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NOTICE

The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall have
no liability, consequential or otherwise, of any kind arising
from the use of this program material or any part thereof.
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HEWLETT-PACKARD LISTENS

To provide better calculator support for you, the Application Engineering group needs your
help. Your timely inputs enable us to provide higher quality software and improve the existing
application pacs for your calculator. Your reply will be extremely helpful in this effort.

1. Pac name

2. How important was the availability of this pac in making your decision to buy a Hewlett-
Packard calculator?
0 Would not buy without it. O Important 7 Not important

3. What is the major application area for which you purchased the pac?

4. In the list below, please rate the usefulness of the programs in this pac.
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1 10
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3 12
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6 15
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5. Did you purchase a printer? 2 YES 0 NO
It you did, is the printing format in this pac useful? O YES 0 NO

6.  What programs would you add to this pac?

7. What additional application pacs would you like to see developed?

THANK YOU FOR YOUR TIME AND COOPERATION.

Name Position
Company
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City State
Zip Phone
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INTRODUCTION

The HP-41 Petroleum Fluids Pac is designed to aid in the rapid
estimation of petroleum reservoir fluid properties. The Pac may be
divided into three sections: natural gases, oils, and reservoir brines.

All three sections contain programs which estimate the isothermal
coefficient of compressibility, formation volume factor, and viscosity.

The programs in the natural gas section also allow the computation of
pseudocritical temperature and pressure, gas gravity, heating values,
and specific heats.

The oil section programs also determine gas-oil ratio, bubble point
pressure, and two-phase formation volume factor. The section on water
also includes a program to estimate gas-water ratio.

Two other programs in the Pac estimate rock compressibility and total
isothermal coefficient of compressibility for a gas-, oil-, and water-
saturated formation.

This Pac has many useful features that provide an added dimension of
friendliness and utility to calculator software. These capabilities are
illustrated in various sections of the manual. The full power of the Pac
will be available to you if you take the time to try Example 1 of each
program, and to read The Petroleum Engineering Unit Management
System.

Each program in this Pac is represented by one program in the
Application Module and a section in this manual. Each section includes
the following:

®  Adescription of each program.
® The equations on which the program is based.

= Instructions for calling the calculation portion of the program as a
subroutine.

® Therange of inputs over which the calculated results are valid.

= References for further information on the theory behind the
calculations performed or the correlations used.

B Asetofinstructions for using the program.

= Example problems, each of which includes a list of the keystrokes
required for its solution.




Before plugging in your Application Module, turn your calculator off,
and be sure you understand the section Inserting and Removing
Application Modules. Before using a particular program, take a few
minutes to read Format of User Instructions, and A Word About
Program Usage.

You should first familiarize yourself with a program by running it once
or twice while following the complete User Instructions in the manual.
Thereafter, the program’s prompting should provide the necessary
instructions, including which variables are to be input, which keys are
to be pressed, and which values will be output.

We hope this Pac will assist you in the solution of numerous problems in
your discipline. We would appreciate knowing your reactions to the
programs, and to this end we have provided a questionnaire inside the
front cover of this manual. Would you please take a few minutes to give
us your comments on these programs? It is from your comments that we
learn how to increase the usefulness of our programs.

Acknowledgements:

Hewlett-Packard wishes to thank Mr. D. N. Meehan of Champlin
Petroleum Company and Dr. H. J. Ramey of the Department of
Petroleum Engineering at Stanford University for their assistance in
the definition, implementation, and review of the material in this Pac.
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INSERTING AND REMOVING APPLICATION MODULES

Before you insert an Application Module for the first time, familiarize

yourself with the following information.

Up to four Application Modules can be plugged into the ports on the
HP-41. While plugged in, the names of all programs contained in the
Module can be displayed by pressing ll[CATALOG]2.

CAUTION

Always turn the HP-41 off before inserting or removing any plug-in
extension or accessories. Failure to turn the HP-41 off could

damage both the calculator and the accessory.

To insert Application Modules:

1. Turn the HP-41 off! Failure to turn
the calculator off could damage both
the Module and the calculator.

2. Remove the port covers. Remember to
save the port covers; they should be
inserted into the empty ports when
no extensions are inserted.

3. Insert the Application Module with
the label facing downward as shown,
into any port after the last Memory
Module. For example, if you have a
Memory Module inserted in port 1,
you can insert an Application Module
in any of ports 2, 3, or 4. (The port
numbers are shown on the back of
the calculator.) Never insert an
Application Module into a lower
numbered port than a Memory
Module.
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Inserting and Removing Application Modules

4. If you have additional Application
Modules to insert, plug them into any
port after the last Memory Module.
Be sure to place port covers over
unused ports.

5. Turn the calculator on and follow the
instructions given in this book for the
desired application functions.

To remove Application Modules:

1. Turn the HP-41 off! Failure to do so
could damage both the calculator
and the Module.

2. Grasp the desired Module handle and
pull it out as shown.

3. Place a port cap into the empty ports.

Mixing Memory Modules and Application Modules

Any optional accessories (such as the HP 82104A Card Reader, or the
HP 82153A Wand) should be treated in the same manner as Application
Modules. That is, they can be plugged into any port after the last
Memory Module. Also, the HP-41 should be turned off prior to insertion
or removal of these extensions.

The HP-41 allows you to leave gaps in the port sequence when mixing
Memory and Application Modules. For example, you can plug a Memory
Module into port 1 and an Application Module into port 4, leaving ports
2 and 3 empty.
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FORMAT OF USER INSTRUCTIONS

The User Instruction Form—which accompanies each program—is your
guide to operating the programs in this Pac.

The form is composed of five labeled columns. Reading from left to right,
the first column, labeled STEP, gives the instruction step number.

The INSTRUCTIONS column gives instructions and comments
concerning the operations to be performed.

The INPUT column specifies the input data or the appropriate ALPHA
response to a prompted question. Data input keys consist of 0 to 9 and
the decimal point (the numeric keys), (enter exponent), and
(change sign).

The FUNCTION column specifies the keys to be pressed after keying in
the corresponding input data.

The DISPLAY column specifies prompts, intermediate and final
answers, and their units, where applicable.

Above the DISPLAY column is a box which specifies the minimum
number of data storage registers necessary to execute the program.
Refer to the Owner’s Handbook for information on how the
function affects storage register configuration.

The following illustrates the User Instruction Form for the Gas
Isothermal Compressibility program.

SIZE: 018
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. XEQ|CG Te=?
2 Key in pseudocritical temperature. Tc Pc=?
3 |Key in pseudocritical pressure. Pc [R/S] T=?
4 Key in temperature T R/S P=?
5  |Key in pressure and calculate CG. P CG=t
R/S]* p—2
6 For a new pressure, go to step 5. For
a new case, go to step 1. Key in only
values which change. For values
which do not change, ignare the
prompts and press [R/S|.
* Press [R/S |if you are not using a
printer.
tPress [ALPHA  to see the units if
you are not using a printer.
8
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A WORD ABOUT PROGRAM USAGE

Using This Manual

Here are several tips that will help you understand the various parts of
the manual for the Petroleum Fluids Pac.

1. Unless specified differently in the examples, all examples assume
flags 09 and 10 are clear, the display format is 4, and the
display mode is flag 28 set and flag 29 clear. (The importance of
flags 09 and 10 is discussed in the section on The Petroleum
Engineering Unit Management System.)

2. Each variable is given a name that corresponds to the petroleum
industry symbol for that variable. All the variables, their names,
and their default English and SI units are listed for easy reference
in Appendix C. For oil property variables, the name refers to the
property above the bubble point. Properties at or below the bubble
point have a “BP” or a “b”, respectively, on the end of this name.
The name of each program is the same as the variable being
calculated by the program. Qil property programs have the name of
the variable above the bubble point.

3. In every section of the manual that describes a program, the first
example shows how to use the program. Subsequent examples
illustrate the use of Pac subroutines for users wanting to create their
own programs. If you do not plan to write your own programs, you
should ignore these examples. They will only confuse you with
unnecessary details about the internal structure of the Pac. If you do
plan to write your own programs using the Pac subroutines, refer to
General Purpose, Input, and I/ 0 Subroutines for Programmers.

4. Ifyourun a program, and it halts with the following display:
SIZE>=nnn
it means you need at least nnn data registers to run the program.
Set the size needed by pressing [XEQ][ALPHA]SIZE [ALPHA]nnn. Then
press to continue running the program.

5. The “Range of Validity” section that accompanies each program
description is a guide to the range of inputs that will yield an output
with a reasonable error. In general, this is the range of values
typically encountered in petroleum engineering problems. No error
checking is done on these validity ranges. You can use the programs
outside the range of validity, but the error may not be acceptable. In
some cases, the correlation used will not model real fluid behavior at
all outside the range of validity. In those cases where the validity
range must not be exceeded, the program will halt with an
appropriate error message.
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6. Unless otherwise noted, the “Equations” section of each program
assumes that all the variables are in Pac English default units.

7. Normally, separator pressures are given in gauge pressure units.
Consistent with all pressures used in the Pac, the separator
pressures you key in must be in absolute pressure units.

8. Five of the programs estimate brine properties as a function of
salinity. For those programs, the salt content is assumed to be 100%
sodium chloride.

9. The programs are intended to provide a means to make rapid
estimates of petroleum fluid properties. The programs are based
primarily on empirical correlations. If you have actual fluid
property data from an analysis, you should use that instead.

Catalog

When an Application Module is plugged into a port of the HP-41, the
contents of the Module can be reviewed by pressing [l 2 (the
Extension Catalog). Executing the function lists the name of
each program or function in the Module, as well as functions of any
other extensions which might be plugged in.

ALPHA and USER Mode Notation

This manual uses a special notation to signify ALPHA mode. Whenever
a statement on the User Instruction Form is printed in gold, the
key must be pressed before the statement can be keyed in. After the
statement is input, press again to return the calculator to its
normal operating mode, or to begin program execution. For example,
[XEQ]Z means press [XEQ][ALPHA]Z [ALPHA].

When the calculator is in USER mode, this manual will use the symbols
[A]—[J]) and [ [A)— ¥ [E] to refer to the reassigned keys in the top two
rows. These key designations will appear on the User Instruction Form
and in the keystroke solutions to sample problems.

Optional Printer

When an optional printer is plugged into the HP-41 along with the
Petroleum Fluids Application Module, inputs and results will be printed
automatically.

Downloading Module Programs

If you wish to trace execution, to modify, or to record on magnetic cards
a program in this Application Module, it must first be copied into the
HP-41’s program memory. For information concerning the HP-41’s
[CoPY]function, see the Owner’s Handbook. It is not necessary to copy a

R (o o O (O O O (O
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A Word About Program Usage 11

program in order to run it. Some programs in this Pac are written in
machine language and may not be copied.

Note that since all the programs in the Petroleum Fluids Pac call
subroutines in the Pac, you will still need the Petroleum Fluids
Application Module plugged into a port in order to run a copied
program.

Use of Labels

You should generally avoid writing programs into the calculator
memory that use program labels identical to those in your Application
Module. In case of a label conflict, the label within program memory has
priority over the label within the Application Module.

This feature can be used to substitute your preferred fluid property
correlations for those used in the Pac. See item 6 in the Block Structure
section of General Purpose, Input, and I/0 Subroutines for
Programmers.

Label Conflicts With Other Application Pacs

Five labels used in the Petroleum Fluids Pac have the same name as
those used in other Pacs. If you have this Pac and another Pac plugged
into your HP-41 at the same time, you should make sure that the Pac
whose programs you want to use is in the lowest-numbered port to
avoid conflicting use of these labels.

Label Pac
CG Aviation
COMP Surveying
RS Circuit Analysis
ouT Real Estate
P Games, Navigation, Standard

Assigning Program Names

Key assignments to keys [A]—[J]and B [A]— [ [E]take priority over the
automatic assignments of local labels in the Application Module. Be
sure to clear previously assigned functions before executing a Module
program.




THE PETROLEUM ENGINEERING
UNIT MANAGEMENT SYSTEM

In many applications, the difficulty of computation is secondary to the
difficulties of unit conversions and dimensional homogeneity. The
programs in the HP-41 Petroleum Fluids Pac were written to solve both
the computational and the dimensional aspects of your problems.

Responding to Input Prompts

Suppose a program prompts you for an input of pressure, as follows:
P=2?

You would respond by keying in a number and, optionally, the units

associated with that number. The desired units would be input by

pressing the [ALPHA] key and spelling the Pac’s abbreviation for the
units. Then press [R/S]to continue running the program.

For a pressure of 103 atmospheres, you would respond with the
following:

103 [ALPHA]ATM [R/S]

Inputs With the Printer

If the optional printer is plugged into the HP-41, the inputs will be
printed. For the above example, the input would be printed as follows:

P=163.0888 ATk

Responding to Output Prompts

The units of outputs may also be specified. The program will beep, stop,
and prompt you for units where required. For a pending output of gas
formation volume factor (BG), the following would be displayed:

BG. FT3/SCF?

This prompt means that the next output will be BG in cubic feet per
standard cubic foot. If FT3/SCF is acceptable, simply press [R/S]. If you
prefer some other unit, key it in and press [R/S].

For a formation volume factor in BBL./SCF, you would respond with the
following:

BBL/SCF
The program halted in ALPHA mode, so you do not need to press the
[ALPHAkey before you key in the units.

12
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The Petroleum Engineering Unit Management System 13

Outputs With and Without the Printer

If the optional printer is plugged into the HP-41, the outputs will be
printed. For the above example, the output would be printed as follows:

8G=08.08828 BEL-SCF

If the printer is not plugged in, the program will stop to show you the
output, like this:

BG=0.0020

When the program halts, the units will be in the ALPHA register. To see
the units, press [ALPHA].
BBL/SCF

Then press to continue running the program.

Changing Output Units Using Flag 10

The Pac uses flag 10 to control whether or not the program stops to
allow you to change the output units. If you want the program to stop
and prompt you for output units as illustrated above, set flag 10 (B (sF)
10).

If you do not want the program to stop on output, but instead to select
units automatically for you, clear flag 10 ( 10). The units selected
automatically will be either English or SI units, as will be discussed
shortly.

The status of flag 10 (set or clear) is remembered by the HP-41
when it is turned off, and is never altered by any program in the
Pac. This means you only have to set or clear the flag once. You will
probably set or clear it periodically while using the programs in the Pac,
depending on whether or not you want to specify units other than those
selected automatically. Example 1 of the Qil Isothermal Compressibility
program shows how to use flag 10 in this manner. Example 1 of the Gas
Isothermal Compressibility and Water Viscosity programs also
illustrate the use of flag 10.

Default Units

Every variable used in the Pac has either English or SI units assigned to
it by default; that is, automatically assigned. These default units are
shown by category in Table 1. When you are responding to an input
prompt, the default units for that input are in the ALPHA register. If
you are not sure what unit has been assigned to the input variable, press
to check. If the default unit is acceptable, press [R/S]. If you
want a different unit, key it in as shown before, and then press [R/S]. (If
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the display is blank when you press [ALPHA], it means the variable is
dimensionless, and no units are required.)

For the example at the beginning of the section, when you pressed
in response to the P=? prompt, you would have seen PS/, the
default unit for pressure.

As you have seen, when you respond to an output prompt, the units are
displayed as part of the prompt. If flag 10 is clear, the default units will
be automatically selected for you, since the program will not halt to
allow you to change them.

Whenever either an input or output prompt appears, the number in X
will always correspond to the units shown in the ALPHA register. This
is illustrated in Example 1 of the Water Viscosity program.

In response to an input or output prompt, you can use any combination
of units from Table 2 that are dimensionally consistent with the default
units for that variable.

Example 1 of the Z Factor program illustrates in detail the use of the
Unit Management System for responding to input prompts with and
without default units.

Table 1: Pac Default Units By Category

English Default Units S| Default Units

Quantity Abbreviation Meaning | Abbreviation Meaning
Pressure " PSI Poundper |  KPA  Kilopascal
square inch
absolute
Critical and R Degree | K Kelvin
pseudocritical Rankine
temperature
All other F Degree C Degree
temperatures Fahrenheit Celsius
Amount of gas SCF Standard SCM Standard
' cubic foot cubic meter
Liquid volume BBL Barrel of M3 Cubic meter
petroleum of petroleum
Qil gravity API Degree API ; KG/M3 Kilogram per |
cubic meter |
Viscosity CP Centipoise | PAxS Pascal-second |
Energy BTU British ‘ KJ Kilojoule ‘

thermal unit |

L O 0 O O
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Using the Same Values for Input Variables

There is a common set of input variables used by all the programs in the
Pac. Each variable has its own unique storage location, and this
location is always reserved for that variable. This is extremely
useful, because it means that if several programs use the same values
for their input variables, those values only need to be entered once. All
other times they are requested by an input prompt, you can just press
[R/S], and the previously stored value will be retained. This is illustrated
in Example 1 of the Pseudocritical Temperature and Pressure from Gas
Gravity program, and in Example 3 of the Oil Formation Volume Factor
program.

Whenever you see an input prompt, you can see what the current value
of that variable is by pressing [«]. The number you see will be in the
units that are in the ALPHA register. Example 1 of the Water Viscosity
program illustrates this.

English or SI Default Units Using Flag 09

Table 1 shows two sets of default units, English and SI (the
International System of Units). The Pac allows you to select the unit
system you use the most often with flag 09. If you set flag 09 ( i [SF]09),
all input and output prompts will be in SI default units. If you clear flag
09 (@ 09), all input and output prompts will be in English default
units.

