PVT table pressure, and bubble point tracking algorithm.



VSLOPE	=	slope of the oil viscosity ((o) versus pressure curve for undersaturated oil (i.e., for pressures above PBO).  This value is ((o /(P in cp/psi.



BSLOPE	=	slope of the oil formation volume factor (Bo) versus pressure curve for undersaturated oil (pressure above PBO).  This value is � EMBED Equation.2  ���Bo/� EMBED Equation.2  ���P in RB/STB(psi. (NOTE: BSLOPE should be a negative number and is not the same as the undersaturated oil compressibility!)



RSLOPE	=	slope of the solution gas-oil ratio versus pressure curve for undersaturated oil (pressure above PBO).  This value is � EMBED Equation.2  ���RSO/� EMBED Equation.2  ���P in SCF/STB psi. (It will normally be zero.)



PMAX	=	maximum pressure entry in all PVT tables, psia



IREPRS  	=	0; repressurization algorithm on 1; repressurization algorithm off



NOTE:  Inaccuracies in the calculated reservoir pressure distributions may result when using this repressurization algorithm (IREPRS  =  0).



5.	Title card



6.	Oil PVT table



P1	MUO @ P1	BO @ P1	RSO @ P1

P2	muo @ P2	BO @ P2	RSO @ P2

 .                 .                        .                           .

 .                 .                        .                           .

 .                 .                        .                           .



PMAX	MUO @ PMAX	BO @ PMAX	RSO @ PMAX



P  	=	pressure, psia (NOTE: Pressures must be in ascending order from P1 (normally 14.7 psia) to PMAX.  The last entry in the table must be PMAX as specified in the preceding read.)

MUO 	= 	saturated oil viscosity, cp

BO 	= 	saturated oil formation volume factor, RB/STB

RSO 	=	saturated oil solution gas/oil ratio, SCF/STB 



VERY IMPORTANT!, The oil properties must be entered as saturated oil data over the entire pressure range.  Laboratory saturated oil data will generally have to be extrapolated above the measured bubble point pressure to cover the maximum pressure range anticipated during the simulation run.  The saturated oil data are required because of the bubble point tracking routine used by BOAST II.  Note that the saturated oil data above the initial bubble point pressure will only be used if the local reservoir pressure rises above the initial bubble point pressure and there is free gas introduced into the region (an example of this would be pressure maintenance by gas injection into the oil zone).



7.	Title card



8.	Water PVT table



P1	MUW @ P1	BW @ P1	RSW @ P1

P2	MUW @ P2	BW @ P2	RSW @ P2

 .                       .                          .                               .

 .                       .                          .                               .

PMAX	MUW @ PMAX	BW @ PMAX	RSW  @ PMAX



P 	=	pressure, psia (NOTE: Pressures must be in ascending order from P1 (normally 14.7 psia) to PMAX.  The last entry in the table must be PMAX as specified in the preceding read.)

MUW 	=	water  viscosity,  cp

BW 	= 	water formation volume factor, RB/STB

RSW 	=	 water solution gas/water ratio, SCF/STB



Commonly, the assumption is made in black oil simulations that the solubility of gas in the water can be neglected.  In this case, set RSW = 0.0 for all pressures.  BOAST II incorporates this water PVT table to handle such situations as gas production from geopressured aquifers and for any case where gas solubility in water is considered to be of significance to the solution of the problem.



9.	Title card



10.	Gas properties code



KGCOR = 0	Read gas and rock properties table

1	Activate gas correlation option 

	read rock compressibility versus pressure table.



11.	Title card



12.	Gas PVT table and rock compressibility 



Omit this card if KGCOR = 1.



P1	MUG  @  P1	BG  @  P1	PSI @ P1	CR @ P1

P2	MUG  @  P2	BG  @  P2	PSI @ P2	CR @ P2

  .                     .                           .                        .                      .

  .                     .                           .                        .                      .

PMAX	MUG @ PMAX    	BG @ PMAX  	PSI @ PMAX 	 CR @ PMAX



P 	= 	pressure, psia (NOTE: Pressures must be in ascending order from P1 (normally 14.7 psia) to PMAX.  The last entry in the table (must be PMAX as specified in the preceding read.) 

MUG	=	gas viscosity, cp

BG	= 	gas formation volume factor, RCF/SCF

PSI 	= 	gas pseudo-pressure, psia2/cp

CR	= 	pressure dependent rock compressibility, psi -1



13.	Gas PVT correlation parameters



Omit this card if KGCOR = 0.



KODEA	=	gas composition option

MPGT	=	number of gas PVT table entries; must be greater than 1 and less than or equal to 25

TEM	 =	reservoir temperature, ºF

SPG	 =	gas specific gravity (air = 1.0)



14.	Gas composition



Omit this card if KGCOR = 0.



FRCI	(1)	= 	H2S	mole fraction 

FRCI	(2)	= 	CO2	mole fraction 

FRCI	(3)	=	N2 	mole fraction 

FRCI	(4)	= 	C1	mole fraction 

FRCI	(5)	= 	C2 	mole fraction 

FRCI	(6)	= 	C3 	mole fraction 

FRCI	(7)	= 	iC4	mole fraction

FRCI	(8)		= 	nC4	mole fraction

FRCI	(9)	=	iC5 	mole fraction

FRCI	(10)		=	nC5 	mole fraction

FRCI	(11)	=	C6 	mole fraction

FRCI	(12)	= 	C7+ 	mole fraction



NOTE:  Twelve entries must be read.



15.	User specified C7+ properties 



Omit this card if KGCOR = 0 or if KODEA (  4.



PRSCI 	= 	Critical pressure, psia 

TEMCI 	= 	Critical temperature, ºR

RMWTI	= 	Molecular weight



16.	Title card   

	

	Omit this card if KGCOR = 0.



17.	Rock compressibility 



	Omit this card if KGCOR = 0.



--  To specify a constant rock compressibility, input the following values

PMAX 	=	maximum table pressure from Card 4, psia

CR 	=	rock compressibility at PMAX, 1/psia



--  To specify a pressure-dependent rock compressibility, read MPGT entries as follows:

P1	CR @ P1

P2	CR @ P2

	 .	.

	 .	.

PMAX	CR @ PMAX



18.	Title card



19. 	Stock tank  fluid densities



RHOSCO 	 = 	Stock tank oil density, lb./cu. foot at standard conditions

RHOSCW 	= 	stock tank water density, lb./cu. foot at standard conditions

RHOSCG 	= 	gas density at standard conditions, lb./cu. foot



Repeat Cards 1 through 19 a total of NPVT times.





3.3.7  	PRESSURE  AND  SATURATION INITIALIZATION



BOAST II contains two options initial for pressure and saturation initialization.  The initial  pressure distribution can be calculated by the program for equilibrium conditions given the location of the gas/oil contact and oil/water contact and the pressure at both contacts (Option 1). or the initial pressure distribution can be read on a block-by-block basis as in the case of a non-equilibrium initialization (Option 2).  Saturations (SO, SW, SG) can be read as constant values over the entire grid (Option 1), or the entire SO and SW distributions can be read an a block-by-block basis (Option 2).  In the latter case, the program calculates the SG distribution for each block an SG = 1.0 - SO - SW.



1.	Title card



2.	Codes for controlling pressure and saturation initialization



KPI	=	pressure initialization code

ESI	=	saturation initialization code

PDATUM	=	depth of pressure datum, ft

GRAD	=	fluid gradient for pressure corrections to PDATUM, psia/ft.  If GRAD = 0, a map of pressures corrected to PDATUM will not be printed.  If GRAD ( 0, a map of pressures corrected to PDKTUM will be printed whenever a pressure map is printed.



Code		Meaning



KPI 	=  0	Use equilibrium pressure initialization.  Input required will be pressures at the oil/water contact and gas/oil contact and depths to each contact.



KPI 	=  1	Use non-equilibrium pressure initialization.  Pressures for each grid block must be read on a block-by-block basis. (NOTE: II x JJ x KK values must be read.)



KSI	=  0	Initial oil, water, and gas saturations are constant over the entire model grid. (NOTE: Three values must be read - SOI, SWI, SGI.)



KSI 	=  1	Oil and water saturations must be read for each grid block on a block-by-block basis; the gas saturations for each block will be calculated by the program. (NOTE: 2 x II x JJ x KK values must be read.)



3.	Equilibrium pressure initialization



Omit this card if KPI = 1.



PWOC	=	pressure at the water/oil contact, psia

WOC 	=	depth to the water/oil contact, feet

PGOC 	=	pressure at the gas/oil contact, psia

GOC 	=	depth to the gas/oil contact, feet



NOTE: Repeat this card a total of NROCK times -- one card for each rock region.



4.	Non-equilibrium pressure initialization



Omit this card if KPI = 0.



Initial pressures are read for each grid block in the model grid. (NOTE: II x JJ x KK pressures must be read - see section 3.2 for array input format convention.)



5.	Constant saturation case



Omit this card if KSI = 1.



SOI 	=	initial oil saturation to be assigned to all blocks in the rock region, fraction

SWI 	=	initial water saturation to be assigned to all blocks in the rock region, fraction

SGI 	=	initial gas saturation to be assigned to all blocks in the rock region, fraction



NOTE:  Repeat this card a total of NROCK times -- one card for each rock region.



6.	Non-equilibrium saturation initialization 



Omit this card if KSI = 1.



SO Array:	Initial oil saturations are read for each grid block in the model grid.  (NOTE: II x JJ x KK oil saturation values must be read see section 3.2 for array input format convention.)

AND



SW Array:  	Initial water saturations are read for each grid block in the model grid. (NOTE: II x JJ x KK water saturation values must be read.)





3.3.8	DEBUG AND DIAGNOSTICS CODES



Several codes for controlling diagnostics output for use in program debugging are provided.  These codes will normally always be set to zero.  These codes will not provide information for debugging data input problems.  Activating any of the codes will generate an extremely large volume of output!



1.	Title card



2.	Codes for controlling diagnostic output 



KSN1	= 	SOR parameter debug output control 

KSM1 	= 	solution matrix debug output control 

KCO1	=	compressibility and volume factor debug output control

KCOF	=	density and saturation debug output



Code	Meaning



0		Do not print diagnostics output 

1 		Print diagnostics output



�3.3.9	RUN CONTROL PARAMETERS



1.	Title card



2.	Run control parameters



NMAX	=	maximum number of time steps allowed before run is terminated.  NMAX must be greater than or equal to 1.

FACT1	=	factor for increasing time step size under automatic time step control (set FACT1= 1.0 for fixed time step size).  A common value for FACT1 is 1.25.

FACT2	=	factor for decreasing time step size under automatic time step control (set FACT2 = 1.0 for fixed time step size).  A common value for FACT2 is 0.5.

TMAX	=	maximum real time to be simulated during this run, days (run will be terminated when time exceeds TMAX).  TMAX must be greater than 0.

WORMAX	=	limiting maximum water/oil ratio for a producing oil well.  See reference 2, Appendix G for details.  WORMAX must be greater than or equal to 0.0 (see Card 3 below).

GORMAX	=	limiting maximum gas/oil ratio, SCF/STB, for a producing oil well.  See reference 2, Appendix G for details.  GORMAX must be greater than or equal to 0.0 (see Card 4 below).

PAMIN 	=	limiting minimum field average pressure, psia (run will be terminated when average reservoir pressures fall below PAMIN).  PAMIN must be greater than 0.

PAMAX	=	limiting maximum field average pressure, psia (run will be terminated when average reservoir pressure exceeds PAMAX).  PAMAX must be greater than PAMIN.



NOTE:	Additional discussion of the automatic time step control method and parameters FACT1 and FACT2 is contained in Appendix H of reference 2.



3.	Variable maximum WOR



If WORMAX ( 0.0, go to Card 4.



WOROCK 	=	maximum WOR allowed in the corresponding rock region; NROCK values must-be entered.



NOTE: 	If a well is completed in more than one rock region, the largest maximum WOR which applies to the rock regions penetrated by the well will be used as the WOR control of that well.



4.	Variable Maximum GOR



If GORMAX ( 0.0, go to the next section.



GOROCK	=	Maximum GOR allowed in the corresponding rock region; NROCK values must be entered.



NOTE: 	If a well is completed in more than one rock region, the largest maximum GOR which applies to the rock regions penetrated by the well will be used as the GOR control of that well.





3.3.10	SOLUTION METHOD SPECIFICATIONS



1.	Title card



2.	Solution method control parameter



KSOL  =  solution method code



KSOL	Method



1 	Direct solution  -  band  algorithm (use with one-dimensional problems)

2	LSORX	line successive over-relaxation method with x-direction tridiagonal algorithm

3	LSORY	line successive over-relaxation method with y-direction tridiagonal algorithm

4	LSORZ	line successive over-relaxation method with z-direction tridiagonal algorithm



NOTE:	Use of a line SOR method is recommended when two or three-dimensional problems are being solved.  See reference 1 for further discussion.



The PC version of BOAST II differs from the original in that only four methods of solution are provided: a direct one-dimensional solution method and three iterative solution methods.



MITER 	= 	maximum- number of SOR iterations per time step.  A typical value for MITER is 100.  MITER must be greater than or equal to 1.

OMEGA	=	initial SOR acceleration parameter.  Initial values for OMEGA should be in the range 1.0 < w > 2.0.  A typical initial value for OMEGA would be 1.7 for TOL1= 0, or 1.5 for TOL1 ( 0. The program will optimize OMEGA as the solution proceeds.