Like flag 10, the status of flag 09 (set or clear) is remembered by
the HP-41 when it is turned off, and is never altered by any
program in the Pac. This means you only have to set or clear the flag
once, and the default units will always be in the desired unit system
whenever you use the Pac. You may want to use units that are not the
English or SI default units. The available units are listed in Table 3.

Example 1 of the Oil Isothermal Compressibility program illustrates the
use of flag 09 for SI default units.

Shown on the next page is a table to summarize the relationship
between flags 09 and 10.
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Table 2: Relationship Between Flags 09 and 10

Flag 10 Clear

Flag 10 Set

Pac English default units
will be used on input and
output. Program will not

Pac English default units
will be used on input and
output. Program will beep,

Flag 09 Clear halt on output—English stop, and prompt you for
units will be automatically output units.
selected.
Pac Sl default units willbe | Pac Sl default units will be
used on input and output. used on input and output.
Flag 09 Set Program will not halt on Program will beep, stop,

output—SI units will be and prompt you for output
automatically selected. units.

Number of Characters Allowed for Units

When using the programs in the Petroleum Fluids Pac, you may key in
no more than 12 characters for units in response to an input or output
prompt.

Output Units Saved

In addition to providing default units for input and output variables, the
programs in the Pac also save the units of the primary output variable.
Once you have selected the output units you want, you won’t have to
reenter them when the prompt reappears.

The primary output variable is the one the program was named after. In
the Oil Viscosity program, for example, GAS GS, PBP, and RSb are
output in addition to the viscosity, but only the viscosity units will be
saved.

The output units are saved for all programs except Pseudocritical
Temperature and Pressure From Gas Gravity. In the Gas Properties
From Composition program, the output units for either the heating
values or for the specific heats are saved, depending on the response to
the SP.HTS? Y /N question.

Example 1 of the Water Viscosity program illustrates how output units
are saved.

0 O 0 O
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Invalid Units
The unit abbreviations you key in are checked for validity. If you key in
the units of a variable incorrectly, the HP-41 will give you another
chance. If you make an error following an input prompt, the letters you
keyed in followed by a question mark will be displayed. For the previous
input example, the input prompt for pressure was:

P=>

If you had responded with 103 [ALPHA]CP [R/S](viscosity), the following
would have appeared:

CP?
If you make an error following an output prompt, the prompt will be
repeated, followed by the letters you keyed in instead of the original
units. For the previous output example, the output prompt for gas
formation volume factor was:

BG,FT3/SCF?

If you had responded with R (degrees Rankine), the following
would have appeared:

BG.R?

In both cases, ALPHA mode will be on to allow you to change the
incorrect units. Simply key in the correct units and press [R/S]. Errors
made in specifying units fall into the following four categories:

1. The unit control characters (%, /, —, 1-9) were used incorrectly (e.g.,
FT/S/8S). These will be discussed shortly.

2. More than 12 characters were used to specify the units.

3. The units specified were incompatible with the requested input or
output variable (e.g., the prompt was for pressure and the units you
supplied were for viscosity).

4. The abbreviations used were not in the list of basic units shown in
Table 3. Note that no lowercase letters are allowed.

Note: There are a few instances in which the units are valid, but
the number in X is not, specifically when converting either zero or
—131.5 API. For these cases, after the input or output error prompt
appears, press [ALPHA]and key in a valid number. Then press

to continue running the program.
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*Due to the additive nature of the APl conversion, AP may not appear with other units using "'+

The Petroleum Engineering Unit Management System

Table 3: Petroleum Engineering Basic Units

HP-41
Abbreviation

ACRE
API

ATM
BAR
BBL
BCF

BTU

Cc

CAL
CM
CP
CSsT

DAY
DYNE
ERG

FT
FTH20

GAL
GALUK
HP

HR
IN
INHG

INH20

Name

acre
degree API*

atmosphere

bar

barrel of petroleum
billion standard
cubic feet of gast
British Thermal
Unit (IST)t

degree Celsius

calorie (IST)t
centimeter
centipoise
centistoke

darcy

day

dyne

erg

degree Fahrenheit

foot

foot of water
(39.2°F)

gram
gallon(U.S))
gallon (U.K.)
horsepower

(550 ft=Ibf/s)
hour (mean solar)
inch

inch of mercury
(60 F)

inch of water (60 F)
joule

tInternational Steam Table.

+The units of volume at standard conditions are equivalent to an amount of substance, not to a
length cubed. Therefore, SCF, SCM, SCMZ, and related units are not dimensionally consistent

with other volume units such as FT3, M3, BBL, etc

Multiplicative
Conversion Constant

4.046856422 x 103
1.413643345 x 105/
(APl + 131.5)
1.01325 x 10%

1.0 X105
1.589872949 x 10!
1.1953 x 108

1.055056 X 103

1.0 10°
(+273.15)
41868 < 10°
1.0 X102
1.0x10°3
1.0x10 6
9.869233 x 10713
8.64 x 10°
1.0x10°°
1.0x1077

(F +459.67) <
5.5655555555 x 10 !
3.048 x 107"
2.98898 x 103

1.0x10 3
3.785411784 x 10 3
4546087 X 10 3
7.4569987 x 10?2

3.6 X103
25410 2
3.37685 x 103

2.4884 % 102
1.0 x10°

Homogenous
Sl Unit

m2

kg/m3

Pa

Pa

m3

kg-mol

J

K

(I
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HP-41
Abbreviation
K
KCAL
KG
KGF
KIP
KJ
KM
KMOL
KPA
KSI
KT
KW
L
LBF
LBM

MBAR
MCF

MD
MG
Mi
MIN
MJ
ML
MM
MMCF

MMHG

MN
MO
MOL
MPA
MT
MW

PA
PSF

Name

Kelvin
kilocalorie (IST)t
kilogram
kilogram force
kilopound force
kilojoule
kilometer
kilomole
kilopascal

kip per square inch
kilotonne
kilowatt

liter

pound force
pound mass
meter

millibar
thousand standard
cubic feet of gast
millidarcy
megagram

mile

minute
megajoule
milliliter
millimeter
million standard
cubic feet of gasi
millimeter of
mercury (60 F)
meganewton
month

mole
megapascal
megatonne
megawatt
newton

poise

pascal

pound force per
square foot

tinternational Steam Table

Multiplicative

Conversion Constant

1.0 %100
4.1868 % 1083

1.0 X100
9.80665 < 10°
4.448221615 X 103
1.0 X103
1.0x103

1.0x103

1.0x10°
6.8947572 x 108
1.0 x 108
1.0x103
1.0x1073
4448221615 x 10°
45359237 X 107!
1.0x10°

1.0 X102
1.1953 X 10°

9.869233x 1016
1.0 X103
1.609344 % 103
6.0 x 10!

1.0 <108
1.0x10°8
1.0x10°3
1.1953 x 103

1.333224 x 102

1.0 108
2.628 % 108

1.0x 109
1.0 < 108

1.0 x10°
1.0 X 108
1.0x100
1.0x107"

1.0 109
4.788025898 < 10’

The Petroleum Engineering Unit Management System 19

Homogenous
Sl Unit

K
J

kg

kg-mol

mol
Pa
kg

Pa's
Pa
Pa

tThe units of volume at standard conditions are equivalent to an amount of substance, not to a
length cubed. Therefore, SCF, SCM, SCMZ, and related units are not dimensionally consistent
with other volume units such as FT3, M3, BBL, etc
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HP-41 Name Multiplicative Homogenous
Abbreviation Conversion Constant S| Unit
PSI pound force per 6.894757293 x 10°  Pa
square inch

R degree Rankine 5555555565 x 101 K

S second 1.0 X100 s

SCF standard cubic foot 1.1953 x10 3 kg-mol
(60 F, 14.696 psi)t

SCM standard cubic meter  4.22932 X 10 2 kg-mol
(15 C, 101.325 kPa)t

scMmz standard cubic meter 4.46158 % 10 2 kg-mol
(0C, 101.325kPa)}

SPGR specific gravity 9.990412333 x 102 kg/m?3
relative to water
(60 F)

ST stoke 1.0x107* m2/s

T tonne (metric ton, 1.0 %103 kg
1000 kg)

THERM 10% Btu 1.055056 x 108 J

TON shortton (2000 Ibm)  9.0718474 X 102 kg

TONUK long ton (2240 Ibm) 1.016046909 x 103 kg

TORR torr (O C) 1.33322 x 102 Pa

UM micrometer 1.0x10°6 m

w watt 1.0x 100 wW

YD yard 9.144 10! m

YR year (calendar) 3.1536 x 107 s
null string 1.0 X100

$The units of volume at standard conditions are equivalent to an amount of substance, not to a
length cubed. Therefore, SCF, SCM, SCMZ, and related units are not dimensionally consistent
with other volume units such as FT3, M3, BBL, etc

A Comment on Terminology

The “homogenous SI units” are the SI equivalents of each basic unit in
Table 3. The “Pac default units” are the combinations of these basic
units expected by the different variables in the Pac. Table 1 lists the Pac
default units used by each general category of variables (such as all the
pressures, all the viscosities, etc.) Appendix C is a list of all the specific
variables used in the Pac (such as separator pressure, dead oil viscosity,
etc.) and the Pac default units for these variables.

Using the Unit Control Characters

The basic units from Table 3 may be combined into unit strings using
the unit control characters (x, /, —, 1-9). The “*” means multiply, and the
“/” means divide. Digits 1-9 indicate the power to which a unit should be

1 (0 O

|



LI 4 3 L

The Petroleum Engineering Unit Management System 21

raised. Only single digits are used as exponents. For instance, an
acceleration in feet per second squared would be keyed in as:

FT/S+S
or
FT/S2

Legal unit strings for volumetric flow rate include, but are far from
limited to:

FT3/8
M=CM+IN/MIN
FT3*HR/S82

etc.

Only one divide sign is allowed in the unit string. Thus, all units to the
right of the divide sign are included in the denominator.

In response to an input or output prompt, you can use any combination
of units from Table 3 that are dimensionally consistent with the default
units for that variable.

Using [CON]and [INCON

There will probably be occasions when you wish to use the Unit
Management System directly from the keyboard. Two functions,
and [INCON], form the basis of the system. means conversion, and
means inverse conversion. Both functions look at the characters
in the ALPHA register, decide, based on these characters, what
conversions need to be done, and perform these conversions on the value
in the X register.

The characters keyed into the ALPHA register form a unit equation.
They tell the HP-41 the units of the value in X and the units to which the
value should be converted. For instance, to convert from feet to inches,
the unit equation would be as follows:

FT-IN

Notice that the dash or minus sign is read “converted to.” Therefore, the
unit equation says ‘“feet converted to inches.” If we execute with
this unit equation in the ALPHA register, the value in X will be
converted from feet to inches. If we execute [INCON], the inverse
conversion will be performed, and the value in X will be converted from
inches to feet. In either case, LAST X will contain the original value of
X, the Y, Z, and T registers will be unaffected, and the ALPHA register
will be unchanged.

A shortcut is available if you wish to convert to or from SI units. In such
cases, you do not need to specify the right hand side of the unit equation.
To convert from feet to meters, for example, simply key “FT" into the
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ALPHA register and execute [CON]. Since the meter is the SI unit of
length, it will be assumed for the right side of the unit equation. Table 2
defines the homogenous SI units used in the Pac.

Number of Characters Allowed in Unit Equation

When using [CON] and [INCON]J, you may key in any combination of
alphabetic and unit control characters (*, /, —, 1-9) up to the limit of the
ALPHA register (24 characters). Note that this is different than when
you are using a program in the Petroleum Fluids Pac, in which you are
limited to 12 characters.

User Instructions for [CON]and [INCON

SIZE: any
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Key in unit equation.
Unit Equation
2 Key in numeric value to be converted. Value
3a  |Perform conversion. CON Converted Value
3b  [Perform inverse conversion. INCON Converted Value

4 For a new case, go to steps 1 or 2.
The original value is in LAST X. The
Y, Z, T, and ALPHA registers have not
been altered. Notice that steps 1 and
2 do not have to be done in order.

Note: Because these two functions are written in machine
language, you will not be able to copy, list, or single step through
them.

Example 1:

Convert 212 F to degrees Celsius. Convert 0 C to degrees Fahrenheit.

Keystrokes Display

[ALPHA]F-C [ALPHA]

212 [XEQ][ALPHA]CON [ALPHA| 700.0000 C
0 [XEQ][ALPHA]INCON 32.0000 F

Rl O
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Example 2:

Convert 23 pounds per square inch to atmospheres.

Keystrokes Display
23 PSI-ATM
XEQ|[ALPHA|CON [ALPHA] 1.5651 ATM

Example 3:

Convert 88 feet per second to kilometers per hour. Convert 100
kilometers per hour back to feet per second.

Keystrokes Display

[ALPHA|FT/S-KM/HR

88 [XEQ][ALPHA]CON [ALPHA] 96.5606 KM/HR
100 [XEQ][ALPHA]INCON 91.1344 FT/S
Example 4:

Using the short form SI conversion, convert 10 feet to meters and 4
meters to feet.

Keystrokes Display

10 [ALPHA|FT [ALPHA]

XEQ][ALPHA|CON [ALPHA] 3.0480 M
4 [XEQ][ALPHA]INCON [ALPHA] 13.1234 FT

Example 5:
Perform the following unit conversion:

(BTU) (IN) w
to -
(FTH(F)(S)  (IN?)(C)

Keystrokes Display |

[ALPHA]BTU*IN/FT3*F*S-
W /IN2+C [ALPHA]
20 [XEQ][ALPHA]CON [ALPHA 21.9803 W/IN2«C
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Example 6:
Find the specific gravity of 36 degree API oil.

Keystrokes Display
36 [ALPHAJAPI-SPGR
XEQ]J[ALPHA|CON [ALPHA 0.8448 SPGR

CON]and [INCON]Error Conditions

There are several error conditions which will prevent a unit conversion
from taking place. If any of these conditions is encountered while using
or , the error message /INVALID CONV (invalid conversion)
will be displayed. This error message behaves like any other HP-41 error
message, such as DATA ERROR, etc. If the message occurs, no registers
will have been altered. If flag 25 had been set, it will now be clear. The
error conditions are listed below.

1. ALPHA datain X.

2. Invalid character in unit equation (not *, /, —, 1-9, or A-Z).
3. Zero exponent on unit; e.g., FT0.
4. Multiple dashes in unit equation.
5. Multiple “/” on either side of unit equation.
6. Dimensional inconsistency.
7. Unitnotin Table 2.
8. API with either “*” or /.
9. With API (or API-unit) in ALPHA, attempting with —131.5 in
X or (INCON]with 0 in X.
10. With unit-API in ALPHA, attempting with 0 in X or

with —131.5in X.

0
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ZFACTOR

The Z program estimates the real gas deviation, or Z factor (Z), for
hydrocarbon gases. The technique used by this program was developed
by Dranchuk, Purvis, and Robinson. The Benedict-Webb-Rubin
equation of state was fit to the Z factor surface defined by the Standing-
Katz 7Z factor correlation. The resulting nonlinear equation is then
solved for Z as a function of reduced temperature and pressure using
Newton-Raphson iteration.

Equations:

7 — 0.27 PR
o TR
The pseudoreduced density, p,, is found iteratively:

. (V)
Pri Pr; f’( .Or)

flp)=A Prﬁ +B .Or:)’ +C Pr2 +Dp+E Pr:'{(]- +F P‘r‘2) exp (—F v‘)rz) -G
f'(py) =6A p° + 3B p2+2C pp + D
+E p2[3+F p2(3—2F pH)]exp (—F p/)
A =0.06423
B =0.5353 TR — 0.6123

0.578
TR?

C=0.3151 TR —1.0467 —

D=TR

g - 06816
TR2

F=0.6845

G =0.27PR

Pr, = 0.27PR (initial guess)

TR
26
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Calculation Subroutine:

The calculation subroutine for this program is called CZ (Calculate Z).
Since it is written in machine language, you will not be able to copy, list,
or single step through it. The routine expects TR in Y and PR in X. Upon
return, Z will be in X, TR will be in Y, PR will be in LAST X, and the Z, T,
and ALPHA registers will be cleared.

Range of Validity:
The program will halt and display INVALID TR for reduced
temperatures outside the following range:

1.06 <TR < 3.0

If this occurs, press to see TR. Then restart the program, using
a different T or Tc so that the ratio TR = T/Tc will be within the above
range.

You should be aware that for temperature isotherms corresponding to
reduced temperatures below 1.2, both the algorithm and the experi-
mental data upon which it is based are of questionable validity. If the
accuracy is a significant factor to you, you may want to compute TR to
verify that it is in an acceptable range.

The program will halt and display INVALID PR for pressures outside the
following range:

0<PR <30

If this occurs, press [«] to see PR. Then restart the program, using a
different P or Pc so that the ratio PR = P/Pc will be within the above
range.

Remarks:

The Dranchuk, Purvis, and Robinson correlation has the lowest average
error of the eight most commonly used methods for estimating Z factors.
See the second reference for more details.

References:

Dranchuk, P. M., Purvis, R. A., and Robinson, D. B., “Computer
Calculations of Natural Gas Compressibility Factors Using the
Standing and Katz Correlation,” Institute of Petroleum Technical
Series, No. IP 74-008, 1974.