TOL	=	maximum acceptable pressure change for convergence of SOR

TOL1  	=	parameter for determining when  to  change  OMEGA.  A  typical  value for TOL1 would be 0.001. (NOTE: If TOL1 = zero, the initial value entered as OMEGA above will be used for the entire run.)

DSMAX	=	maximum saturation change permitted over a time step, fraction.  The time step size will be reduced by FACT2 if the saturation change of any phase in any grid block exceeds DSMAX during a time step.  A typical value for DSMAX would be 0.05. DSMAX must be greater than 0, but cannot exceed 1.0.

DPMAX	=	maximum pressure change permitted over a time step, psi.  The time step size will be reduced by FACT2 if the pressure change in any grid block exceeds DPMAX during a time step.  A typical value for DPMAX would be 100 psi.  DPMAX must be greater than 0.



3.	Title card



4.	Numerical dispersion and formulation control parameters



NUMDIS  =  numerical dispersion control code



NUMDIS	Meaning

0	One-point upstream weighting (standard)

1	Two-point upstream weighting (see reference 5)



IRK  =  formulation control code



IRK	Meaning

0	IMPES (standard)

1	Stabilized IMPES



THRUIN  =  maximum throughput per grid block for the stabilized IMPES (IRK=1) formulation; 0 < THRUIN < 1.0 with a recommended value between 0.5 and 1.0.





3.3.11	AQUIFER MODEL



1.	Title card



2.	Aquifer model option; see reference 2, Appendix E for details



IAQOPT = aquifer model code



Code		Meaning

IAQOPT	0	No aquifer model activated 1Pot aquifer model selected

	1	Pot aquifer model selected

	2	Steady-state aquifer  model selected

	3	Carter-Tracy aquifer model  selected; re/rw 	=	1.5

	4	Carter-Tracy aquifer model  selected; re/rw 	=	2.0

	5	Carter-Tracy aquifer model  selected; re/rw	=	3.0

	6	Carter-Tracy aquifer model  selected; re/rw  	= 	4.0

	7	Carter-Tracy aquifer model selected; re/rw 	= 	5.0

	8	Carter-Tracy aquifer model selected; re/rw 	= 	6.0

	9	Carter-Tracy aquifer model selected:  re/rw	=	8.0

	10	Carter-Tracy aquifer model selected; re/rw 	= 	10.0

		11	Carter-Tracy aquifer model selected; re/rw	=	



If IAQOPT  	=	0, go to the next section.

If IAQOPT  	=	1, go to Card 3.

If IAQOPT	  = 	2, go to Card 5.

If IAQOPT  	=	3, go to Card 7.



NOTE: 	Only one aquifer model option (IAQOPT) may be selected for a given run.  Different aquifer influx strengths may be specified for a given aquifer model.



3.	NAQEN = number of regions containing a pot aquifer



4.	POT aquifer parameters



I1 	= 	coordinate of first region block in I-direction 

I2 	= 	coordinate of last region block in I-direction 

J1 	= 	coordinate of first region block in J-direction 

J2 	= 	coordinate of last region block in J-direction 

K1 	= 	coordinate of first region block in K-direction 

K2 	= 	coordinate of last region block in K-direction 

POT	= 	pot aquifer coefficient, SCF/psia



Repeat Card 4 a total of NAQEN times, then go to the next section.



5.	NAQEN - number of regions containing a steady-state aquifer.



6.	Steady-state aquifer parameters.



I1	=	coordinate of first region block in I-direction

I2	=	coordinate of last region block in I-direction

J1	=	coordinate of first region block in J-direction

J2	=	coordinate of last region block in J-direction

K1	=	coordinate of first region block in K-direction

K2	=	coordinate of last region block in K-direction

SSAQ	=	steady-state aquifer coefficient, SCF/day psia



Repeat Card 6 a total of NAQEN times, then go to the next section.



7.	 NAQREG  =  number of distinct Carter-Tracy aquifer parameter regions.



8.	Carter-Tracy aquifer parameters



AQCR 	=	aquifer rock compressibility, 1/psia

AQCW	=	aquifer water compressibility, 1/psia

AQMUW	=	aquifer water viscosity, cp

AQK	=	aquifer permeability to water, md

AQPHI 	=	aquifer porosity, fraction

AQH	=	aquifer net thickness, ft

AQS	= 	aquifer/reservoir boundary interface, fraction (0 < AQS < 1.0)

AQRE	=	external aquifer radius, ft



9.	NAQEN  =  number of regions containing a Carter-Tracy aquifer with the parameters given in Card 8.



10.	Carter-Tracy aquifer region boundaries



I1 	= 	coordinate of first region block in I-direction 

I2 	= 	coordinate of last region block in I-direction 

J1 	= 	coordinate of first region block in J-direction

J2 	= 	coordinate of last region block in J-direction

K1	= 	coordinate of first region block in K-direction

K2 	=	coordinate of last region block in K-direction



Repeat Card 10 a total of NAQEN times.



Repeat Cards 8 through 10 a total of NAQREG times, then go to the next section.





3.4  	RECURRENT DATA -- FORMAT AND DEFINITIONS



Recurrent data cards are read repeatedly during the course of the simulation run.  These data include the location and specification of wells in the model, changes in well completions and field operations over time, a schedule of well rate and/or pressure performance over time, time step control information for advancing the simulation through time, and controls on the type and frequency of printout information provided by the simulator.  The examples on diskettes 3 and 4 show a variety of recurrent data sets.



1.	Title card.  This card is read only once to signify the start of the recurrent data section.





3.4.1	TIME STEP AND OUTPUT CONTROL



1.	Title card



2.	Time step and output method codes



ICHANG	=	number of time steps for which the output control and time step control information will apply when IOMETH = 0; otherwise ignored.



IWLCNG	=	code to tell program whether or not the well information cards should be read this time step.



Code		Meaning



IWLCNG	=  0	Do not read well information this time step

IWLCNG	=  1	Read well information this time step



NOTE: 	If IWLCNG = 1, well information cards must be read.  The new well information will apply during the next time step.



IOMETH  =  code to specify output method used.



Code	Meaning



IOMETH 	=	0	Output based on time step number

IOMETH 	(	1	Output based on elapsed time; see Card 4 below.



NOTE:	When the automatic time step control is on and IOMETH = 0, the sole function of ICHANG is to determine, in conjunction with DT (Card 6), the length of the time interval during which the present recurrent data set will apply.  This duration is always given by ICHANG x DT.  If IOMETH > 0, the last FTIO entry on Card 4 below will determine the time interval during which the present recurrent data set applies.



If IOMETH ( 1, go to Card 4; otherwise proceed to Card 3.