Takacs, G., “Comparisons Made for Computer Z-Factor Calculations,”
Oil and Gas Journal, Dec. 20, 1976, pp. 64-66.
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User Instructions:

SIZE: 018
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Initialize program. [XEQ])7 Te=?
2 Key in pseudocritical temperature. Tc Pc=?
3 Key in pseudocritical pressure. Pc T=?
4 | Key in temperature. T p=?
5 Key in pressure and calculate Z. P =
R/S]" p=?

6 For a new pressure, go to step 5. For
a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
*Press if you are not using a

printer.

Example 1:

A gas has a pseudocritical temperature of 383 R and a pseudocritical
pressure of 45.4 ATM. At a temperature of 150 C and a pressure of 6340
PSI, what is the Z factor for the gas? Start with size 000 to observe the
program’s response when not enough data registers are available.

Keystrokes Display
[XEQ][ALPHA|SIZE [ALPHA]000
[XEQ][ALPHA]Z [ALPHA] SIZE>=18.0000
[XEQ][ALPHA]SIZE [ALPHA]O18

R/S Te=?
383 R

The key was pressed to check the default units for pseudocritical
temperature. Since R is the abbreviation for degrees Rankine, and the
input is in degrees Rankine, complete the input of temperature by
pressing (it is not necessary to press the key again).

R/S Pc=7?
For pseudocritical pressure, the Pac default units are PSI. Since the

given value is in atmospheres, the abbreviation for atmospheres must
be inputin ALPHA mode.

45 4 | ALPHA PS/
ATM T=2

1R TR (R R O O (O (O O

F
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Similarly, since the Pac default units for temperature are degrees F, and
the given value is in degrees C, the abbreviation for degrees C must be
inputin ALPHA mode.

150 [ALPHA] F
clA/s) P>

Since the default units for pressure are PSI, and the given pressure is in
PSI, simply key in the number and press [R/S].

6340 [R/S] Z=1.1248
¢ FHCITOE
Tc=383. 0666 R
Pc=43. 4888 ATH
T=138, 0886
P=£348.0888 PSI
Z=1.1248

For programmers who want to use Pac calculation subroutines in their
own programs, the following example illustrates the use of these
routines. If you do not intend to use these subroutines in your programs,
you should skip the next example.

Example 2:

For a reduced temperature of 1.5 and a reduced pressure of 5.0, use the
calculation subroutine to compute the Z factor.

Keystrokes Display

15 5

[XEQ][ALPHA|CZ [ALPHA] 0.8110 Z
1.5000 TR
0.0000

0.0000

B(asTy] 5.0000 PR

Notice that TR remained in Y, PR was placed in LAST X, and the rest of
the stack was cleared.



GAS ISOTHERMAL COMPRESSIBILITY

The CG program estimates the isothermal coefficient of compressibility
(CG) for hydrocarbon gases. The Z factor technique developed by
Dranchuk, Purvis, and Robinson was adapted to compute the partial
derivative of Z with respect to pressure at constant temperature. This
derivative is used to compute the pseudoreduced compressibility (CR).
CG is then calculated from CR using the technique developed by Trube.

Equations:

CR
CG=—
Pe

1 1
PR 1+4(p/Z)(3Z/3py)

CR

The pseudoreduced density, p,, is found iteratively using the algorithm
shown in the “Equations” section of the Z Factor program. Coefficients
A B,C,E, and F from that section are used with the calculated value of
py to compute 37/ 3p, as follows:

o/ 1 - .
- 5A pP + 2B p2+C
2 o TR [ Pr Pr Pr

+ 2E .Ur2 (I1+F erz - szrq) exp (—F .Orz)]

Calculation Subroutines:

There are two calculation subroutines for this program. The first
subroutine is called CCG (Calculate CG). The routine expects Pc in the
proper register (see Appendix B). In addition, TR must be in Y and PR
must be in X. Upon return, CG in 1/PSI will be in X.

The second calculation subroutine is called CCR (Calculate CR). Since it
is written in machine language, you will not be able to copy, list, or
single step through it. The routine expects TR in Y and PR in X. Upon
return, CR will be in X, TR will be in Y, PR will bein LAST X, and the Z,
T, and ALPHA registers will be cleared.

Range of Validity:
See the “Range of Validity” section of the Z Factor program.

30
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References:

Meehan, D. N., and Lyons, W. K., “Calculations Programmable for Gas
Compressibility,” Oil and Gas Journal, Oct. 8, 1979, pp. 74-78.

Trube, A. S., “Compressibility of Natural Gases,” Trans. AIME, 210,
1957, p. 335.

User Instructions:

SIZE: 018
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1| Initialize program. G Te=?
2 Key in pseudocritical temperature Tc Pc=?
3 Key in pseudocritical pressure. Pc R/S T=7
4 | Key in temperature. T P=?
5 | Key in pressure and calculate CG. P C6=t
R/S|* P=?

6 For a new pressure, go to step 5. For
a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
*Press if you are not using a

printer.

tPress [ ALPHA |to see the units if

you are not using a printer.

Example 1:

Compute the isothermal coefficient of compressibility for a gas with Pe
of 39.1 ATM and Tc of 383 R. The actual pressure is 335 ATM and the
actual temperature is 153 F. What is the isothermal compressibility for
the gas in 1/KPA? Turn on the output portion of the Unit Management
System (set flag 10) to allow you to change the output units.

Keystrokes (SIZE >=018) Display

WEA0
[XEQ][ALPHA]CG [ALPHA Tc=?

383 Pc=?

39.1 [ALPHA]ATM [R/S] 7-—7

153 P=2

335 [ALPHA|ATM CG. 1/PSI?

1/KPA [R/S] CG=1.4460E-5 1/KPAYt
W(crho

tPress [ALPHA]to see the units if you are not using a printer.
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CG=1.4468E-5 17KPR

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following examples illustrate the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next examples.

Example 2:

For a reduced temperature of 1.7, a reduced pressure of 2.8, and a Pc of
361.5 PSI, use the calculation subroutine to compute the isothermal
compressibility in 1/PSI. First, use the pseudocritical temperature and
pressure input routine (ITcPc) to input and store the new Pc. (Note that
this input subroutine is called ITcPc to avoid conflict with the TcPc
program.)

Keystrokes Display
[XEQ][ALPHA]ITcPc [ALPHA] Tc=?
R/S Pc=?
361.5 367.5000 Pe (PSI)

Now compute the compressibility.

1.7[ENTER#]2.8
XEQ|[ALPHA]CCG [ALPHA| 0.0010 CG (1/PSI)

Pr=3nl. 50888

ocT
Fat

Example 3:

For a reduced temperature of 1.5 and a reduced pressure of 5.0, use the
second calculation subroutine to compute the pseudoreduced
compressibility.

Keystrokes Display

1.6 [ENTER#]5

[XEQ][ALPHA|CCR [ALPHA] 0.1459 CR
1.5000 TR

0 O (O O O

{1

O {

F
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Keystrokes Display

0.0000

0.0000

B (LASTx] 5.0000 PR

Notice that TR remained in Y, PR was placed in LAST X, and the rest of
the stack was cleared.



The BG program estimates the formation volume factor (BG) for
reservoir gases. For use in the Pac, BG is defined as the ratio of the
volume at reservoir conditions to the volume at standard conditions.
The volume at reservoir conditions is calculated using the ideal gas law
with Z factor correction.

Equations:

BG . ZT STDP
PSTDT

T'=TinR

STDT'=STDTinR

BG

Calculation Subroutine:

The calculation subroutine for this program is called (Calculate
BG). The routine expects certain variables (Pc, STD T, STD P, T) in the
proper registers (see Appendix B). In addition, TR must bein Y and PR
must be in X. Upon return, BG in FT3/SCF will be in X.

Range of Validity:
See the “Range of Validity” section of the Z Factor program.
34
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Remarks:

This program is one of several that prompts you for the temperature and
pressure at standard conditions (STD T and STD P). If the previously
stored value of STD T is 0 F (i.e., if the registers were cleared), the
program will automatically replace that value with 60 F before the
STD T=? prompt appears. If the previously stored value of STD P is
0 PSI, the program will automatically replace that value with 14.65 PSI
before the STD P=? prompt appears.

60 F is a universal value for STD T (except in Canada, where the
standard is 15 C), but STD P varies depending upon location. Table 4
lists the standard pressures used in various locations.

Table 4: Standard Pressures by Location

Location i STD P, PSI
| Arkansas I 14.65
| California | 14.73
| Colorado | 15.025 |
| lllinois . 14.65 %
| Kansas . 1465
| Louisiana 15.025
| Michigan 14.73
| Mississippi . 15.025
| New Mexico . 15.025
| Oklahoma | 14.65
| Texas | 14.65
| Utah | 15.025 |
. West Virginia | 1485 I
. Wyoming | 15.025
| U.S. Federal Leases ! 14.73
| Canada | 14.696** |

**101.325 KPA

References:

McCain, W. D., The Properties of Petroleum Fluids, Petroleum
Publishing Co., 1973, pp. 122-124.

Amyx, Bass, and Whiting, Petroleum Reservoir Engineering, McGraw-
Hill, 1968, p. 30.
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User Instructions:
SIZE: 024
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. BG Te=?
2 Key in pseudocritical temperature. Te R/S Pc=?
3 Key in pseudocritical pressure. Pc R/S STDT=?
4 Key in temperature at standard ST R/S STD P=?

conditions. If the previously stored
STD Tis O F, it will be replaced by
60 F before this prompt appears.

5 Key in pressure at standard sToP R/S T=?
conditions. If the previously stored
STD P is 0 PSI, it will be replaced by
14.65 PSI before this prompt

appears.
6 Key in temperature. T R/S P=?
7 Key in pressure and calculate BG. P R/S BG=t

R/S)* p=?

8 For a new pressure, go to step 7. For
a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
*Press [R/Sif you are not using a

printer.

1Press [ ALPHA |to see the units if

you are not using a printer.

Example 1:

A gas has Tc and Pc of 390 R and 670 PSI, respectively. For reservoir
conditions of 205 F and 1500 PSI, what is BG in FT3/SCF? Initialize
STD T and STD P to 0 F and 0 PSI, respectively, by clearing all the data
registers. Then use the automatically assigned values of STD T and
STD P.

Keystrokes (SIZE>=024) Display

[XEQ][ALPHA]CLRG [ALPHA]

[XEQ][ALPHA]BG [ALPHA] Tc=?
390 Pec—7
670 STDT=?
[« 60.0000
F

OO R o
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Since the previously stored value of STD T was 0 F because the registers
were cleared, it was replaced by 60 F before the prompt appeared.

STD P=>
14.6500
PSI

Since the previouslv stored value of STD P was 0 PSI because the
registers were cleared, it was replaced by 14.65 PSI before the prompt
appeared.

R/S T=?
205 P=>
1500 BG=0.0110 FT3/SCFt

GRS YOL FACT

Tc=396. 8008 R
Pc=670.0008 PS]
T=2835, 6088 F
P=1588, 8808 PSI

BG=@.8118 FT3/5CF

The units used for BG must be a volume unit in the numerator (FT3, M3,
BBL, etc.) and a volume at standard conditions unit in the denominator
(SCF, SCM, etc.). The reciprocal of this definition for BG is commonly
used in industry, but is not allowed by the BG program. This is because
the Unit Management System treats the units of volume at standard
conditions as an amount of substance, not as a length cubed. Therefore,
FT3/SCF is not dimensionally consistent with SCF/FT3. (Refer to The
Petroleum Engineering Unit Management System for further details.)

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

tPress [ALPHA | to see the units if you are not using a printer.
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Example 2:

Assuming you have just run the last example, use the calculation
subroutine to compute the formation volume factor in FT3/SCF for the
same gas at 400 K. Use the temperature input routine (7) to input and
store the new T.

Keystrokes Display
[XEQ][ALPHA]T [ALPHA] 7=2?
400 K 260.3300 T (F)

(Remember that all input and calculation subroutines return values in
Pac English default units.) The calculation subroutine requires the
reduced temperature in Y and the reduced pressure in X. TR is calculated
as T/Tec, where T and Tc must be in the same units. Since Tc is in R,
convert T to R and calculate TR. The temperature just input is already in
X in Pac English default units (F).

[ALPHA]F-R [ALPHA] 260.3300 T(F)
[XEQ][ALPHA]CON [ALPHA] 720.0000 T(R)
390(=) 1.8462 TR

Next, calculate PR as P/Pc, where P and Pe must be in the same units.

1500 670 ] 2.2388 PR

Finally, with TR in Y and PR in X, calculate the formation volume
factor.

[XEQ][ALPHA]CBG [ALPHA] 0.0124 BG (FT3/SCF)

T=404, BEa8 K

(OO O { O {0 O O {(
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GAS VISCOSITY

The UG program estimates the dynamic gas viscosity (UG) for
hydrocarbon gases. The calculation is based on an estimate of the
density of the gas, which is calculated using the ideal gas law with Z
factor correction.

There is a correction for sour gas content inherent in the pseudocritical
properties. If Tc and Pc have been corrected for sour gases, that
correction will propagate through the Z factor calculation to the
viscosity. (Both Pac programs that compute pseudocritical properties
correct T'c and Pc for sour gas content.)

Equations:

UG =Aexp(Bp©

__(9.4+0.02MW) 15
(209 + 19 MW + T") 104

B:3.5+%Pi?+0.01Mw

C=24-02B

,_PMW
ZRT

p

o' = p(density)in G/CM3
T =TinR

CM3- PSI

R~ uni 1 tant =669.8 ———
universal gas constan G-MOL-R

UG

40
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Calculation Subroutine:

The calculation subroutine for this program is called CUG (Calculate
UG) The routine expects certain variables (GAS G, T, P) in the proper
registers (see Appendix B), and uses certain scratch registers (see
Appendix A). In addition, TR must be in Y and PR must be in X. Upon
return, UG in CP will be in X.

Range of Validity:

40<T <460 F
14.7 <P < 10000 PSI

See also the “Range of Validity” section of the Z Factor program.

References:

Lee, A. L., Gonzalez, M. H., and Eakin, B. E., “The Viscosity of Natural
Gases,” Journal of Petroleum Technology, August, 1966, pp. 997-1000.

Gonzalez, M. H., and Lee, A. L., “Graphical Viscosity Correlation for
Hydrocarbons,” AIChE Journal, March, 1968, pp. 242-244,

User Instructions:

SIZE: 018
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Initialize program. UG Te=?
2 Key in pseudocritical temperature. Te R/S Pc=?
3 Key in pseudocritical pressure. Pc R/S GAS G=?
4 | Key in gas gravity. If you do not know GAS G T=?
gas gravity, but do know molecular or
weight, press [R/S |to get the MW =2
molecular weight prompt, and then MW R/S T=?
key in molecular weight.
5 Key in temperature. T R/S pP=?
6 Key in pressure and calculate UG. P UG=t
R/S)" P=?

7 For a new pressure, go to step 6. For
a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the
prompts and press [R/S].

" Press [R/S |if you are not using a
printer.

tPress to see the units if

you are not using a printer.
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Natural gas containing 2 percent nitrogen, 1 percent carbon dioxide,
and 7 percent hydrogen sulfide has a gravity of 0.74. Determine the
viscosity of the gas in CP at 618 R and 125 ATM.

The pseudocritical temperature and pressure for this viscosity
calculation may be obtained using the Pseudocritical Temperature and
Pressure From Gas Gravity program ( ) elsewhere in the Pac. (Note:
answer N to the COND? Y/N question.) The pseudocritical properties
calculated by that program are 391 R for Tc and 688 PSI for Pc.

Keystrokes (SIZE >=018) Display

XEQ|[ALPHA]UG [ALPHA] Te=?

391 Pc=?

688 (R/S] GAS G=?

74 [R/S] T=?

618 [ALPHA]R A==

125 [ALPHA]ATM [R/S UG=0.0164 CPt
GHS YIS
Tc=391.B868 R
Fo=638. 8888 PS5
GRS 4=8, 7488
T=613.688E E
F=125.6888 ATH
iG=B.6154 CF

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

Assuming you have just run the last example, use the calculation
subroutine to compute the viscosity in CP for the same gas at 250 ATM.
Input and store the new P using the pressure input routine ().

tPress [ALPHA] to see the units if you are not using a printer.

1R o O {0 o (O
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Keystrokes Display
XEQ||ALPHA |P | ALPHA P=?
250 [ALPHA]ATM [R/S] 3673.9872 P (PSI)

(Remember that all input and calculation subroutines return values in
Pac English default units.) The pressure input routine returns with TR
inZ,PRinY,andPin X.

5.3401 PR

With TR in Y and PR in X, calculate the viscosity.

XEQ]J[ALPHA]|CUG [ALPHA 0.0248 UG (CP)

P=250, 8808 ATH



PSEUDOCRITICALTEMPERATURE AND PRESSURE
FROM GAS GRAVITY

The TcPc program estimates the pseudocritical temperature (Tc) and
pseudocritical pressure (Pc) from gas gravity for both condensate fluids
and miscellaneous reservoir gases. The calculated values for Tc and Pc

are corrected for sour gas content (Tc#* and Pe*) with a Wichert-Aziz
correction (CWA).

Equations:

Condensate Fluids:
Tepe = 187 + 330 GAS Gyc — 71.5 GAS Gyc?

Pepc = 706 — 51.7 GAS Gyyc — 11.1 GAS Gyc?

Miscellaneous Gases:
Tepe = 168.0 + 325 GAS Gy — 12.5 GAS Gyc?
Pepc =677 +15.0 GAS Gyc — 37.5 GAS Gc?