3.	Frequency of output for well report and summary report.



IWLREP = number of time steps between output of well report.

ISUMRY = number of time steps between output of time step summary report.



Go to Card 5.



4.	Elapsed times when output is to be printed: up to 50 values may be entered during this time interval.



FTIO =  array containing total elapsed times.  The number of elapsed times input must equal IOMETH.



NOTE:	When the elapsed time of a run equals an FTIO value, the well and basic summary reports will be printed.  Maps will also be printed according to the instructions given in Card 5.



5. 	Map control codes.



IPMAP    	=	output  code to control printing of the map of grid block pressures

ISOMAP 	= 	output code to control printing of the grid block oil saturations

ISWMAP 	= 	output code to control printing of the grid block water saturations

ISGMAP  	= 	output  code to control printing of the grid block gas saturations

IPBMAP	=	output code to control printing of the grid block saturation pressures (normally set IPBMAP = 0) 

IAQMAP	=	output code to control printing of the aquifer influx in each grid block.



Value of Output Code	Meaning

0	Do not print the report/array

1	Print the report/array

2	Print the report/array and array plot



6. 	Time step control information



DT	=	initial time step size, in days (Initial time step-size may be reduced by automatic time step control if saturation or pressure limits are exceeded.)



NOTE:	The total time for which the information on Cards 2 through 6 will apply is (ICHANG x DT), days.



DTMIN	= 	minimum time step size to be taken during this period, days.  

		(This value is commonly set to 0.1 days.)

DTMAX 	= 	maximum time step size to be taken during this period, days.

		(This value is commonly set to 30 days.)





3.4.2 	WELL INFORMATION



NOTE: The cards below are read only if IWLCNG = 1 in the preceding section (Card 2).



1.	Title card



2.	Well changes



NWELLN	=	number of new wells for which complete well information is to be read.

NWELLO	= 	number of previously defined wells for which new rates and/or rate controls are to be read.



3.	Title card



If NWELLN = 0, omit this card.



4. 	Well characteristics and rates   (A5,5I3)



If NWELLN = 0, omit this card.



WELLID 	=	five character well name.  Subsequent parameters on this card should begin after column five.

IDWELL	=	well identification number.  Each well should have a unique IDWELL number.  If two or more wells have the same IDWELL number, the characteristics of the last well entered will be used.  The format is I3, so the last digit of the IDWELL number should be in column 8.

I	=	x-coordinate of grid block containing this well.  It is also of the I3 format and should end in column 11.

J	=	y-coordinate of grid block containing this well.  It is also of the I3 format and should end in column 14.

PERF1	=	layer number of the uppermost completion layer for this well.  Should end in column 17.

NLAYER	 =	total number of consecutive completion layers beginning with and including PERF1.  Should end in column 20.





EXAMPLE CARD  #4  INPUT:



PROD  1 10  1  1  4



5.	Well flow index



If NWELLN = 0, omit this card.



PID = layer flow index for each layer for rates in STB/D.  Read NLAYER entries.



Layer flow index can be estimated as follows:



� EMBED Equation.2  ���



where,	K	=	layer absolute permeability, md

h	= 	layer thickness, ft

DX	=	x-direction grid block dimension, ft

DY	=	y-direction grid block dimension, ft

rw	= 	wellbore radius, ft

S	=	layer skin factor



Further discussion of the layer flow index (PID) is provided in Appendix G of reference 2.



6.	Flowing bottom-hole pressures,



If NWELLN = 0, omit this card.



PWF 	= 	flowing bottom-hole pressure (FBHP) for each layer, psia.  Read NLAYER entries.  This value is used only if KIP is negative for this well.



Important! Once a well has been completed in a certain layer, that layer must continue to be specified on all succeeding well information cards, even if the layer or well is shut in!  To shut in a layer, set that layer PID = 0. To shut in a well, set in all of its layer PID's to zero.



7.	Rate control and rate information. (A5,2I3,4F10.0)



If NWELLN = 0, omit this card.



WELLID 	=	five character well name (see Card 4).

IDWELL 	=	well identification number (see Card 4).

KIP 	=	code for specifying both well type and whether the well's production (injection) performance is determined by specifying rates or by specifying flowing bottomhole pressure.  For more details, see Appendix G of Reference 2. This number should end in column 11.



NOTE: 	THE REMAINING NUMBERS IN THIS CARD ARE OF FORMAT F10.0 AND SHOULD BE INPUT ACCORDINGLY.



Rate Controlled Well (KIP > 0):

QO	=	oil rate, STB/D

QW 	=	water rate, STB/D

QG 	=	gas rate, MCF/D

QT  	=	total fluid voidage rate, RB/D



NOTE: 	The total fluid rate given by QT is the oil plus water plus gas production for the well or the total reservoir voidage rate at reservoir conditions.  For multilayer systems, QT is a target rate.



BHP Controlled Production Well With Optional Rate Constraints  (KIP = -1):

QO	= 	minimum oil production rate required, STB/D.

QW	= 	maximum oil production rate allowed, STB/D.

QG	= 	0.0

QT	=	maximum liquid withdrawal rate allowed, STB/D.



NOTE:  Rate constraints are not activated if the corresponding rate is set equal to zero.



BHP Controlled Water Injection Well With Optional Rate Constraint (KIP = -2):

QO	= 	0.0

QW	= 	maximum water injection rate allowed, STB/D.

QG	=	0.0

QT	= 	0.0



NOTE: 	QW should be a negative number or zero.  The rate constraint is not activated if QW = 0.0.



BHP Controlled Gas Injection Well With Optional Rate Constraint (KIP = -3):

QO 	= 	0.0

QW 	= 	0.0

QG 	=	maximum gas injection rate allowed, MCF/D.

QT 	= 	0.0



NOTE:  QG should be a negative number or zero.  The rate constraint is not activated if QG = 0.0.



KIP  <  -4:

QO	= 	0.0

QW	= 	0.0

QG	= 	0.0

QT	= 	0.0



EXAMPLE CARD #7 INPUT:

PROD	1   1	0.	0.	0.	0.



Code	Meaning

KIP 	=	3	Gas well - injection rate specified

KIP	=	2	Water well - injection rate specified

KIP 	=	1	Production well - rates specified

			--Oil Rate Specified:  QO > 0  (STB/D)

				QW = QG = QT= 0.

			--Water Rate Specified:  QW > 0  (STB/D)

				QO = QG = QT = 0.

			--Gas Rate Specified:  QG > 0.  (MCF/D)

				QO = QW = QT = 0.

			--Total Rate Specified:  QT > 0.  (RB/D)

				QO = QW = QG = 0.