GAS Gy = GAS G —0.9672 ynp — 15195 yoop = 1.1765 yaos
' 1 —yN2—¥co2 — YH2S

Te=(1 —yN2— ¥coz2 — YHzs) Tene +227.3 yno +547.6 yeoze + 672.4 yHas

Pe=(1 —yN2 — ycoz2 — YHzs) Pege +493.0 yng + 1071 yooz + 1308 yH2s

Wichert-Aziz Correction:

CWA =120[(vcoz + yH28)"? — (vyoz + yH28) ] + 15 (yHas"” — yH2s™)

Tex =Te — CWA

Pex — Pc(Te — CWA)
Te + yhos (1 — yh2s) CWA
__WN2 90z o %H2S
YN2 = 50T YO0z = T oeT VHIS = T o0

a4

Lnrnnnnnnonnnoononnnononnonmnnmn
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Pseudocritical Temperature and Pressure From Gas Gravity 45
Calculation Subroutines:

There are two calculation subroutines for this program. Both routines
return Tc in R to T, Pc in PSI to Z, Tex in R to Y, Pex in PSI to X, and
CWA in F to LAST X. If %CO2 and %H2S both equal zero, then
CWA =0, Tc=Tec*, and Pc = Pcx.

The first subroutine is called CTcPc (Calculate Te and Pc). The routine
expects certain variables (GAS G, %N2, %CO2, %H2S) in the proper
registers (see Appendix B), and uses certain scratch registers (see
Appendix A).

The second subroutine is called CCWA (Calculate Wichert-Aziz
Correction). The routine expects certain variables (%CO2, %H2S) in the
proper registers (see Appendix B), and uses certain scratch registers (see
Appendix A). In addition, Tc in must bein Y and Pc must be in X.

Range of Validity:

0<%N2 <100
0<%C02 <100
0<%H2S <100
0<%N2+ %CO2 + %H2S <100

Condensate Fluids:
0.56 <GAS G <1.30

Miscellaneous Gases:
0.56 <<GASG<1.71

Wichert-Aziz Correction:

0<%CO2 + %H2S < 80

Remarks:

These correlations for Tc and Pc as a function of GAS G were based on
gas mixtures containing negligible amounts of sour gases. The
condensate fluids were laboratory-generated gases in equilibrium with
crude oil at high pressures (1000-8000 PSI). For these gases with high
GAS G, their high gravities come from relatively large quantities of
heptanes and heavier compounds. The miscellaneous gases represent
surface trap gases and stock-tank vapors whose high gravities result
from relatively high propertions of ethane, propane, and butanes.

For these reasons, the condensate fluids correlations should be used in
calculations involving gases in equilibrium with crude oil of condensate
in petroleum reservoirs, and the miscellaneous gases correlations
should be used for surface gases.
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It should be kept in mind that these correlations represent only four of
an infinite number of possible correlations. There is no unique
correlation of pseudocritical properties with gas gravity, and the values
calculated are only approximate. If you know the composition of the
gas, you will obtain better estimates of Te and Pc by using the Gas

Properties From Composition program.

This program, unlike the other programs in the Pac, does not save the

output units for you.

Reference:

Standing, M. B., Volumetric and Phase Behavior of QOil Field

Hydrocarbon Systems, 1977, pp. 26, 122.

User Instructions:

Pseudocritical Temperature and Pressure From Gas Gravity

SIZE: 029
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. XEQ COND? Y/N:{
2 For condensate fluids, answer “Y"".
For miscellaneous gases, answer
N YorN GAS G=?
3 |Keyin gas gravity. If you do not know GAS G %N2=7
gas gravity, but do know molecular or
weight, press [R/S]to get the MW =?
molecular weight prompt, and then MW R/S %N2=?
key in molecular weight.
4 | Key in percent nitrogen. %N2 %C02="
5 Key in percent carbon dioxide. %C02 R/S %H2S=?
6 Key in percent hydrogen sulfide and
calculate Tc and Pc. If %C02 and
%H2S both do not equal zero, CWA,
Tee, and Pc- will also be calculated. %H2S Te=t
Pc=t
CWA=1
Tek=1
Pc%=t
GAS G=?
1 For a new gas gravity and sour
gases, go to step 3. For a new case,
go to step 1. Key in only values
which change. For values which do
not change, ignore the prompts and
press |[R/S|
* Press if you are not using a fThe last character of this prompt
printer. will be Y if the prompt is currently
+Press [ALPHA to see the units if true, or N if the prompt is currently
you are not using a printer. false.

T (O O L L O L L {0
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Example 1:

Natural gas containing 2 percent nitrogen, 1 percent carbon dioxide,
and 7 percent hydrogen sulfide has a gravity of 0.74. Determine the
pseudocritical properties of the gas in R and PSI.

Keystrokes (SIZE >= 029)

[XEQ][ALPHA]TcPc [ALPHA]
N

.74 [R/S]

2[R/s]

1

7[R/S]

(R/S]*

(R/S]*

(R/s)*

(R/s]*

Display

COND? Y/N:}
GAS G=?
%N2=7
%C02=?
%H2S=?
Tc=405.4069
Pc=714.4590
CWA=14.2174
Tc%¥=391.1895
Pc%=687.8330

Rt
PSIt
Ft
Rt
PSIT

Notice that if %CO2 and %H2S both had been equal to zero, CWA, Tcx,
and Pc* would not have been calculated. See Example 3.

Now repeat Example 1 of the Gas Viscosity program (.G). Take
advantage of the fact that most of the variables have already been
stored by the TcPc program. Press to skip past the prompts whose

values are unchanged from the previous example.

[XEQ][ALPHAUG [ALPHA]
R/S

R/S

R/S

R/S

618 [ALPHA]R

125 [ALPHA]ATM [R/S]

*Press if you are not using a printer.

Tc=?

Pc=?

GAS G=?
Mw=?

T=2

P=?
UG=0.0164

fPress[ALPHA]to see the units if you are not using a printer.

CPt

1The last character of this prompt will be Y if the prompt is currently true, or N if the prompt

is currently false.
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Tc Fc

CONL: HO

GAS G=6.7486
%H2=Z.h088
%C02=1, oaad
ZH25=7.6@aa

Tc=485. 4809 R
Pc=714,4598 PSI
ChA=14.2174 F
Tc#=391.1895 R
Pcx=587.8338 P31

UG=8,d164 CP

For programmers who want to use Pac calculation subroutines in their
own programs, the following examples illustrate the use of these
routines. If you do not intend to use these subroutines in your programs,
you should skip the next examples.

Example 2:

The pseudocritical temperature and pressure for methane are 343 R and
668 PSI. If a sample of methane has the sour gas content of the previous
example, what effect do the sour gases have on the pseudocritical
properties? Use the second calculation subroutine.

Keystrokes Display

343 668

[XEQ][ALPHA]CCWA [ALPHA|] 638.5881 Pex (PSI)
328.7826 Tex (R)
668.0000 Pc (PSI)
343.0000 Te(R)

I [LASTY] 14.2174 CWA (F)

R R O ({0 { (O (O

y



1§ 4 4 2 A

Pseudocritical Temperature and Pressure From Gas Gravity 49
Example 3:

Compute the pseudocritical properties in R and PSI for this gas if there
are no sour gases present.

Keystrokes Display

[XEQ][ALPHA|TcPc [ALPHA COND?Y/N:N

GAS G=?

Mw=>

%N2=?

0 %C02=2

0 %H25=2

0 Tc=401.6550 Rt

- Pc=667.5650 PSIf
» GAS G=?

Since %CO2 and %H2S both equal zero, CWA, Te*, and Pc* were not
calculated.

Now use the first calculation subroutine to verify these pseudocritical
properties. Since this is a miscellaneous gas like Example 1, and not a
condensate fluid, the status set by answering N to the COND? Y/N
question is still valid for use by the calculation subroutine.

[XEQ][ALPHA]CTcPc [ALPHA] 667.5650 Pex (PSI)
401.6550 Tex (R)
667.5650 Pc(PSI)
401.6550 Te (R)
B[LAST] 0.0000 CWA (F)

Since %CO2 and %H2S both equal zero, CWA = 0, Te¢ = Te*, and
Pc = Pce=.

1 F

“Nz=4. aaad
%C0Z=0. BAEa
H25=8. BanE

c=4#1,6356 R
£=667,5658 PS]

*Press if you are not using a printer.

tPress [ALPHA]to see the units if you are not using a printer.



GAS PROPERTIES FROM COMPOSITION

Given the mole percentages of up to 19 different constituents of a
natural gas, the PROP program estimates gas gravity (GAS G),
pseudocritical temperature (Te¢), pseudocritical pressure (Pc), net
heating value (NHV), and dry and wet gross heating values (GHVD and
GHVW). The calculated values for Te and Pc are corrected for sour gas
content (Te*x and Pex) with a Wichert-Aziz correction (CWA). The
program also estimates, as a function of temperature, the specific heats
at constant pressure (CP) and constant volume (CV), and the ratio of
specific heats (K).

The allowed gas constituents are sour gases (nitrogen, carbon dioxide,
and hydrogen sulfide), methane, ethane, propane, isobutane, n-butane,
isopentane, n-pentane, n-hexane, n-heptane, n-octane, n-nonane,
n-decane, oxygen, hydrogen, helium, and water vapor. The program
automatically stores the mole percentages of the gas constituents, the
calculated gas gravity, and the pseudocritical properties for use by other
programs in this Pac.

Equations:

Note that in the following equations, the gas property symbols with
subscript “i”’ refer to the properties of each constituent listed in Table 5.

Gas Gravity:

GASG = ) _y;GASG,
1

Pseudocritical Temperature and Pressure:

Te = ZyiTci
i

Pc= ZyiPci
i

50
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Wichert-Aziz Correction:

See the “Equations” section of the Pseudocritical Temperature and
Pressure From Gas Gravity program.

Heating Values:

NHV = Zyi NHVi
i
GHVD = Zyi GHVD;
i

GHVW =0.9826 GHVD

Specific Heats and Specific Heat Ratio:

Note that A; and B, refer to values in Table 5.

CP= ) yvi(Ai+BT)
i

28964 GASG
R
V=CP- —=
ev=C 28.964 GAS G
CP
K=——
Ccv
T'=TinR
R = universal gas constant = __1987BTU
LBM -MOL-R
'100
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Table 5: Properties of Different Natural Gas Constituents

CP;
%i GASG;| Tc; Pc; | NHV; |GHVD; A : 5
i i
%N2 0.9672 [227.3 | 493.0|0 0 6.391** | 0.09017**
%C02 | 1.5195 [547.6 | 1071 |0 0 5.87 0.00556

%H2S 1.1765 (6724 1306 | 588 637 7.16 0.00183
%METH | 0.5539 |343.04 | 667.8 | 9091 1009.7 5.343 0.006032
%ETH 1.0382 |549.76 | 707.8 | 1617.8| 1768.8 |3.782 0.01647
%PROP | 1.5225 |665.68 | 616.3 |2316.1| 2517.4 |3.324 0.02662
%IBUT 2.0068 |734.65 | 529.1 | 3001.1 | 3252.7 |3.857 0.03593
%N-BUT | 2.0068 |765.32 | 5650.7 | 3010.4 | 3262.1 |5.104 0.03397
%IPEN 24911 | 828.77 | 4904 | 3698.3 | 4000.3 |4.667 0.04417
%N-PEN | 2.4911 |845.4 488.6 | 3707.5 | 4009.5 |6.259 0.04197
%N-HEX | 2.9753 [913.4 436.9 | 4403.7 | 4756.1 |6.972 0.05065
%N-HEP | 3.4596 |972.5 396.8 | 5100.2 | 56502.9 |8.027 0.05883
%N-OCT | 3.9439 | 1023.89| 360.6 | 5796.7 | 6249.7 |9.13 0.006693
%N-NON | 4.4282 | 1070.35 | 332 6493.3 | 6996.6 |10.29 0.07496
%N-DEC | 49125 [1111.8 | 304 7188.6 | 77423 (11.4 0.08303

%02 1.1048 |278.6 736.9 | 0 0 6.545 0.0008859
%H2 0.0696 |59.9 188.1 | 274 324 6.551 0.0005914
%He 0.138 |95 332 |0 0 4.97 o]

%H20 0.622 11653 | 3208 |0 0 7.587 0.0008195

**For %N2 only, the following isused: A + BInT".

Calculation Subroutines:

There are four calculation subroutines for this program. All the
subroutines expect the mole percentages of the gas constituents in the
proper registers (see Appendix B), and use certain scratch registers (see
Appendix A).

The first subroutine, CGASG (Calculate GAS @), returns GAS G to X.
The second subroutine, CTPC (Calculate Tc and Pc From Composition),
returns Tcin Rto T, Pcin PSItoZ, Texin Rto Y, Pex in PSI to X, and
CWA in F to LAST X. If %CO2 and %H2S both equal zero, CWA =0,
Te =Te*, and Pe = Pex.

The third subroutine, CHV (Calculate Heating Values), returns NHV in
BTU/SCF to Z, GHVD in BTU/SCF to Y, and GHVW in BTU/SCF to
X. The last subroutine, CCK (Calculate CP, CV, and K), expects certain
additional variables (GAS G, T) in the proper registers. It returns CP in
BTU/LBM=F to Z, CV in BTU/LBM=F to Y, and K to X.

B N {0 O O
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Range of Validity:

0 < %1 < 100 for constituent i
%TOT >0

Wichert-Aziz Correction:

See the “Range of Validity” section of the Pseudocritical Temperature
and Pressure From Gas Gravity program.

CP,CV,K:
0<T<300F

Remarks:

Consistent with other programs in this Pac, you may retain the current
value of a variable by ignoring the prompt for that variable and
pressing [R/S]. This feature is of particular use when only a few of the
possible constituents of a natural gas are present. Set all the
percentages to zero by answering Y to the CLEAR? Y /N prompt, and
then ignore the prompts for all components which are not present.

Also, many analyses of a natural gas will not break out the heavier
hydrocarbon constituents (C7-C1p). A common practice is to lump all
constituents into one mole fraction (e.g.,, C7.), which could be
approximated by the next heavier component (Cg).

In this program, the output units for either the heating values or for the
specific heats are saved, depending on the response to the SP.HTS? Y/N
question. If you answer Y, the specific heat units will be saved. If you
answer N, the heating value units will be saved.

References:

Kay, W. B., “Density of Hydrocarbon Gases and Vapors,” Industrial
and Engineering Chemistry, Vol. 28, No. 9, pp. 1015-1019.

Gas Processors Suppliers Association, Engineering Data Book, 1972,
Ninth Edition, Third Revision, pp. 4-1, 16-1, 16-2, 16-3.

Rossini, F. D., et al., Selected Values of Physical and Thermodynamic
Properties of Hydrocarbons and Related Compounds (API Research
Project 44), 1953, p. 653.

Perry, R. H., and Chilton, C. H., Chemical Engineers’ Handbook, 1973,
Fifth Edition, pp. 3-120, 3-121, 3-122.
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User Instructions:

SIZE: 045
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. [XEQ]PROP CLEAR? Y/N:1
2 If you are starting a new problem,
you should set all mole percentages
to zero by answering “Y". If you are
modifying or correcting a previous
problem, you may retain the existing
data by answering “N"". YorN [R/S %N2=?
Note: at any point during the entry of
the following constituent mole
percentages, the remainder of the
input list can be skipped by pressing
HE
3 Key in mole percent nitrogen. %N2 R/S %C02=?
4 Carbon Dioxide. %C02 R/S %H2S=?
5 Hydrogen Sulfide. %H2S %METH=?
6 Methane. %METH %HETH=?
7 | Ethane. %ETH %PROP=?
8 | Propane. %PROP %IBUT=?
9 Isobutane. %IBUT R/S]| %N-BUT=?
10 | N-Butane. %N-BUT R/S %IPEN=?
11 | Isopentane. %IPEN %N-PEN=?
12 | N-Pentane. %N-PEN %N-HEX=?
13 | N-Hexane. %N-HEX %N-HEP=7
14 | N-Heptane. %N-HEP %N-0CT=?
15 | N-Octane. %N-0CT %N-NON=?
16 | N-Nonane. %N-NON %N-DEC=?
17 | N-Decane. %N-DEC %02=17
18 | Oxygen. %02 %H2=?
19 | Hydrogen. %H2 R/S| %He=?
20 | Helium. %He R/S %H20=?
21 Key in mole percent water vapor and
calculate the total percentage of all
constituents. %H20 %T0T=
22 | Calculate GAS G. R/S|" GAS G=

1R {0
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STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
23 | Calculate Tc and Pc. If %C02 and
%H2S both do not equal zero, CWA,
Tc+, and Pc will also be calculated. [R/s]* Te=t
’ Pc=1
[R/S]" CWA=1
(R/S]* Tek=t
[R/S]* Pek=t
24 | Calculate three heating values. [R/S]" NHV=t
[R/S]" GHVD=t
(R/S)" GHVW=+
R/S]|* SP.HTS? Y/N:{
25 |If you do not want to calculate CP,
CV, and K, but instead want to return
to the input of the mole percentages,
answer "N’ and go to step 3. If you N R/S %N2=?
do want to calculate CP, CV, and K, or
answer "'Y" and continue. Y R/S T=?
26 |Key in the temperature at which CP,
CV, and K will be evaluated, and
calculate them. T R/S CP=%
Cv=t
T=?
27 For a new temperature, go to step

26. For a new problem, go to step 1.
Key in only values which change. For
values which do not change, ignore

the prompts and press [R/S].

“Press | R/S |if you are not using a
printer.

tPress | ALPHA to see the units if

you are not using a printer.

{The last character of this prompt
will be Y if the prompt is currently
true, or N if the prampt is currently
false.
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Example 1:

For a mixture of 74 percent methane, 5 percent nitrogen, 3 percent
carbon dioxide, 2 percent hydrogen sulfide, 8 percent ethane, 6 percent
propane, and 2 percent n-butane, compute the gas properties in Pac
default units. Evaluate CP, CV,and K at 50 F.

Keystrokes (SIZE >=045) Display

[XEQ][ALPHA|PROP [ALPHA] CLEAR?Y/N:1
Y %N2=2

5 %C02=2?
3(R/S] %H2S=?

2 %METH=2
74 %ETH=2?

8 %PROP=?
6 %IBUT=2
%N-BUT=?

2 %IPEN=?

%N-PEN=?
R/S %N-HEX=?

After inputting all of the mole percentages for the gas you are
analyzing, there is an option that allows you to skip the remainder of
the input list. This option is invoked by pressing [ [E](assuming thereis
nothing assigned to that key). This option can be used whenever you are
entering a mole percentage for this program.

[ ] %TOT=100.0000

You should note that when using this “skip” option while keying in a
new value, it doesn’t matter whether you press B before or after
pressing [R/S]. So when you keyed in the mole percentage for n-butane,
you could have pressed either 2 B [E]or 2 @ [E]. Either keystroke
sequence would have entered the 2 and skipped the remainder of the
input list.

You should also note that WTOT may be larger or smaller than 100,
depending on the mole percentages provided by your gas analysis. You
may wish to adjust the mole percentages slightly to produce a total of
100%.

TR O
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Gas Properties From Composition

Keystrokes Display

[R/S]* GAS G=0.7419

* Tc=394.3186

(R/S]* Pc=681.6880
R/S]* CWA=9.2227

* Tc%=385.0959
R/S|* Pc¥=665.4390

Rt
PSIt
Ff
Rt
PSIT
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Notice that if %CO2 and %H2S both had been equal to zero, CWA, Tc*,

and Pc* would not have been calculated.

sl
~
wn

*

)

~

w
*

el
~
w

*

Sk SP.HTS? Y/N:%
=7

D
~

=<

NHV=1013.0920
GHVD=1117.7080 BTU/SCFt
GHVW=1098.2599 BTU/SCFY

BTU/SCFf

Key in the temperature at which CP, CV, and K will be evaluated.

50 CP=0.4391
[R/S)* CV=0.3466
* K=1.2668

*Press [R/S]if you are not using a printer.
tPress [ALPHA|to see the units if you are not using a printer.

BTU/LBM=Fft
BTU/LBM=Ff

+The last character of this prompt will be Y if the prompt is currently true, or N if the prompt

is currently false.
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GAS FROF
CLERE: YES

%H2=3.Gaas
%C02=3,naap
%H25=2, aoad
%METH=74. 08¢
%ETH=8. band
%PROP=5. @084
ZN-BUT=2, 8a6a

XT07=108. 0668

GRS G=8.7419
Tc=3%4.31% R
Pc=031.0888 PSI
CWA=3.2227 F
Tc#=385.89539 R
Pc*=065.439%8 PSI
HHY=1813.8928 BTU-5CF
GHYD=1117.7888 BTU/SCF
GHYR=1895.2599 BTU-5CF

SP.HIZ: YES

T=50, AAae F
CP=8.4331 BTU/LEMsF
C¥=8.3466 BTU-LBM=F
K=1.2668

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

xample 2

Suppose the gas in question has the same total sour gas content, but in
different proportions: 0 percent nitrogen, 1 percent carbon dioxide, and 9
percent hydrogen sulfide. Using the calculation subroutines, recalculate
the gas gravity, pseudocritical properties, heating values, specific heats,
and specific heat ratio, all in Pac default units. Use the sour gas input
routine ( ) to input and store the new sour gas percentages.

0O O O

F
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Keystrokes

[XEQ][ALPHA]SOUR [ALPHA]
0[R/s]

1

9[R/S]

[XEQ][ALPHA]CGASG
[XEQ][ALPHA]CTPC [ALPHA]
B [LASTy]

[XEQ][ALPHA]CHV [ALPHA]

Gas Properties From Composition

Display

%N2=2?
%C02=?
%H28=?
9.0000
0.7455
695.9962
402.4777
727.0380
419.0696
16.5919
1142.0740

1162.2980

1054.2520

%H2S

GAS G

Pex (PSI)
Tex (R)

Pc (PSI)

Tec (R)

CWA (F)
GHVW
(BTU/SCF)
GHVD
(BTU/SCF)
NHV
(BTU/SCF)
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Now save the calculated gas gravity for use by the CCK subroutine.
(Remember that a calculation subroutine returns values to the stack
only. The CGASG subroutine calculated GAS G, but did not store it.)

ALPHA]GASG [ALPHA
7455

XEQ)[ALPHA|CCK [ALPHA

GAS G=?
0.7455
1.2652
0.3470

0.4390

%H2=8. faas
%C02=1. dana
%H25=2, oaag
GRS G=H.7455

GAS G
K
CVv

(BTU/LBM+F)

CP

(BTU/LBM=F)



OILISOTHERMAL COMPRESSIBILITY

The CO program estimates the oil isothermal coefficient of compressi-

bility above and below the bubble point (CO and CODb).

Equations:
Above Bubble Point:

_ —1433.0 +5.0RSI +17.2T — 1180.0 GASGS +1261 OIL G

Co -
105 P

GAS GS = GAS G [1 +5.912(10 5 OIL G (SEP T) log SEE P ]

114.7
Below Bubble Point:

-1 2BOb , BG' 2RSb

COb=506s "aP  BOb oP

BG’ =BG in BBL/SCF

Calculation Subroutines:

There are three calculation subroutines for this program. The first is
called CCOb (Calculate CO Below Bubble Point). The routine expects
certain variables (STD T, STD P, SEP T, SEP P, OIL G, GAS G, T) in the
proper registers (see Appendix B), and uses certain scratch registers (see
Appendix A). In addition, TR must bein Z, PR must bein Y, and P must
be in X. Upon return, COb in 1/PSI will be in X, and RSb in SCF/BBL
will bein Y.

The second subroutine is called CCO (Calculate CO Above Bubble
Point). The routine expects certain variables (SEP T, SEP P, OIL G,
GAS G, T, RSI, P)in the proper registers (see Appendix B). Upon return,
COin 1/PSI will be in X.

The third subroutine is called CGS (Calculate Gas Gravity Corrected for
Separator Conditions). The routine expects certain variables (SEP T,
SEP P, OIL G, GAS G) in the proper registers (see Appendix B). Upon
return, GAS GS will be in X.

Range of Validity:

76 <SEPT<150F
30 <SEP P <535 PSI
15.3 <OIL G <59.5 API

60
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Above Bubble Point:
0.511 <GAS G < 1.351
111 < P <9485 PSI

Below Bubble Point:
For 15.3 <OIL G < 30 API: For 30.6 < OIL G < 59.5 API:

0.511 <GAS G <1.351 0.530 < GAS G <1.259
14.7 <P <4542 PSI 14.7 <P <6025 PSI

Below the bubble point, see also the “Range of Validity” section of the Z
Factor program.

Remarks:

The correlations used for estimating RSb and BOb do not take into
account the discontinuity at the bubble point. Consequently, the
derivatives a9RSb/dP, aBOb/dRSb, and 2BOb/2P do not accurately
reflect the behavior of RSb and BOb approaching the bubble point.
Because of this, COb may be larger than expected at pressures slightly
below the bubble point.

If you know that the pressures of interest are greater than the bubble
point, you do not have to input values for Tc, Pe, STD T, or STD P. Just

past those prompts.

This program is one of several that corrects the gas gravity for
separator temperature and pressure (SEP T and SEP P) by using the
CGS subroutine. If you do not know the separator conditions, you can
eliminate the effect of the correction by using 0 F for SEP T or 114.7 PSI
for SEP P.

References:

Ramey, H. J., “Rapid Methods for Estimating Reservoir Compressi-
bilities,” Journal of Petroleum Technology, April, 1964, pp. 447-454.

Vasquez, M., and Beggs, H. D., “Correlations for Fluid Physical
Property Predictions,” Journal of Petroleum Technology, June, 1980, pp.
968-970.

User Instructions:

SIZE: 026
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |Initialize program. co Te=?
2 Key in pseudocritical temperature. Tc R/S Pc=?
3 Key in pseudocritical pressure. Pc R/S STDT=?
4 Key in temperature at standard
conditions. If the previously stored
STD Tis O F, it will be replaced by
60 F before this prompt appears. STDT R/S STD P=?
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STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

5 Key in pressure at standard
conditions. If the previously stored
STD P is 0 PSI, it will be replaced by
14.65 PSI before this prompt

appears. STO P SEPT=?

6 Key in separator temperature. SEPT SEP P=?

7 Key in separator pressure. SEP P 0ILG=?

8 |Keyin oil gravity. OIL G GAS 6=7

9 |Keyin gas gravity and calculate GAS G GAS 6S=
GAS GS. If you do not know gas R/S|" T=1
gravity, but do know molecular or
weight, press [R/S]ta get the MW =?
molecular weight prompt, and then MW GAS GS=
key in molecular weight. [R/S) T=7

10 |Key in temperature. T RSI=?

1 Key in initial gas-oil ratio and
calculate PBP. RSI R/S PBP=t

R/S]" p=?

12 |Keyin pressure. If the pressure is P co=t
above the bubble point, CO will be [R/S]" p=7
calculated. If the pressure is below
the bubble point, RSb for that P RSb=t
pressure will be calculated, followed R/S|" COb=1
by COb. R/S]" p=?

13 |For a new pressure, go to step 12.
For a new case, go to step 1. Key in
only values which change. For values
which do not change, ignare the

prompts and press [R/S].

*Press if you are not using a
printer.

+Press [ALPHA | to see the units if

you are not using a printer.

Example 1:

A reservoir oil at a temperature of 68 C has a gravity of 39.8 API and an
initial gas-oil ratio of 82 SCM/M3. The dissolved gas gravity is 0.83, Tc
is 240 K, and Pc is 4580 KPA. Separator conditions are 38 C and 860
KPA, and the standard conditions for the gas are 15.6 C and 1 ATM.
What is the isothermal compressibility for the oil in 1/KPA at 70 and
140 ATM?

There are two ways you can solve this problem. The first is like the other
examples in the Pac, where the default units are English, and you
change the units as necessary. Also, you would turn on the output

AT R TTO TR ¢ (O O VO L O R L o
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portion of the Unit Management System to allow you to change the
output units to 1/KPA instead of the default 1/PSI.

The second way is to use the SI option of the Unit Management System.
With this option, all the input and output prompts will use SI units
automatically instead of English units. Turn on the SI option (set flag
09) for this example.

Note that you still have to enter those units which do not match either
the English or the SI default units. If you do not remember what the
default units are when responding to an input prompt, you can always
check by pressing [ALPHA]to see the units. When responding to an output
prompt, the default units will be displayed as part of the prompt
(assuming flag 10 is set). See Appendix C for a list of the default English
and SI units for each variable used in the Pac.

Keystrokes (SIZE >=026) Display
W (sFjo9 M(ENG]4

[ALPHA|CO [ALPHA] Tc=2
240 K

Notice that with flag 09 set, the default units in the ALPHA register are
now SI units. As you follow the remainder of the example, you will see
that both the input and output default units have changed.

R/S Pc=?
4580 KPA
R/S STD T=>
15.6 c
R/S STD P=?
1 [ALPHA]ATM [R/S] SEPT—"
38 SEPP-—? (absolute P)
860 OlL G=?
39.8 KG/M3
API GAS G=?
.83 GAS GS=837.14E-3
(R/S]* =27
68 RSI=?
82 SCM/M3
PBP=11.332E3 KPAfY
[R/S])* peeg
70 [ALPHA]ATM [R/S] RSb=47.019E0 SCM/M3+t
[R75]* COb=75.187E-6 1/KPAt
R/S|* P=?
140 [ALPHA]ATM [R/S] CO=2.1453E-6 1/KPAt
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Now determine the compressibility at the 140 ATM pressure in 1/PSI.
Turn on the output portion of the Unit Management System (set flag 10)
to allow you to change the output units.

(R/S]* it
B(sF]10[R/s] CO. 1/KPA?
1/PSI CO=14.791E-6 1/PSIt

oI 158 FEME

Tc=249, B83EG K
Pc=4.5288E3 KPR
STD T=15.688E8 T
STD P=1.0@a6ER ATE
SEF T=35.@88E8 C
SEP P=06d.B8EA KPR
0IL G=39.308E8 AFI
GRS G=834.88E-3

GRS G5=837, 14E-3
T=63.8080E4 C
RSI=82.606EA SCH-N3
PBF=11.332E3 KPR
P=7d.004E8 ATH
RSh=47.819E@ SCA-MI

COb=73.187E-& 1/KFR

P=148.00E8 ATH
00=2. 1453E-6 1/KPA

CO=14.791E-6 1/PSI

Note that to determine the compressibility in 1/PSI, you could have
done the following:

2.1453 [EEX][CHS]6 2.1453 -6_ CO (1/KPA)
[ALPHA]1/KPA-1/PSI[ALPHA]  2.71453 -06
[XEQ][ALPHA|CON [ALPHA] 14.791 -06 CO (1/PSI)

You could have done the same kind of conversion using to
determine the equivalent of each input variable in English units.

*Press[R/S]if you are not using a printer.

tPress [ALPHA|to see the units if you are not using a printer.

O OO (O
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For programmers who want to use Pac input and calculation
subroutines in their own programs, the following examples illustrate the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next examples.

Example 2:

Assuming you have just run the last example, use the calculation
subroutines to compute the isothermal compressibility in 1/PSI at a
gas-oil ratio of 72 SCM/M3 and the pressures in the last example. Use
the gas-oil ratio input routine (RSI) to input and store the new RSI. Then
use the CPEP calculation subroutine to determine whether the pressures
from the example are above or below the bubble point.

Keystrokes Display

[XEQ][ALPHA]RSI [ALPHA] RSI=?

72 (R/S] 405.03 00 RSI (SCF/BBL)
[XEQ][ALPHA]CPBP [ALPHA] 1.4730 03 PBP (PSI)
[ALPHA]PSI-ATM [ALPHA] 1.4730 03

[XEQ][ALPHA]CON [ALPHA] 100.23 00 PBP (ATM)

(Remember that all input and calculation subroutines return values in
Pac English default units.) Since the last pressure used in Example 1 is
greater than the bubble point just calculated, use CCO to calculate the
compressibility.

[XEQ][ALPHA|CCO [ALPHA] 13.424 -06 CO (1/PSI)

Now use the P input routine to input and store the 70 ATM pressure from
Example 1. Since this pressure is less than the bubble point just
calculated, use CCOb to calculate the compressibility.

XEQ||ALPHA|P [ALPHA P=?
70 [ALPHA]ATM [R/S] 1.0287 03 P (PSI)

The CCOb routine requires TR in Z, PR in Y, and P in X, which are the
stack contents after executing P.

[XEQ][ALPHA|CCOb [ALPHA] 518.40 -06 COb (1/PSI)
264.50 00 RSb (SCF/BBL)

W(CFlo9 @CF10 WFxX]4 264.5003

RS1=72.@0BEA SCHAMI
=78, 088E8 ATH
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Example 3:

Using the CGS calculation subroutine, correct the gas gravity to account
for separator conditions.

Keystrokes Display
XEQ][ALPHA|CGS [ALPHA 0.8371 GAS GS

(O { O O (O (OO o
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OIL FORMATION VOLUME FACTOR
The BO program estimates the oil formation volume factor at the bubble
point (BOBP), above the bubble point (BO), and below the bubble point
(BOb). For use in the Pac, BOBP, BO and BOb are defined as the ratio of

the liquid volume at reservoir conditions to the liquid volume at stock
tank conditions.

Equations:
Above Bubble Point:

BO = BOBP exp [CO (PBP — P)]
Below Bubble Point:

BOb=1+A(T —60) (OIL G/GAS GS)
+[B + C (T —60) (OIL G/GAS GS)| RSb

2BOb/8RSbh =B + C(T — 60) (OIL G/GAS GS)

At Bubble Point:
BOBP = BOb at P = PBP
For OIL G <30 API: For OIL G > 30 API:
A=1.751x1075 A=1.100x10"°
B=4677 <1074 B=4.670 %1074
C=-1.811x10°8 C=1.337x107"°
=0 ]
BO

PBP

68
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Qil Formation Volume Factor 69
Calculation Subroutines:

There are two calculation subroutines for this program. The first is
called CEOb (Calculate BO Below Bubble Point). The routine expects
certain variables (SEP T, SEP P, OIL G, GAS G, T) in the proper
registers (see Appendix B), and uses certain scratch registers (see
Appendix A). In addition, a pressure must be in X. Upon return, BOb or
BOBP will be in X, depending on whether P or PBP, respectively, was in
X when the routine was called. The partial derivative of BOb with
respect to RSb at constant T (2BOb/2RSb) will be in Y, the partial
derivative of RSb with respect to P at constant T (3RSb/8P) will bein Z,
and RSb in SCF/BBL will bein T.