KIP	=	-1	oil and/or water production well - PI and FBHP control (explicit pressure calculation)

KIP	= 	-2	Water well - PI and FBHP control (explicit pressure calculation)

KIP 	= 	-3	Gas injection well - PI and FBHP control (explicit pressure calculation)

KIP	= 	-4	Gas production well - LIT representation (explicit pressure calculation)

KIP 	= 	-11	Production (oil) well - PI and FBHP control (implicit pressure calculation)

KIP 	= 	-12	Water well - PI and FBHP control (implicit pressure calculation)

KIP 	= 	-13	Gas well - PI and FBHP control (implicit pressure calculation)



The sign conventions used when reading rates are as follows: 

		Negative rates indicate fluid injection

		Positive rates indicate fluid production



8.	Pressure constrained gas production well (A5,I3,2E12.5) 

	

If NWELLN = 0 or KIP ( -4, omit this card.



WELLID 	= 	five character well name (see Card 4).

IDWELL 	= 	well identification number (see Card 4).

ALIT 	= 	"a” coefficient of LIT gas well analysis. 	 MMSCF/D

Must be in an E12.5 format.	psia2/cp

BLIT 	=	"b" coefficient of LIT gas well analysis, 	(MMSCF/D)2

Must be in an E12.5 format.	psia2/cp



The parameters required for describing a gas production well are described in Appendix G of Reference 1.  Values of ALIT and BLIT can be obtained from the program GASDEL.



Cards 4 through 8 should be repeated a total of NWELLN times.



9.	Title card



If NWELLO = 0, omit this card.



10.	Rate control and rate information. (A5,2I3,4F10.0)



If NWELLO = 0, omit this card.



WELLID	=	five character well name.  Subsequent parameters on this card should begin after column 5.

IDWELL 	=	well identification number (see Card 3).  Should end in column 8.

KIP	=	code for specifying both well type and whether the well's production (injection) performance is determined by specifying rates or by specifying flowing bottomhole pressure.  For more details see Card 6 and Appendix G of Reference 1. Should end in column 11.



NOTE:	THE REMAINING NUMBERS IN THIS CARD ARE OF FORMAT F10.0 AND SHOULD BE INPUT ACCORDINGLY.



Rate Controlled Well (KIP > 0): 

QO 	= 	oil rate, STB/D.

QW 	= 	water rate, STB/D.

QG 	=	gas rate, MCF/D.

QT 	=	total fluid voidage rate, RB/D.



NOTE: 	The total fluid rate given by QT is the oil plus water plus gas production for the well or the total reservoir voidage rate at reservoir conditions.  For multilayer systems, QT is a target rate.



BHP Controlled Production Well With Optional Rate Constraints (KIP = -1):

QO	= 	minimum oil production rate required, STB/D.

QW	= 	maximum oil production rate allowed, STB/D.

QG	= 	0.0

QT	= 	maximum liquid withdrawal rate allowed, STB/D.



NOTE: 	Rate constraints are not activated if the corresponding rate is set equal to zero.



BHP Controlled Water Injection Well With Optional Rate Constraint (KIP = -2):

QO	= 	0.0

QW	= 	maximum water injection rate allowed, STB/D.

QG	= 	0.0

QT	= 	0.0



NOTE:	QW should be a negative number or zero.  The rate constraint is not activated if QW = 0.0.



BHP Controlled Gas Injection Well With Optional Rate Constraint (KIP = -3):

QO	=	0.0

QW	=	0.0

QG	=	maximum gas injection rate allowed, MCF/D.

QT	=	0.0

NOTE:  	QG should be a negative number or zero.  The rate constraint is not activated if QG - 0.0.

KIP  ( -4:

QO	= 	0.0

QW	= 	0.0

QG	= 	0.0

QT	= 	0.0

11.	Pressure constrained gas production well (A5,I3,2E12.5)



If NWELLO  =  0 or KIP  (  -4, omit this card.



WELLID	= 	five character well name (see Card 4)

IDWELL	= 	well identification number (see Card 4) Should end on column 8. 

ALIT 	= 	"a” coefficient of LIT gas well analysis, 	MMSCF/D

Should be of format E12.5	psia2/cp

BLIT 	=	"b" coefficient of LIT gas well analysis, 	(MMSCF/D)2 

		Should be of format E12.5	psia2/cp



The parameters-required for describing a gas production well are described in Appendix G of Reference 1.  Values-of ALIT and BLIT can be obtained from the program GASDEL.



Cards 10 and 11 should be repeated a total of NWELLO times.





3.5	EXAMPLE OF INPUT DATA FILE



FIVE-SPOT WATERFLOOD OF THE MOTHER LODE SAND



RESTART DATA

-1 -1

GRID DATA 

9 9 2

GRID BLOCK LENGTHS 

0 0 0 0

4*160. 80. 4*160.

4*160. 80. 4*160.

20. 30.

20. 30.

GRID BLOCK LENGTH MODIFICATIONS 

5*0

DEPTH TO TOP OF UPPER SAND ZONE 

0

8325.

POROSITY AND PERMEABILITY DISTRIBUTIONS 

0 0 0 -1

.12 .28

20. 100.

20. 100.

5.

POROSITY AND PERMEABILITY MODIFICATIONS 

2 0 0 0 1

1 9 6 9 1 1 .14

1 9 6 9 2 2 .30

TRANSMISSIBILITY MODIFICATIONS

4*0

ROCK PVT

1 1

SAT KRO KRW KRG KROG PCOW PCGO

-.1   6*0.

 .02  6*0.

 .12  0.   0.0  .02  3*0.

 .2   0.   .02  .06  3*0.

 .3   0.   .04  .2   3*0.

 .4   .03  .07  .46  3*0.

 .5   .09  .12  .7   3*0.

 .6   .17  .18  .87  3*0.

 .7   .3   .27  .91  3*0.

 .8   .5   .51  .94  3*0.

 .88  .75  .71  .97  3*0.

 1.0   1.0  1.0  1.0  3*0.

1.1   1.0  1.0  1.0  3*0.

ITHREE SWR(IRR)

    0 .12

   PBO   PBODAT PBGRAD

4014.7  8300.   0.

 VSLOPE   BSLOPE  RSLOPE   PMAX  REPRS

.000046 -.0000232   0.    9014.7   0

   P     MUO    BO   RSO

  14.7  1.04  1.062  1.0

 264.7  .975  1.15   90.5

 514.7  .91   1.207  180.

1014.7  .83   1.295  371.

2014.7  .695  1.435  636.

2514.7  .641  1.5    775.

3014.7  .594  1.565  930.

4014.7  .51   1.695  1270.

5014.7  .449  1.827  1618.

9014.7  .203  2.35   2984.

   P     MUW    BW   RSW

  14.7  .5    1.019  0.

1014.7  .501  1.016  0.

2014.7  .502  1.013  0.

4014.7  .505  1.007  0.

6014.7  .51   1.001  0.

9014.7  .52   .992   0.

GAS AND ROCK PROP

0

   P     MUG     BG     PSI     CR  

  14.7  .008   .9358    0.0  .000003

 264.7  .0096  .067902  0.0  .000003

 514.7  .0112  .035228  0.0  .000003

1014.7  .014   .017951  0.0  .000003

2014.7  .0189  .009063  0.0  .000003

2514.7  .0208  .007266  0.0  .000003

3014.7  .0228  .006064  0.0  .000003

4014.7  .0268  .004554  0.0  .000003

5014.7  .0309  .003644  0.0  .000003

9014.7  .047   .002167  0.0  .000003

RHOSCO RHOSCW RHOSCG

46.244 62.238 .0647

EQUILIBRIUM PRESSURE INITIALIZATION/CONSTANT SATURATION INITIALIZATION

0 0 8300. 0.

4400.0 8425. 0. 8300.

.88 .12 0.

KSN1 KSM1 KC01 KCOF

4*0



NMAX FACT1 FACT2 TMAX WORMAX GORMAX PAMIN PAMAX

2000 1.25   .5   1460.  20.  500000. 150. 20000.

KSOL MITR OMEGA TOL TOL1 DSMAX DPMAX

3    250   1.7  .1   0    .05   100.

NUMDIS IRK THRUIN

0       0    .5

AQUIFER DATA

0

RECURRENT DATA

DATA SET 1 

90 1 2

10. 90.

1 2 0 2 0 0

1. 1. 1.

WELL P-1 (COMPLETED IN BOTH UPPER AND LOWER ZONES) @ 850 BOPD 

1 0



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

NOTE: THE FOLLOWING INPUT DATA DIFFERS GREATLY FROM THE MAINFRAME VERSION OF BOAST II!

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

--- NEW WELLS---

P-1     1  5  5  1  2

.04  .30

500.  500.

P-1    1  1      850.       0.        0.        0.

DATA SET 2

91 1 2

91. 181.

1 1 0 1 0 0

1. 1. 30.

WELL P-1 RATE CHANGED TO 600 BOPD

0 1

CHANGE RATE OF OLD WELLS 

P-1    1  1     600.        0.        0.        0.

DATA SET 3

91 1 2

182. 272.

1 1 0 1 0 0

1. 1. 30.

WELL P-1 RATE CHANGED TO 460 BOPD

0 1

CHANGE RATE OF OLD WELLS

P-1    1  1     460.        0.        0.        0.

DATA SET 4

93 1 2

273. 365.

1 1 0 1 0 0

1. 1. 30.

WELL P-1 RATE CHANGED TO 380 BOPD

0 1

CHANGE RATE OF OLD WELLS

P-1    1  1     380.        0.        0.        0.

DATA SET 5

1095 1 13

366. 456. 548. 	639. 730. 821. 913. 1004. 1095. 1186. 1278. 1369. 1460.

1 1 1 1 0 0

1. .5 30.

PUT WELL P-1 ON FBHP CONTROL AND BEGIN WATER INJECTION

4 1

---NEW WELLS---

I-1    2  1  1  2  1

.5

5000.

I-1    2  2       0.    -500.         0.        0.

I-2    3  1  9  2  1

.5

5000.

I-2    3  2       0.    -500.         0.        0.

I-3    4  9  1  2  1

.5

5000.

I-3    4  2       0.    -500.         0.        0.

I-4    5  9  9  2  1

.5

5000.

I-4    5  2       0.    -500.         0.        0.

CHANGE RATE OF OLD WELLS

P-1    1 -1       0.        0.        0.        0.

�4.	DATA OUTPUT AND EVALUATION





4.1 	PROGRAM OUTPUT EVALUATION



This chapter provides a brief description of the BOAST II program output.





4.1.1	INITIALIZATION DATA



BOAST II always outputs the following initialization data:



-Grid block sizes 

-Node midpoint elevations 

-Porosity distribution 

-Permeability distribution

-Rock and PVT region distribution 

-Relative permeability and capillary pressure tables for each rock region 

-PVT tables for each PVT region 

-Slopes calculated from PVT data for each PVT region

-Time step control data 

-Aquifer model parameters 

-Initial well information 

-Initial fluid volumes-in-place

-Initial pressure and saturation arrays



Other output can be obtained at the user's command.  For example, whenever a modification option is activated, the user may print out the altered array.  It is worthwhile to do this as a check on the input modifications.





4.1.2	RECURRENT DATA



Information obtained during the course of the computer run is output in essentially four formats:



1.	 Time step summary

2.	 Well report

3.	 Summary report

4.	 Pressure and saturation distribution arrays



Time Step Summary:



Run control information is output in a one-line summary every time step.  This summary cannot be deactivated by the user.  It appears because it provides important information about the progress and stability of the run.  Information in the summary includes fluid production and injection rates over a time step, the pore volume weighted average reservoir pressure, material balance checks, and locations and magnitudes of maximum saturation and pressure changes.  The pore volume weighted average reservoir pressure output in the Time Step Summary and in the Summary Report is defined as the sum of (active grid block pore volume) times (grid block nodal pressure) divided by the total pore volume of all active grid blocks.  An active grid block is any grid block with a non-zero pore volume.

�Well Report:



Rates and cumulative production/injection data for each layer of each well are summarized in the well report at user-specified times.  Field totals are also included.  Units of GOR and WOR are SCF/STB and STB/STB, respectively.



Summary Report:



The Summary Report is the single most useful report of the three output reports.  It contains a concise summary of total field production and injection, aquifer influx information, time step and material balance information, and a determination of where maximum pressure and saturation changes are occurring in the reservoir model.  This information is usually sufficient for monitoring the model performance when more detailed output is not needed.



Unlike the Well Report, the WOR and GOR output in the Summary Report are ratios of total producing fluid rates.  Consequently, these ratios are comparable to observed field-wide ratios.



Distribution Arrays:



The user may output the pressure, saturation, bubble point pressure arrays, and cumulative aquifer influx whenever desired.  It is usually not necessary to print out all arrays.  The user is advised to be judicious in specifying output.  This can avoid the printing of unnecessarily thick outputs.  The user may also output the arrays in a simplified form for easy viewing of distribution gradients using array plots.  The array plot is a simplified picture of the physical parameter distribution.  The plot subroutine finds the minimum (AMIN) and maximum (AMAX) values of the array APLOT.  A new array AOUT is constructed using the normalized parameter values given by



AV  	=  	(APLOT(I,J,K)  -  AMIN)/ADIF



where



ADIF 	= 	AMAX -AMIN > 0.001



The alphanumeric values of AOUT are defined as follows:



AOUT Symbol		Condition

-	ADIF	<	0.001 or AV < 0.005

1	.05	<	AV 	<	.15

2	.15	<	AV 	<	.25

3	.25	<	AV 	<	.35

4	.35	<	AV 	<	.45

5	.45	<	AV 	<	.55

6	.55	<	AV-	<	.65

7	.65	<	AV	<	.75

8	.75	<	AV	<	.85

9	.85	<	AV	<	.95

T	.95	<	AV



This information highlights changes in parameter values and lets the user visually monitor information such as the movements of pressure pulses and saturation fronts.  The output array AOUT is printed such that it can be used for drawing a rough contour map.