The second subroutine is called CBO (Calculate BO Above Bubble
Point). The routine expects certain variables (SEP T, SEP P, OIL G,
GAS G, T, RSI, PBP, P) in the proper registers (see Appendix B). In
addition, BOBP must be in X. Upon return, BO will be in X.

Range of Validity:

76 <SEPT<150F
30 <SEP P <535 PSI
15.3 <<OIL G <59.5 API

Above Bubble Point:

0.511 <GAS G <1.351
111 <P <9485 PSI

At or Below Bubble Point:

For 15.3 <<OIL G <30 API: For 30.6 <OIL G <59.5 API

0.511 < GAS G <1.351 0.530 < GAS G < 1.259
14.7 <P <4542 PSI 14.7 <P <6025 PSI

At or below the bubble point, see also the “Range of Validity” section of
the Z Factor program.

Remarks:

The correlations used for estimating BOb do not take into account the
discontinuity at the bubble point. Consequently, the derivative
oBOb/2RSb does not accurately reflect the behavior of BOb
approaching the bubble point. Because of this, BOb may be larger than
expected at pressures slightly below the bubble point.
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References:

Ramey, H. J., “Rapid Methods for Estimating Reservoir Compressi-
bilities,” Journal of Petroleum Technology, April, 1964, pp. 447-454.

Vasquez, M., and Beggs, H. D., “Correlations for Fluid Physical
Property Predictions,” Journal of Petroleum Technology, June, 1980, pp.
968-970.

User Instructions:

SIZE: 026
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. BO SEP T=?
2 |Key in separator temperature. SEPT SEP P=?
3 |Key in separator pressure. SEP P 0IL 6=?
4 |Key in oil gravity. OILG GAS G=?
5 Key in gas gravity and calculate GAS G GAS GS=
GAS GS. If you do not know gas R/S|* T=?
gravity, but do know molecular or
weight, press [R/S]to get the MW=?
molecular weight prompt, and then Mw GAS GS=
key in molecular weight. R/S|" =
6 Key in temperature. T R/S RSI=?
1 Key in initial gas-oil ratio and
calculate PBP and BOBP. RSI PBP=t
BOBP=
p=7
8 Key in pressure. If the pressure is P BO=
above the bubble point, BO will be (R/S]" p=?
calculated. If the pressure is below
the bubble point, RSb for that P RSb=t
pressure will be calculated, followed (R/S]" BOb=
by BOb. R/S]* p=?
9 For a new pressure, go to step 8. For
a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the
prompts and press [R/S].
*Press [R/S |if you are not using a
printer.
+Press [ALPHA ] to see the units if
you are not using a printer.
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Example 1:

Qil Formation Volume Factor
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A reservoir oil has a gravity of 39.8 API and an initial gas-oil ratio of
460 SCF/BBL at a temperature of 155 F. The dissolved gas has a gravity
of 0.83, measured at separator conditions of 100 F and 125 PSI. What is
the formation volume factor for the oil at 1000 and 2000 PSI? (These are
the same values used in Example 1 of the Two-Phase Formation Volume
Factor program. If you just ran that example, the only values you will
need to enter are the pressures. Just past the other prompts.)

Keystrokes (SIZE >= 026)

[XEQ][ALPHA]BO [ALPHA]
100

125

39.8

.83

R/S|*

155

460

R/S|*

*

*

o)
~
w

—_

00

i
~
w5

R/S|*

000 [R/S]

N
o

*Press[R/S|if you are not using a printer.

Display

SEPT=?

SEP P=?

OIL G=?

GAS G=?

GAS GS=0.8373
T=2?

RSI=?
PBP—=1641.5439
BOBP=1.2673
P=?
RSb=255.4189

BOb=1.1705
P=2
BO=1.2604

tPress [ALPHAto see the units if you are not using a printer.

(absolute P)

PSI+

SCF/BBLt
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OIL YOL FACT

SEP T=1@6.8800 F
SEP P=125.8@88 PS]
OIL G=39.380@ AP]
GRS G=6.8308

GRS GS=8.8373
T=135.6888 F
RS1=468.6888 SCF/EEL
PBF=1641.543% P35I

BOBP=1, 2673

P=1869. 0088 FSI
RkSb=235.4189 SCF/BEL
Bib=1.1785

F=2009. 08688 P31
BO=1. 2684

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following examples illustrate the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next examples.

Example 2:

Assuming you have just run the last example, use the first calculation
subroutine to recompute the formation volume factor and its associated
partial derivatives. Use the pressure input routine (P) to input and store
the first pressure.

Keystrokes Display
P =P
1000 1000.0000 P (PSI)

The CBOb routine requires P in X.

(XEQ][ALPHA|CBOb [ALPHA] 1.1705 BOb

0.0005 3BOb/3RSh
0.3032 2RSb/aP
255.4189 RSb (SCF/BBL)

1O O T R
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P=16a@, 6688 PS]

Example 3:

If the oil has an initial gas-oil ratio of 200 SCF/BBL, what is the
formation volume factor? Press to skip past the prompts whose
values are unchanged from the previous examples. If you want to verify
what the existing value is for a particular variable, press [«] when the
prompt appears.

Keystrokes Display
(XEQ][ALPHA]BO [ALPHA] SEPT=?
SEPP=?
OIL G=?
R/S GAS G=?
Mw=?
GAS GS5=0.8373
* =
RSI=?
200 PBP=813.7880 PSIt
* BOBP=1.1443
R/S|* P=?
R/S BO=1.1406

Now verify the result by using the appropriate calculation subroutine.
Since the pressure used in the last example is greater than the bubble
point just calculated, use CBO. The routine requires BOBP in X.

1.1443 [XEQ][ALPHA|CBO
ALPHA 1.1406 BO

Oli. vOL FacTt
GAS G5=R,5373

RSI1=28@. 9686 SCF-BEL
PBF=513.7858 P31

BOBP=1. 14432

BO=1. 48¢

*Press [R/S]if you are not using a printer.
T Press [ALPHA]to see the units if vou are not using a printer.




OIL VISCOSITY

The UO program estimates dead oil viscosity (UOd) and live oil viscosity
at the bubble point (UOBP). Also, the live oil viscosity above (UO) and
below (UOb) the bubble point as a function of pressure is estimated.

Equations:
Dead Oil:
U0d =104 -1
A=B T*l.lﬁ.’i
B=10€
C =3.0324 — 0.02023 OIL G
Live Oil:
Above Bubble Point:

UO =UOBP (P/PBPA)

A=26Pl187exp[-8.98 (109 P —11.513]

Below Bubble Point:
UOb=AUOdB
A =10.715 (RSb + 100)~0-515

B =5.44 (RSh + 150) 0-338

At Bubble Point:

UOBP =UOb at RSb = RSI
74
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uo

UOBP

PBP

Calculation Subroutines:

There are three calculation subroutines for this program. The first is
called CUOd (Calculate UO for Dead Oil). The routine expects certain
variables (OIL G, T) in the proper registers (see Appendix B). Upon
return, UOd in CP will be in X.

The second subroutine is called CUOb (Calculate UO for Live Oil Below
Bubble Point). The routine expects a gas-oil ratio in Y and UOd in X.
Upon return, UOb or UOBP in CP will be in X, depending on whether
RSb or RSI, respectively, was in Y when the routine was called.

The third subroutine is called CUO (Calculate UO for Live Oil Above
Bubble Point). The routine expects certain variables (PBP, P) in the
proper registers (see Appendix B). In addition, UOBP must be in X.
Upon return, UO in CP will be in X.

Range of Validity:
Dead Oil:

16 < OIL G <58 API

70<T<295F
Live Oil:
76 <SEPT<150F
30 <SEP P < 535 PSI
Above Bubble Point:

15.3 << OIL G <59.5 API
0.511 <GAS G <1.351
111 << P << 9485 PSI
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At or Below Bubble Point:
20 <RSb < 2070 SCF/BBL
14.7 <P < 5265 PSI
T0<T<295F
16 < OIL G <58 API
References:

Beggs, H. D., Robinson, J. R., “Estimating the Viscosity of Crude Oil

Systems,” JPT Forum, September, 1975, pp. 1140-1141.

Vasquez, M. and Beggs, H. D., “Correlations for Fluid Physical Property
Predictions,” Journal of Petroleum Technology, June, 1980, pp. 968-970.

User Instructions:

SIZE: 026
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. XEQ]UO SEP T=7
2 | Key in separator temperature. SEPT SEP P=?
3 | Key in separator pressure. SEP P 0ILG=?
4 | Keyin oil gravity. 0ILG GAS 6="?
5 | Key in gas gravity and calculate GAS G GAS GS=
GAS GS. If you do not know gas [R/s)" T=?
gravity, but do know molecular or
weight, press [R/Sto get the MW=?
molecular weight prompt, and then MW GAS GS=
key in molecular weight. R/S]" T=?
6 Key in temperature and calculate
uod. T U0d=t
R/S|* RSI=7
7 Key in initial gas-oil ratio and
calculate PBP and UOBP. RS PBP =1
[R/S]" U0BP=t
s P2

1O (OO O O L O O (O

r
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a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
*Press if you are not using a

printer.

1Press | ALPHA |to see the units if

you are not using a printer.

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

8 | Key in pressure. If the pressure is P uo=t
above the bubble point, UO will be (R/S]* P=2
calculated. If the pressure is below
the bubble point, RSb for that P RSb=1
pressure will be calculated, followed [R/S)* UOb=t
by UOb. R/S|* P=?

9 For a new pressure, go to step 8. For

Example 1:

A reservoir oil has a gravity of 38 API and an initial gas-oil ratio of 450
SCF/BBL at a temperature of 150 F. The dissolved gas has a gravity of
0.64, measured at separator conditions of 100 F and 125 PSI. What is the
viscosity of the oil at 1500 and 2300 PSI?

Keystrokes (SIZE >= 026)
XEQ||ALPHA|UO [ ALPHA

100 [R/S]
125 [R/S]
38[R/S]
64 [R/S]

R/S|*

150 [R/S]

R/S|*

450

oo
~
wn

*

*

-
o
~
w

50

o

*

oo
~
w

R/S|*

]

*Press if you are not using a printer.

300

Display

SEPT=?

SEP P=?

OIL G=?

GAS G=?

GAS GS=0.6454
T=?
U0d=2.4721
RSI=?
PBP=2107.0188
UOBP=0.7324
P=?
RSb=300.6342

UOb=0.9133
P=7
U0=0.7458

tPress [ALPHAto see the units if you are not using a printer.

(absolute P)

CPt

PSIy
CPt

SCF/BBLfT
CPt

CPt
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OIL VIS

SEP T=108.6888 F
SEP P=125.688688 PSI
0IL G=35.8886 APl
GAS G=8.6408

GRS G5=8,6454
T=156. 6006 F

Uod=2.4721 CP

RE1=456.0008 SCF-BEL
PEP=2187.8133 PSI
UDBP=8.7324 CP

P=1300.8886 PZi
RSb=304,6342 SCF/BBL
U0b=8.91332 CP

P=23048, A8@8 PSI
Uo=8.7458 CF

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following examples illustrate the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next examples.

Example 2:

Assuming you have just run the last example, use the CUO calculation
subroutine to verify the final result. The routine requires UOBP in X.

Keystrokes Display
. 7324 [XEQ][ALPHA]CUO [ALPHA] 0.7458 UO (CP)

f/ O

F
—
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Example 3:
Calculate the dead oil viscosity of the oil in Example 1 if it has a specific
gravity of 0.876. Also compute the bubble point viscosity for that oil. Use
the oil gravity input routine (OILG) to input and store the new oil
gravity.

Keystrokes Display

XEQ][ALPHA]OILG [ALPHA] OIL G=?
876 [ALPHA|SPGR [R/S] 30.0297 OIL G (API)
SPGR Units entered
(blank) by user

Notice that the value returned to the stack is in Pac English default
units, and that the units entered by the user are in Y and Z. Since the
default units for each value returned in the stack are known, the
ALPHA register will not contain the units for those values.

[XEQ][ALPHA]CUOd [ALPHA] 5.0760 uod(CP)

(Remember that all input and calculation subroutines return values in
Pac English default units.) Now calculate the viscosity at the bubble
point. The CUOb subroutine expects RSIin Y and UOd in X.

450 450_ RSI(SCF/BBL)
x = y|[XEQ][ALPHA]CUOD [ALPHA] 1.7497 UOb(CP)

0IL G=8.8768 SPGE



GAS-OIL RATIO

Given separator conditions, oil and gas gravity, temperature, initial
gas-oil ratio, and pressure, the RS program estimates the gas-oil ratio
below the bubble point (RSh).

Equations:
RSb = A GAS GS PBexp (C OIL G/T")
oRSb/ap = BRSb.
T"=TinR
For OIL G < 30 API: For OIL G > 30 API:

A =0.0362 A =0.0178
B =1.0937 B =1.1870
C =25.7240 C =23.9310

RSI ;

RS

/ i

/ |

/ i

FBP
P

Calculation Subroutine:

The calculation subroutine for the gas-oil ratio program is called CRSb
(Calculate RS Below Bubble Point). The routine expects certain
variables (SEP T, SEP P, OIL G, GAS G, T, P) in the proper registers
(see Appendix B). In addition, P must be in X. Upon return, RSb in
SCF/BBL will be in X, and the partial derivative of RSb with respect to
P at constant T (2RSb/3P) will be in Y. There is no calculation
subroutine to calculate RS above the bubble point, since above the
bubble point, RS = RSI.

80
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Gas-0il Ratio
Range of Validity:
76 <SEPT<150F
30 <SEP P <535 PSI
For 15.3 <OIL G < 30 API: For 30.6 < OIL G <59.5 API:

0.511 <GAS G < 1.351
14.7 <P <4542 PSI

Reference:

0.530 <GAS G < 1.259
14.7 <P <6025 PSI

81

Vasquez, M., and Beggs, H. D., “Correlations for Fluid Physical
Property Predictions,” Journal of Petroleum Technology, June, 1980, pp.
968-970.

User Instructions:

anew case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
*Press if you are not using a

printer.

1Press [ ALPHA]to see the units if

you are not using a printer.

SIZE: 026
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

1 |lnitialize program. RS SEP T=?

2 Key in separator temperature. SEPT R/S SEP P=7

3 Key in separator pressure. SEP P 0ILG=?

4 [Key in oil gravity. 0ILG GAS G=?

5 | Keyin gas gravity and calculate GAS G GAS GS=
GAS GS. If you do not know gas R/S|* T=?
gravity, but do know malecular or
weight, press [R/S Jto get the MW=?
molecular weight prompt, and then MW GAS GS=
key in molecular weight. R/S|* T=1

6 Key in temperature. T RSI=?

7 Key in initial gas-oil ratio and
calculate PBP. RSI PBP=t

R/S|" P=?

8 Key in pressure. If the pressure is P R/S RS=%
above the bubble paint, RS will be [R/S]* p=?
displayed. If the pressure is below
the bubble point, RSb for that P R/S RSh=t
pressure will be calculated. R/S|* P=1

9 For a new pressure, go to step 8. For
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Example 1:

The initial gas-oil ratio of a 30 API oil is 350 SCF/BBL. The oil
temperature is 200 F, and the gravity of the dissolved gas is 0.75.

Separator conditions are 100 F and 125 PSI. What is the gas-oil ratio at
1200 and 2100 PSI?

Keystrokes (SIZE >=026) Display

[XEQ][ALPHA]RS [ALPHA SEPT=?
100 SEPP=? (absolute P)
125 OIL G=?
30 GAS G=?
75 GAS GS=0.7550
R/S|* T=?
200 RSI=?
350 PBP=1954.3460  PSIt
* P=?
1200 RSb=205.3054 SCF/BBLt
["/S)* p=>
2100 RS=350.0000 SCF/BBLt
GRAS~-0IL

SEF T=160.8888 F
SEP P=125.0888 PZ]
OIL G=38.0888 APl
GRS G=8.7504

GAS G5=@, 7550
T=288.8888 F
R51=358. 8888 SCF-BEL
PBP=1354.3468 PSI
F=1208. 8888 P31

RSb=2085. 3854 SCF-BBL

P=218@.9888 F3l
15=350. 8688 SCF/BEL

*Press[R.s]if you are not using a printer.

TPress [ALPHAto see the units if you are not using a printer.

LT TR LT T

d
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For programmers who want to use Pac input and calculation
subroutines in their own programs, the following examples illustrate the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next examples.

Example 2:

Assuming you have just run the last example, use the calculation
subroutine to calculate the gas-oil ratio and its partial derivative at 2100
PST if the molecular weight is 18.9. Use the gas gravity input routine
(GASG) to input and store the new molecular weight.

Keystrokes Display

(XEQ][ALPHA]GASG GAS G=?

Mw=>

18.9 0.6525 GASG
XEQ|[ALPHA|CPBP [ALPHA 2219.6263 PBP (PSI)

Since the pressure is less than the bubble point just calculated, use CRShH
to calculate the gas-oil ratio. The routine requires the pressure in X.

2100 [XEQ[ALPHA)CRSb 329.4223 RSb (SCF/BBL)
0.1716 2RSb/aP

MW=13. 9885



BUBBLE POINT PRESSURE

Given separator conditions, oil and gas gravity, temperature, and gas-
oil ratio, the PBP program estimates the bubble point pressure (PBP).