4.1.3	POST-PLOT PACKAGE



The user may elect to output in tabular and line printer plot form a number of fieldwide quantities as functions of time step number.



These quantities include:



-	oil production rate

-	gas production rate

-	water production rate

-	produced gas/oil ratio

-	produced water/oil ratio

-	gas injection rate

-	water injection rate

-	pore volume weighted average reservoir pressure

-	aquifer influx rate

-	cumulative aquifer influx

-	cumulative oil production

-	cumulative gas production

-	cumulative water production

-	cumulative gas injection

-	cumulative water injection



The tables and plots provide a compact summary of simulated fieldwide performance.  This information can be especially useful in quickly evaluating history match runs.



The number of plot lines along the time axis per time step may be either determined automatically or input by the user.  If determined automatically, the total number of time steps run (ITSMAX) is used to determine the plot length as follows:



If 1 	<	ITSMAX <	50, 	then plot length 	= 50   lines;

If 50 	<	ITSMAX <	100,	then plot length 	= 100 lines;

If 100 	<	ITSMAX <	250,	then plot length 	= 150 lines;

If 250 	<	ITSMAX <	400,	then plot length 	= 200 lines;

If 400 	<	ITSMAX, then plot length = 250 lines.





4.1.4	INPUT DATA CHECKS AND ERROR MESSAGES



Fatal Errors:



I.	Tests applied to distributions (arrays).



-  Message:

GRID BLOCK DX ERROR AT IJK =

GRID BLOCK DY ERROR AT IJK =

GRID BLOCK DZ ERROR AT IJK =

GRID BLOCK DZNET ERROR AT IJK =

Meaning:  grid block size is negative.



-  Message:

POROSITY ERROR AT IJK =

Meaning:  porosity is negative or greater than 1.0.



-  Message:

GRID BLOCK KX ERROR AT IJK =

GRID BLOCK KY ERROR AT IJK =

GRID BLOCK KZ ERROR AT IJK =

Meaning:  permeability is negative.



-  Message:

GRID BLOCK TX ERROR AT IJK =

GRID BLOCK TY ERROR AT IJK =

GRID BLOCK TZ ERROR AT IJK =

Meaning: transmissibility is negative.



-  Message:

INIT P ERROR AT GRID BLOCK IJK =

Meaning: initial pressure is negative.



-  Message:

INIT SO ERROR AT GRID BLOCK IJK =

INIT SW ERROR AT GRID BLOCK IJK =

INIT SG ERROR AT GRID BLOCK IJK =

INIT SAT SUM ERROR AT GRID BLOCK IJK =

Meaning: initial saturation is negative or greater than 1.0; or sum of initial saturations exceeds 1.0.





II.	Test Applied to Saturation Dependent Properties



-  Message:

SAT ERROR FOR ROCK REGION . . .

FIRST SAT ENTRY FOR ROCK REGION . . .

LAST SAT ENTRY FOR ROCK REGION . . .

Meaning:	saturations for relative permeability and capillary pressure tables should start at -0.1 and end at +1.10. All other saturations should be between 0.0 and 1.0.  If these constraints are not met, a message is printed.



-   Message:

KROW ERROR FOR ROCK REGION . . .

KRW ERROR FOR ROCK REGION . . .

KRG ERROR FOR ROCK REGION . . .

 KROG ERROR FOR ROCK REGION . . .

3-PHASE SWR ERROR FOR ROCK REGION . . .

Meaning:	the relative permeability values and three-phase irreducible water saturation values should be between 0.0 and 1.0; if not, a message is printed.



-  Message:

PCOW ERROR FOR ROCK REGION . . .

PCGO ERROR FOR ROCK REGION . . .

Meaning:  capillary pressure is negative.





III.  Tests Applied to Pressure Dependent Properties



-   Message:

POT ERROR FOR PVT REGION . . . 

PWT ERROR FOR PVT REGION . . . 

PGT ERROR FOR PVT REGION . . .

ROCK PRES ERROR FOR PVT REGION . . .

Meaning:  pressure is negative or entry I is less than I-1.



-  Message:

MUO ERROR FOR PVT REGION . . .

BO ERROR FOR PVT REGION . . .

RSO ERROR FOR PVT REGION . . .

MUW ERROR FOR PVT REGION . . .

BW ERROR FOR PVT REGION . . .

RSW ERROR FOR PVT REGION . . .

MUG ERROR FOR PVT REGION . . .

BG ERROR FOR PVT REGION . . .

PSEUDO-PRES ERROR FOR PVT REGION . . .

CR ERROR FOR PVT REGION . . .

Meaning:  property is negative.



-  Message:

ZANDC ERROR (IERR = . . .

VISCY ERRORS (IERR = . . .

Meaning: error occurred in calculating gas properties from standard correlations.



-  Message:

OIL DENSITY FOR PVT REGION . . . 

WATER DENSITY FOR PVT REGION . . . 

GAS DENSITY FOR PVT REGION . . . 

Meaning:  density at standard conditions is negative.



-  Message:

	OIL COMP ERROR FOR PVT REGION . . . 

	WATER COMP ERROR FOR PVT REGION . . .

	GAS COMP ERROR FOR PVT REGION . . 

Meaning:  a negative compressibility is computed for the given PVT data.



-  Message:

	BUBBLE POINT PRESSURE ERROR IN . . .

Meaning:  bubble point pressure is negative.



IV.	Tests applied to Codes.



-  Message:

NO. OF X-DIRECTION BLOCKS CANNOT EXCEED . . .

NO. OF Y-DIRECTION BLOCKS CANNOT EXCEED . . . 

NO. OF Z-DIRECTION BLOCKS CANNOT EXCEED . . . 

Meaning:	maximum number of user-specified grid blocks in the stated direction exceeds the allowed number.



-  Message:

IMPROPER SOLUTION METHOD SPECIFIED, KSOL=(#)

Meaning:  solution method code specified is invalid



-  Message:

GAUS1D ERROR:  NX CANNOT EXCEED . . . 

GAUS1D ERROR:  NY CANNOT EXCEED . . .

GAUS1D ERROR:  NZ CANNOT EXCEED . . .

Meaning:	number of user-specified blocks in the given direction exceeds the allowed number of blocks for the KSOL = 1 solution method.



-  Message:

LSORX ERROR:  NX CANNOT EXCEED . . . 

LSORY ERROR:  NY CANNOT EXCEED . . . 