Equations:
1/B
PBP = RS
A GAS GS exp (C OIL G/T")
T™=TinR
For OIL G < 30 APL: For OIL G > 30 API:
A =0.0362 A =0.0178
B =1.0937 B=1.1870
C =25.7240 C =23.9310

Calculation Subroutine:

The calculation subroutine for this program is called CPBP (Calculate
PBP). The routine expects certain variables (SEP T, SEP P, OIL G,
GAS G, T, RS) in the proper registers (see Appendix B). Upon return,
PBP in PSI will bein X.

Range of Validity:

76 <SEPT<150F
30 < SEP P <535 PSI

For 15.3 < OIL G <30 APL: For 30.6 < OIL G < 59.5 APL:
0.511 < GAS G <1.351 0.530 < GAS G < 1.259

Reference:

Vasquez, M., and Beggs, H. D., “Correlations for Fluid Physical
Property Predictions,” Journal of Petroleum Technology, June, 1980, pp.
968-970.

84
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User Instructions: SIZE: 026
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |Initialize program. [xEQ]PBP SEP T=?
2 Key in separator temperature. SEPT R/S SEP P=?
3 Key in separator pressure. SEP P R/S 0ILG=?
4 Key in oil gravity. 0ILG GAS 6=?
5 Key in gas gravity and calculate GAS G R/S GAS GS=
GAS GS. If you do not know gas R/S|" T=?
gravity, but do know molecular or
weight, press [R/Sto get the MW=?
molecular weight prompt, and then MW GAS GS=
key in molecular weight. R/S|" =7
6 Key in temperature. T R/S RS=?
7 Key in gas-oil ratio and calculate
PBP. RS PBP=f
R/S|" RS=?
8 For a new gas-oil ratio, go to step 7.

For a new case, go to step 1. Key in
only values which change. For values
which do not change, ignore the

prompts and press [R/S].
" Press if you are not using a

printer.

tPress to see the units if

you are not using a printer.

Example 1:
The gas-oil ratio of a 30 API oil is 350 SCF/BBL. The oil temperature is
200 F, and the gravity of the dissolved gas is 0.75. Separator conditions
are 100 F and 125 PSI. What is the bubble point pressure of the oil?
(These are the same values used in Example 1 of the Gas-0il Ratio
program. If you just ran that example, you can past all the
prompts.)

Keystrokes (SIZE >= 026)

Display

[XEQ][ALPHA]PBP [ALPHA]
100

125

30

.75

SEPT=?
SEPP=?

OIL G=?

GAS G=?

GAS GS=0.7550

(absolute P)
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Keystrokes

(/8]
200 [R/S]
350[R/S]

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in

Display

7>
RS=?
PBP=1954.3460 PSIt

BEIIEELE P IT

SEF T=1hd.@608 F
SEP P=125.8888 PSI
0IL G=36.0888 API
GRS G=8, 7388

GRS G5=6.7354
T=2048, 8008 F
R5=354. @888 SCF/BEL

PBP=1954. 3468 PSI

your programs, you should skip the next example.

Example 2:

Assuming you have just run the last example, use the calculation
subroutine to calculate the bubble point if the gas-oil ratio is 600
SCF/BBL. Use the gas-oil ratio input routine (/RS) to input and store the
new gas-oil ratio. (Note that this input subroutine is called IR S to avoid

conflict with the RS program.)

Keystrokes

[XEQ][ALPHA]IRS [ALPHA]
600
[XEQ][ALPHA]|CPBP [ALPHA]

*Press [R/5]if you are not using a printer.

Display

RS=?

600.0000 RS (SCF/BBL)
3199.1174 PBP (PSI)

kS=6@8. 08668 SCF/EBL

+Press [ALPHA | to see the units if you are not using a printer.

{0 L L O L O L O O O L OO O L O O |
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TWO-PHASE FORMATION VOLUME FACTOR

The BT program estimates the two-phase formation volume factor at the
bubble point (BTBP), above the bubble point (BT), and below the bubble
point (BTb). The two-phase formation volume factor is a combination of
the individual gas and oil formation volume factors. For use in the Pac,
BTBP, BT, and BTb are defined as the ratio of the volume at reservoir
conditions to the volume at stock tank conditions.

Equations:

Above Bubble Point:

BT =BTBP exp[CO (PBP — P)]
Below Bubble Point:

BTb =BOb + (RSI — RSb) BG’
At Bubble Point:

BTBP =BTb at P =PBP (i.e.,, RSb = RSI)

BG' =BG in BBL/SCF

BT

(23 2] o [P ——

/

)
o

Calculation Subroutines:

There are two calculation subroutines for this program. The first
subroutine is called CBTb (Calculate BT Below Bubble Point). The
routine expects certain variables (Te¢, Pe, STD T, STD P, SEP T, SEP P,
OIL G, GAS G, T) in the proper registers (see Appendix B), and uses
certain scratch registers (see Appendix A). In addition, a pressure must
be in X. Upon return, BTb or BTBP will be in X, depending on whether P
or PBP, respectively, was in X when the routine was called. RSb in
SCF/BBL will bein Y.

88
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The second subroutine is called CBT (Calculate BT Above Bubble Point).
The routine expects certain variables (SEP T, SEP P, OIL G, GAS G, T,
RSI, PBP, P)in the proper registers (see Appendix B). In addition, BTBP
must be in X. Upon return, BT will be in X. Note that above the bubble
point, BT = BO.

Range of Validity:
76 <SEPT<150F
30 <SEP P <535 PSI
15.3 <OIL G <59.5 API
Above Bubble Point:

0.511 <GAS G <1.351

111 < P <9485 PSI
At or Below Bubble Point:
For 15.3 <OIL G <30 API: For 30.6 < OIL G < 59.5 API:
0511 <GAS G <1.351 0.530 <GAS G <1.259
14.7 < P < 4542 PSI 14.7 <P <6025 PSI

At or below the bubble point, see also the “Range of Validity'’ section of
the Z Factor program.

Remarks:

The correlations used for estimating RSb and BOb do not take into
account the discontinuity at the bubble point. Consequently, the
derivatives dRSb/2oP, aBOb/2RSb, and 2BOb/8P do not accurately
reflect the behavior of RSb and BOb approaching the bubble point.
Because of this, BT'b may be larger than expected at pressures slightly
below the bubble point.

If you know that the pressures of interest are greater than the bubble
point, you do not have to input values for Te¢, Pe, STD T, or STD P. Just

past those prompts.

References:

Ramey, H. J., “Rapid Methods for Estimating Reservoir Compressibi-
lities,” Journal of Petroleum Technology, April, 1964, pp. 447-454.

Vasquez, M., and Beggs, H. D., “Correlations for Fluid Physical
Property Predictions,” Journal of Petroleum Technology, June, 1980, pp.
968-970.
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User Instructions:
SIZE: 026
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. BT Te=?
2 Key in pseudocritical temperature. Tc R/S Pc=?
3 Key in pseudocritical pressure. Pc R/S STDT=?
4 Key in temperature at standard
conditions. If the previously stored
STD Tis O F, it will be replaced by 60
F betore this prompt appears. STDT R/S STDP=?
5 Key in pressure at standard

conditions. If the previously stored

STD P is 0 PSI, it will be replaced by

14.65 PSI before this prompt

appears. STDP SEP T=7?
6 Key in separator temperature. SEPT R/S]| SEP P=?
7 | Key in separator pressure. SEPP 0L G=?

8 Key in oil gravity. OIL G R/S GAS G=?

9 Key in gas gravity and calculate GAS G R/S GAS GS=
GAS GS. If you do not know gas R/S|" T=?
gravity, but do know molecular or
weight, press [R/S]to get the MW =?
molecular weight prompt, and then MW R/S GAS GS=
key in molecular weight. (R/S]" T=?

10 |Key in temperature. T RSI=?

n Key in initial gas-oil ratio and
calculate PBP and BTBP. RSI R/S PBP=t

R/S|* BTBP=
[R/S]" p=?

12 Key in pressure. If the pressure is P R/S BT—
above the bubble point, BT will be [R/S]" p=?
calculated. If the pressure is below
the bubble point, RSh for that P RSb=t
pressure will be calculated, followed R/S|" BTb=
by BTh R/S|* P=7

13 [Fora new pressure, go to step 12.

For a new case, go to step 1. Key in

only values which change. For values

which do not change, ignore the

prompts and press [R/S .

*Press [R/S |if you are not using a
printer.

tPress [ALPHA]to see the units if
you are not using a printer.

SRR TR T TR TR T T T
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Example 1:

A reservoir oil has a gravity of 39.8 API and an initial gas-oil ratio of
460 SCF/BBL at a temperature of 155 F. The dissolved gas has a gravity
0f 0.83, Tc of 429 R, and Pc of 664 PSI. (Tc and Pc were calculated using
the Pseudocritical Temperature and Pressure From Gas Gravity
program at a gas gravity of 0.83 and no sour gases.) Separator
conditions are 100 F and 125 PSI, and the standard conditions for the
gas are 60 F and 14.65 PSI. What is the two-phase formation volume
factor at 1000 and 2000 PSI?

Keystrokes (SIZE >= 026) Display

[XEQ][ALPHA|BT [ALPHA] Tc=?
429 Pc=?
664 STDT=>
60 STDP=?
14.65 SEPT=?
100 SEP P=? (absolute P)
125 OoIL G=?
39.8 GAS G=?
.83 GAS GS=0.8373
(R/s]* r—>
155 RSI=?
460 PBP=1641.5439 PSIt
(R/S]* BTBP=1.2673
R/S]* =2
1000 RSb=255.4189 SCF/BBLY
R/S]* BTb=1.6950
R/S|* P=2
2000 BT=1.2604

*Press if you are not using a printer.

tPress [ALPHA]to see the units if you are not using a printer.
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2PH Y0OL FRCT

Tc=429.0806 R
Pc=664. 0008 PSI
STD T=c@.8088 F
STD P=14.6588 PSI
SEP T=198.8408 F
SEP P=125.0888 PSI
OIL G=39.30688 APl
GRS G=A.8308

GRS G5=0.3373
7=155. 0008 F
RG1=460,8888 SCF/BEL
PBF=1641.543% PSI

BTEP=1.2673

P=10@g, 2088 P51
RSb=255.4189 SCF/BBEL
BTb=1.6%58@

F=20@n,aeae P51
BT=1.2684

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

Example 2:

Assuming you have just run the last example, use the calculation
subroutines to compute the formation volume factor if the separator was
at 280 F. Use the separator pressure and temperature input routine
(SEPTP) to input and store the new separator conditions.

Keystrokes Display
[XEQ][ALPHA|SEPTP SEPT=?
280 SEPP=?
[XEQ][ALPHA]CPBP 1620.1684 PBP (PSI)

Since the last pressure used in Example 1 is greater than the bubble
point just calculated, use CET to calculate the formation volume factor.
This routine requires BTBP in X, which is calculated using CBTb with
PBP in X. (BTBP can also be calculated using CBOD if Te, Pe, STD T,
and STD P are not known.)

e mcmeoentnenmmnmnmnmmmmmmnhThn R
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Keystrokes Display
XEQ|[ALPHA|CBTb [ALPHA 1.2665 BTBP
XEQ][ALPHA]CBT [ALPHA 1.2596 BT

Now use the P input routine to input and store the 1000 PSI pressure
from Example 1. Since this pressure is less than the bubble point just
calculated, use CBTh to calculate the formation volume factor.

[XEQ][ALPHA]P [ALPHA] P=?
1000 1000.0000 P (PSI)
[XEQ][ALPHA|CBTb [ALPHA] 1.6858 BTb

SEF T=238.8@88 F
P=1800, 0888 PSI



WATER ISOTHERMAL COMPRESSIBILITY

Given salinity, temperature, and pressure, the C\W program estimates
the isothermal coefficient of compressibility for reservoir brines (CW).
The program includes an option to correct the compressibility for gas
saturation.
Equations:

CW (Hy0) =(A + BT + CT%)/106

A =3.8546 —0.000134 P
B =-0.01052 +4.77(10"7) P
C =3.9267(10 %) —8.8(10"1O)P
Gas Saturation Correction:
CW (gas) = CW (Hy0)[1 +8.9 (10 %) RSW]
Salinity Correction:
Hs0

r ) ([—0.052 +2.7(10 4T — 1.14 (10 ©) T2

CW (brine) = CW ( o
gas

+1.121 (1079 T3] %NACL%7 + 1}

Ccw
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Calculation Subroutine:

The calculation subroutine for this program is called CCW (Calculate
CW). The routine expects certain variables (%WNACL, T, P) in the proper
registers (see Appendix B), and uses certain scratch registers and flags
(see Appendix A). Upon return, CW in 1/PSI will be in X.
Range of Validity:
80<T<250F
1000 < P <6000 PSI
0<%NACL <25
References:

Craft, B. C. and Hawkins, M. F., Applied Petroleum Reservoir
Engineering, Prentice-Hall, 1959, p. 130.

Meehan, D. N., “A Correlation for Water Compressibility,” Petroleum
Engineer, November, 1980, pp. 125-126.

Numbere, D., Brigham, W. E., and Standing, M. B., Correlations for
Physical Properties of Petroleum Reservoir Brines, Petroleum Research
Institute, Stanford University, November, 1977, p. 17.

User Instructions:

SIZE: 020
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. [XEQ]CW RSW>0? Y/N:{
2 If the water is gas-saturated, answer
“¥"_If not, answer “N". YorN %NACL=?
3 |Key in weight percent sodium %NACL T=?
chloride. If you do not know weight
percent, but do know parts per or
million, press [R/S]to get the parts PPM=?
per million prompt, and then key in PPM T=?
parts per million.
4 |Keyin temperature. T p=?
5  |Keyin pressure and calculate CW. P cW=t
R/S|" p=?

6 For a new pressure, go to step 5. For
¢ new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
*Press [R/S]if you are not using a

printer.

tPress to see the units if
you are not using a printer.

tThe last character of this prompt
will be Y if the prompt is currently
true, or N if the prompt is currently
false
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Example 1:

A reservoir brine has 30,000 PPM sodium chloride. The brine is at a
temperature of 200 F and a pressure of 3000 PSI. What is the isothermal
compressibility of the brine? Determine the compressibility for both a
gas-saturated and a gas-free brine.

Keystrokes (SIZE >= 020) Display

[XEQ][ALPHA]CW [ALPHA] RSW>0?Y/N:t
Y %NACL=?
PPM=?
30000 r=?
200 P=?
3000 CW=3.2549E-6 1/PSIt
[XEQ|[ALPHA]CW [ALPHA] RSW>0?Y/N:Y
N %NACL=?
PPM=>
7=2
P=2
R/S CW=2.8682E-6 1/PSIT

H20 150 CMFP

RSW»8: YES
PPH=36688, Ga88
T=264, 0688 F
P=1A6@,8@88 PSI

CH=3.2549E-6 1/PSI

H20. 150 CTMP
RSH:E: Hi
CH=2.8682E-& 1/P5]

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

tPress [ALPHA] to see the units if you are not using a printer.

IThe last character of this prompt will be Y if the prompt is currently true, or N if the prompt
is currently false.

| —

|

(O O O (O O O O O O

r



L A A R R R R

Water Isothermal Compressibility 97
Example 2:

Assuming you have just run the last example, use the calculation
subroutine to compute the isothermal compressibility in 1/PSI for the
same brine with 200,000 PPM sodium chloride, assuming the brine is
gas-saturated. Use the sodium chloride input routine (%NACL) to input
and store the new PPM.

Since this example is for a gas-saturated brine, the status set by
answering N to the RSW>0? Y/N question is no longer valid. The
appendices describe how to set the proper status. From Appendix A, flag
06 is needed for this calculation subroutine. From Appendix B, the flag
is used to distinguish between gas-free and gas-saturated water, and
must be set if the water is gas-saturated.

Keystrokes Display

BsFjo6 (gas-saturated)
(XEQJ[ALPHA|%NACL [ALFHA]  %NACL=7?

PPM=>

2 [EEX]5 20.0000 WNACL
[XEQ][ALPHA]CCW 2.5259 -06 CW (1/PSI)

(Remember that all input and calculation subroutines return values in
Pac English default units.)

PPH=288040, ABRA




WATER FORMATION VOLUME FACTOR

The BW program estimates the formation volume factor for reservoir
brines (BW). The program includes an option to correct the formation
volume factor for gas saturation. For use in the Pac, BW is defined as
the ratio of the volume at reservoir conditions to the volume at stock
tank conditions.

Equations:
BW (H50) = A + BP + CP2

Gas-Free Water:
A =0.9947 +5.8(107% T +1.02 (1076 T2
B =—4.228(10 %)+ 1.8376 (1078 T — 6.77 (107 11) T*
C=1.3(10 19 —1.3855(10 ') T +4.285 (10 15) T
(Gas-Saturated Water:
A =0.9911+6.35(1072) T + 8.5 (10 7) T2
B =—1.093 (105 — 3.497 (1079 T + 4.57 (10713 T*
C=-5(10 1) +6.429 (10 %) T —1.43(10 15 T2
Salinity Correction:

BW (brine) = BW (H;0)[{5.1 (1075 P
+[5.47(1078) — 1.95 (1019 P (T — 60)
+[—3.23 (10 %) + 8.5 (10" 13) P|(T — 60)2} "NACL + 1]

Calculation Subroutine:

The calculation subroutine for this program is called CEW (Calculate
BW). The routine expects certain variables (WNACL, T, P) in the proper
registers (see Appendix B), and uses certain flags (see Appendix A).
Upon return, BW will be in X.