LSORZ ERROR:  NZ CANNOT EXCEED . . .

Meaning:	number of user-specified grid blocks in the given direction exceeds the allowed number of blocks for the KSOL = (2,3, or 4) method.



-  Message:

LSOR ERROR:  MAX NO. OF GRID . . .

Meaning:	total number of user-specified grid blocks exceeds the allowed number of blocks for the LSOR solution methods.



-  Message:

MAX # OF TIME STEPS ERROR.

Meaning:  maximum number of time steps is less than 1.



-  Message:

FACT1 ERROR

WORMAX ERROR

GORMAX ERROR

Meaning:  parameter is negative.



-  Message:

TMAX ERROR

PAMIN ERROR

DPMAX ERROR

Meaning:  parameter is equal to or less than zero.



-  Message:

DSMAX ERROR

FACT2 ERROR

Meaning: parameter is less than or equal to zero, or parameter is greater than 1.0.



Warning Messages:



I.	Tests Applied to PVT Data 



-  Message:

VSLOPE FOR PVT REGION . . .

BSLOPE FOR PVT REGION . . . 

RSLOPE FOR PVT REGION . . .

Meaning:  undersaturated PVT property slope has an atypical value.



II.	Tests Applied to Codes.



-  Message:

SOR DEBUG OUTPUT ON

SOLN METHOD DEBUG OUTPUT ON 

COMP AND FVF DEBUG OUTPUT ON 

DEN AND SAT DEBUG OUTPUT ON

Meaning:	KSN1, KSM1, KC01, or KCOF is not equal to zero.  Substantial output may be generated.



-  Message:

ALLOWED # OF SOR ITER LESS THAN 1

Meaning:  MITER is  zero or negative.



-Message:

OMEGA LT 1 OR OMEGA GT 2

Meaning:  SOR acceleration parameter ( has an atypical value.



-  Message:

TOL1 IS NEGATIVE

Meaning:  SOR parameter for changing ( has an atypical value.





4.2	COMPARISON OF BOAST II PC WITH COMMERCIAL SIMULATORS



The PC version of BOAST II produces essentially the same results as its mainframe predecessor.  For problems with few grid blocks and time steps such as examples 1,2, and 3, the PC is capable of producing almost exactly the same results as a larger computer.  Figures 1 and 2 show the close agreement achieved on example 3 between BOAST II PC and BOAST II run on the Bartlesville Project Office mainframe computer.  On larger problems like examples 4, 6, and 7 on the diskettes, the differences between the values produced by the PC and the mainframe are somewhat larger.  Figures 3 and 4, plotted for Example 7, illustrate the differences which occur between the mainframe and personal computer versions.



In addition, the results given by BOAST II PC still fit published simulator comparisons nearly as well, and in some cases better, than previous versions of BOAST.  In Figures 5 and 6, results from Reference 1 for two commercial simulators are compared with BOAST II PC results for Example 4. Figures 7-14 give results from References 3 and 4 for the SPE Comparative Solution Project.  BOAST II PC results are included in the comparison.  Reference 3 should be consulted for a discussion of the SPE problem and the various commercial simulators.  Figures 7-14 show that BOAST II PC achieves results which are comparable to other simulators.
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FIGURE 1, Example 3  --  OIL PRODUCTION RATE VS. TIME

COMPARISION OF MAINFRAME & PC
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FIGURE 2,  Example 3  --  GAS OIL RATIO VS. TIME
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FIGURE 3  Example 7  --  OIL PRODUCTION RATE VS. TIME
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FIGURE 4  Example 7  -  GAS OIL RATIO VS. TIME
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FIGURE 5  (Reference 1)  --  OIL PRODUCTION VS. TIME

EXAMPLE 4
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FIGURE 6 (Reference 1)  --  PRODUCTION WELL BLOCK PRESSURE VS. TIME

FOR EXAMPLE 4

�

�







































FIGURE 7  (Reference 4)  --  OIL PRODUCTION RATE VS. TIME

SPE COMPARATIVE SOLUTION-CASE 1
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FIGURE 8  (Reference 4)  --  GAS OIL RATIO VS. TIME FOR

SPE COMPARATIVE SOLUTION-CASE 1
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FIGURE 9  (Reference 4)  --  PRESSURE AT PRODUCTION WELL CELL

SPE COMPARATIVE SOLUTON-CASE 1
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FIGURE 10  (Reference 4)  --  PRESSURE AT INJECTION WELL CELL

SPE COMPARATIVE SOLUTION-CASE 1
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FIGURE 11  (Reference 4)  --  OIL PRODUCTION RATE VS. TIME

SPE COMPARATIVE SOLUTION-CASE 2
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FIGURE 12  (Reference 4)  --  GAS OIL RATIO VS. TIME 

FOR SPE COMPARATIVE SOLUTION-CASE 2
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FIGURE 13  (Reference 4)  --  PRESSURE AT PRODUCTION WELL CELL

SPE COMPARATIVE SOLUTION-CASE 2
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FIGURE 14  (Reference 4)  --  PRESSURE AT INJECTION WELL CELL

SPE COMPARATIVE SOLUTION-CASE 2
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�APPENDIX A

PROGRAM DIMENSIONS





Listed below are the parameters and their maximum value as set forth in the executable code given on the diskette.



PARAMETER	VALUE	MEANING	MAXIMUM



	LP1	NX	Max X-direction grid blocks	13

	LP2	NY	Max Y-direction grid blocks	10

	LP3	NZ	Max Z-direction grid blocks	4

	LP7	NROCK	Max ROCK regions	3

	LP8	NPVT	Max PVT regions	3

	LP9	NTE	Max number of input data table entries per region	25

					(applies to ROCK and PVT)

	LP10	NRPMAX	Larger of NROCK and NPVT	3

	LP11	NW	Max number of  allowed  wells	50

	LP12	ITSMAX 	Max number of time steps included in post-plot	1000

			options

	LP14	TOT2D	Max blocks using 2D or 3D direct solution methods	1

	LP15	TOT1D	Max blocks using 1D direct solution methods	13

	LP17	NRST	Max number of allowed restart records	5



�APPENDIX B

INSTRUCTIONS FOR COMPILING THE BOAST II PROGRAM

ON MICROSOFT VERSION 4.0





1.	Copy all the files related to BOAST II into a separate directory on a hard disk.



2.	To compile all of the FORTRAN files, use the FL command like this: 

		FL/c MAIN.FOR BLOCK1.FOR BLOCK2.FOR ......



3. 	To link the object modules together, use the FL or LINK command like this:

		FL *.OBJ /link

	or:  	LINK



4.	While compiling MAIN.FOR and BLOCK8.FOR, the compiler will give a warning that the function is too large for the post-optimizer.  The user should ignore this, because it compiles and runs the program with no problems.
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