Range of Validity:

100<<T<250F
1000 < P <5000 PSI
0<%NACL <25

98
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References:

Craft, B. C. and Hawkins, M. F., Applied Petroleum Reservoir
Engineering, Prentice-Hall, 1959, p. 131.

Numbere, D., Brigham, W. E., and Standing, M. B., Correlations for
Physical Properties of Petroleum Reservoir Brines, Petroleum Research
Institute, Stanford University, November, 1977, p. 16.

Ramey, H. J., Stanford University, unpublished correspondence.

User Instructions:

a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
* Press [R/S]if you are not using a

printer.

{The last character of this prompt
will be Y if the prompt is currently
true, or N if the prompt is currently
false.

SIZE: 020
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Initialize program. [XEQ]BW RSW>0? Y/N:t
2 It the water is gas-saturated, answer
“Y. If not, answer "N YorN %NACL=?
3 |Key in weight percent sodium %NACL =2
chloride. If you do not know weight
percent, but do know parts per or
million, press [R/S]to get the parts RS PPM=?
per million prompt, and then key in PPM T=?
parts per million.
4 Key in temperature. T R/S P=?
5 Key in pressure and calculate BW. P R/S BW=
R/S]" pP=7
6 For a new pressure, go to step 5. For




100 Water Formation Volume Factor
Example 1:

A reservoir water is at 100 F and 5000 PSI. If the water is gas-saturated,
what is the formation volume factor? If the water is gas-free?

Keystrokes (SIZE >=020) Display

ALPHA]BW [ALPHA RSW>0?Y/N:%
Y %NACL=?
0 T="
100 P=?
5000 BW=0.9990
[XEQ][ALPHA|BW [ALPHA] RSW>0?Y/N:Y
N %NACL=?
PPM=?
I=

R/S P=7

R/S BW=0.9910

Hz0 VOL FACT
RSH>8: YES

%NACL=8. g8ag

T=184. 8862 F

P=5800, dage FSI

Bi=5,993@

H20 VOL FACT
RSHE: HO

BH=@,9918

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

1The last character of this prompt will be Y if the prompt is currently true, or N if the prompt
is currently false.

O] N1 8 T NN 4 N1 N W) O O W) 1 A O T 1 L 1 ) ] |
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Example 2:

Assuming you have just run the last example, use the calculation
subroutine to compute the formation volume factor for the same water at
a temperature of 200 F if the water is gas-free. Use the temperature input
routine (T) to input and store the new T.

Since the calculation in the last example was for gas-free water, the
status set by answering N to the RSW>0? ¥ /N question is still valid for
use by the calculation subroutine.

Keystrokes Display

XEQ|[ALPHA|T [ALPHA =7

200 200.0000 T (F)
[XEQ][ALPHA|CBW [ALPHA] 1.0210 BW

T=280.8308 F



WATER VISCOSITY
The UW program estimates the viscosity of reservoir brines (UW) as a
function of salinity, temperature, and pressure. The program also

estimates the saturation pressure of water (PSAT) as a function of
temperature.

Equations:

UW (H50) = 241.4 (10~%) 10[2478 /(1" — 140}]
-[1 +(P"—PSAT’) 1.0467 (10 %) (T” — 305)]

T =TinK
P'=Pin BAR

PSAT'=PSAT in BAR

Salinity Correction:

UW (brine) = UW (H20) {1 — 1.87 (107 3) "NACL05
+2.18(10 ) %NACL25 4+ (1705 —0.0135T)
-[2.76 (10 %) %NACL — 3.44 (104 WNACL! 9]

Saturation Pressure:

Tr

8
PSAT’ = 22088 exp [M—_—L ZAi (0.65 —0.01 T") l]
i—1

PSAT’ = PSAT in KPA

T =TinK
T"=TinC
102
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PSAT Coefficients

A;
—7.419242
—0.29721
—0.1155286
—0.008685635
0.001094098
0.00439993
0.002520658
0.0005218684

O~NOO b wWN =

uw

Calculation Subroutines:

There are two calculation subroutines for this program. The first
subroutine is called CUW (Calculate UW). The routine expects certain
variables (WNACL, T, P) in the proper registers (see Appendix B). Upon
return, UW in CP will be in X.

The second subroutine is called CPSAT (Calculate PSAT). The routine
expects T in X. Upon return, PSAT in PSI will be in X.

Range of Validity:
For UW:
32<T<572F
PSAT <P < 11600 PSI
0L MNACL <25
For PSAT:

32<T<T05F
0.0887 << P < 3203.6 PSI
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The program will halt and display P << PSAT for pressures less than the
saturation pressure of water for the temperature being used. If this
occurs, press [«] to see the saturation pressure. Then restart the
program using either a pressure higher than PSAT or a lower
temperature.

Remarks:

The saturation pressure of water is the pressure at which water will
vaporize for a given temperature, and this temperature is called the
saturation temperature. If the pressure is less than PSAT, a vapor phase
is present, and the liquid viscosity cannot be calculated.

References:

Haywood, R. W., “Sixth International Conference on the Properties of
Steam—Supplement on Transport Properties,” J. Eng. Power, Trans.
ASME, January, 1966, pp. 63-66.

Numbere, D., Brigham, W. E., and Standing, M. B., Correlations for
Physical Properties of Petroleum Reservoir Brines, Petroleum Research
Institute, Stanford University, November, 1977, p. 8.

Keenan, J. H., et. al, Steam Tables, John Wiley and Sons, 1969, p. 141.

Van Wylen, G. J., and Sonntag, R. E., Fundamentals of Classical
Thermodynamics, John Wiley and Sons, 1973, pp. 40-41.

User Instructions:

SIZE: 020
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 [Initialize program. [XEQ]Uw %NACL=?
2 Key in weight percent sodium %NACL R/S| T=?
chloride. If you do not know weight
percent, but do know parts per or
million, press to get the parts PPM=?
per million prompt, and then key in PPM R/S T=?
parts per million.
3 Key in temperature. T R/S P=?
4 | Key in pressure and calculate UW. P UW=t
R/S]" P=?

5 For a new pressure, go to step 4. For
anew case, go to step 1. Key in only
values which change. For values
which do not change, ignore the
prompts and press [R/S].

* Press [R/S]if you are not using a

printer.

tPress [ALPHA to see the units if
you are not using a printer.

LM THATHMTTHMHEMMAMNMTTTOT I TN ITMTTTTTT
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Example 1:

A reservoir brine has 18 percent sodium chloride. The brine is at a
temperature of 50 C and a pressure of 180 ATM. What is the viscosity of
the brine in PA*S? If the pressure doubles, what is the viscosity? Turn
on the output portion of the Unit Management System (set flag 10) to
allow you to change the output units.

Keystrokes (SIZE >= 020) Display

W(sFj10M[EnG]4

[XEQ][ALPHA]UW [ALPHA] %NACL=?

18 -2

50 c £

180 [ALPHA]ATM [R/S] UW. CP?

PA+S UW=825.48E-6 PA+St
- P=7

2.6453 03

Pressing [« shows you the previous value for P. Whenever there is an
input or output prompt, the number in X always corresponds to the units
shown in the ALPHA register. Check the ALPHA register to see what
the units are.

Psi

The number in X is 180 ATM converted to PSI (English default units
because flag 09 is clear).

ALPHA]2 [<][R/S UW, PA%S?
R/S UW=828.33E-6 PA+S+

Notice that the units you selected for UW, the primary output variable,
were saved for you.

*Press [R/s]if you are not using a printer.

TPress [ALPHAto see the units if you are not using a printer.
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HzO WIS

%NACL=18.006ER
T=58.606EE C
P=136.88E3 ATH

UR=325.48E-5 PR*S

P=5.2985E3 PSI
UK=328.33E-€ PR3

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following examples illustrate the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next examples.

Example 2:
Assuming you have just run the last example, use the calculation
subroutine to compute the viscosity in PAx*S for salt-free water at the

same temperature and pressure. Use the sodium chloride input routine
(%NACL) to input and store the new %NACL.

Keystrokes Display

(XEQ]J[ALPHA] %NACL %NACL=?

0 0.0000 00 %WNACL
[XEQ][ALPHA]CUW [ALPHA] 547.93 -03 UW (CP)
F

All calculation subroutines return values in Pac English default units.
Because of this, the contents of the ALPHA register after executing a
calculation subroutine are not related to the units of the variables that
were calculated.

PA*S-CP [ALPHA] 547.93 -03
XEQ|[ALPHA]INCON [ALPHA 547.93 -06 UW (PA%S)

%HACL=8, BAA8ER

T EUEL T T T T T T T T

J
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Example 3:

For a temperature of 120 C, what is the saturation pressure of water in
PSI? Remember that all inputs to a calculation subroutine must be in
Pac English default units.

Keystrokes Display

120 [ALPHA|C-F [ALPHA] 120.00 00 T(C)
XEQ|[ALPHA|CON [ALPHA] 248.00 00 T (F)
[XEQ][ALPHA|CPSAT [ALPHA] 28.793 00 PSAT (PSI)
BcF10 BFix] 4 28.7929

LU



GAS-WATER RATIO

Given salinity, temperature, and pressure, the RSW program estimates
the dissolved gas-water ratio (RSW) for reservoir brines.

Equations:
RSW (H,0) = A + BP + CP?
8RSW/2P (H20) =B + 2CP
A =212 +3.45(10 %) T —3.59 (10 °)T?
B =0.0107 —5.26 (10 %) T + 1.48 (10~ 7) T?
C=-875(10"7) +3.9(10 9T —1.02(10 ') T?
Salinity Correction:
S.C.=1-[7.53(10 %) —1.73(10 ) T] %WNACL
RSW (brine) = RSW (H,0) - S.C.
SRSW /2P (brine) = 2RSW/aP (H0) - S.C.

Calculation Subroutine:

The calculation subroutine for the gas-water ratio program is called
CRSW (Calculate RSW). The routine expects certain variables (WNACL,
T, P) in the proper registers (see Appendix B), and uses certain scratch
registers (see Appendix A). Upon return, RSW in SCF/BBL will be in X,
the partial derivative of RSW with respect to P at constant T (6RSW/2P)
will be in Y, and the salinity correction (S.C.) will be in Z.

Range of Validity:
90 <T<250F
500 < P < 5000 PSI
0L MNACL <3
References:

Craft, B. C., and Hawkins, M. F., Applied Petroleum Reservoir
Engineering, Prentice-Hall, 1959, p. 130.

Ramey, H. J., Stanford University, unpublished correspondence.
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User Instructions:

Gas-Water Ratio

109

a new case, go to step 1. Key in only
values which change. For values
which do not change, ignore the

prompts and press [R/S].
* Press if you are not using a

printer.

tPress [ ALPHA |to see the units if

you are not using a printer.

SIZE: 020
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |lInitialize program. RSW %NACL=?
2 Key in weight percent sodium %NACL T=?
chloride. If you do not know weight
percent, but do know parts per or
million, press [R/S]to get the parts PPM=2
per million prompt, and then key in PPM T=?
parts per million.
3 Key in temperature. T p=?
4 Key in pressure and calculate RSW. P R/S RSW=+
p=?
5 For a new pressure, go to step 4. For

Example 1:

Determine the gas-water ratio of a reservoir brine containing 25,000
PPM sodium chloride. The brine is at a temperature of 150 F and a
pressure of 3100 PSI.

Keystrokes (SIZE >=020)
XEQ][ALPHA]RSW [ALPHA |

R/S]|

25000
150
3100 [R/S]

tPress [ALPHA|to see the units if you are not using a printer.

Display

%NACL=?
PPM=>
T=>

P=2
RSW=13.9132

PPH=25084. 8
T=154, Aand

GLIE
F

GAS-HATERE

SCF/BBLT
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For programmers who want to use Pac calculation subroutines in their
own programs, the following example illustrates the use of these
routines. If you do not intend to use these subroutines in your programs,
you should skip the next example.

Example 2:

Assuming you have just run the last example, use the calculation
subroutine to recompute the gas-water ratio, its partial derivative, and
the salinity correction.

Keystrokes Display

[XEQ][ALPHA]CRSW [ALPHA] 13.9132 RSW
(SCF/BBL)

0.0026 oRSW/aP

0.8766 S.C.

OO O OO O (O
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ROCK COMPRESSIBILITY

The CFR program estimates the formation or rock compressibility (CFR)
given the percent porosity. The technique used is based on Hall’s
correlation for rock compressibility.

Equations:
CFR = 1.87 (10 %) (%POR/100) 0-41°

Calculation Subroutine:

The calculation subroutine for this program is called CCFR (Calculate
CFR). The routine expects certain variables (%APOR) in the proper
registers (see Appendix B). Upon return, CFR in 1/PSI will be in X.

Range of Validity:
2 < %POR < 26

Remarks:

This technique does not provide valid approximations to compressi-
bility for unconsolidated or friable sandstones.

References:

Hall, H. N., “Compressibility of Reservoir Rocks,” Trans. AIME, 1953,
198, pp. 309-311.

Craft, B. C., and Hawkins, M. F., Applied Petroleum Reservoir
Engineering, Prentice-Hall, 1959, p. 132.

Earlougher, R. C., Advances in Well Test Analysis, Society of Petroleum
Engineers of AIME, 1977, pp. 229-230.

Meehan, D. N., Champlin Petroleum Company, unpublished
correspondence.
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SIZE: 019
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1| Initialize program. CFR %POR=?
2 Key in percent rock porosity and
calculate CFR. %POR CFR=%
%POR="?
3 For a new percent porosity, go to

step 2. For a new case, go to step 1.
Key in only values which change. For
values which do not change, ignore

the prompts and press [R/S].
* Press (RS if you are not using a

printer.

tPress [ALPHA|to see the units if

you are not using a printer.

Example 1:

The porosity of a certain reservoir is 20 percent. What is its approximate

compressibility?

Keystrokes (SIZE >=019)

XEQ|[ALPHA]CFR [ALPHA
20[R/s]

Display

%POR=?
CFR=3.6468E-6 1/PSIt

EOCK CHP
%POR=28, Baa8

CFR=3.64A8E-6 1/PS1

For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

tPress [ALPHA]to see the units if you are not using a printer.
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Lxample

With the calculation subroutine, estimate the rock compressibility in
1/PSI for a reservoir rock with 14 percent porosity. Use the porosity

input routine (%POR) to input and store the new %POR.
Keystrokes Display

[XEQ][ALPHA]%POR [ALPHA] %POR=?

14 14.0000 %POR
[XEQ][ALPHA]CCFR [ALPHA] 4.2286 -06 CFR (1/PSI)

%POR=14, 6888

T T T T T T T T T T T LT

F
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TOTALISOTHERMAL COMPRESSIBILITY

The CT program estimates the total isothermal coefficient of
compressibility of a formation above and below the bubble point (CT
and CTh). The effects of all three reservoir fluids (gas, oil, and brine) and
of the formation are included. The effect of dissolved gas on the oil and
brine is taken into account. C'T and CTb are calculated by a weighted
sum of the compressibilities of the separate phases. The volumetric
phase saturations are the weighting factors in the sum.

Equations:

Oil Present:
Above Bubble Point:

CT=S0OCO +SWCW +CFR
Below Bubble Point:
CTb =S80 COb+SGCG +SWCW + CFR

No Oil Present:
CT=SGCG +SWCW +CFR

SO

_ %SO SW= %SW SG = NSG
100 100 100

Calculation Subroutines:

There are two calculation subroutines for this program. Both routines
expect certain input variables (Pc, SEP T, SEP P, OIL G, GAS G,
WNACL, %POR, %S0, %SW, T, P) in the proper registers (see Appendix
B), and use certain scratch registers and flags (see Appendix A). In
addition, TR must be in Z, PR must bein Y, and P must be in X.

The first subroutine, CCTh ( Calculate CT Below Bubble Point), expects
certain additional variables (STD T, STD P) in the proper registers.
Upon return, CTbin 1/PSI will be in X, and RSh in SCF/BBL will be in
Y. The second subroutine, CCT (Calculate CT Above Bubble Point),
expects an additional variable (RSI) in the proper register. Upon return,
CTin 1/PSI will be in X.

Range of Validity:

0 < %S0 < 100
0 < %SW <100
0 < %SO + %SW <100

116

r

] R L OO OO O O O O O T




LI 4 44

Total Isothermal Compressibility 117

See also the “Range of Validity” section of the Gas Isothermal
Compressibility, Oil Isothermal Compressibility, Water Isothermal
Compressibility, and Rock Compressibility programs.

Remarks:

The correlations used for estimating COb do not take into account the
discontinuity at the bubble point. Because of this, CTb may be larger
than expected at pressures slightly below the bubble point.

If you know that the pressures of interest are greater than the bubble
point, and there is oil present (%SO > 0), you do not have to input values
for Te, Pe, STD T, or STD P. Just past those prompts.

References:

See the “References” section of the Gas Isothermal Compressibility, Oil
Isothermal Compressibility, Water Isothermal Compressibility, and
Rock Compressibility programs.

User Instructions:

SIZE: 026
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |Initialize program. cT RSW=>0? Y/N:}
2 It the water is gas-saturated, answer
“Y".If not, answer "N YorN R/S Te=?
3 Key in pseudocritical temperature. Tc R/S Pc=?
4 | Key in pseudocritical pressure. Pc STD T=?
5 Key in temperature at standard
conditions. If the previously stored
STD Tis OF, it will be replaced by 60
F before this prompt appears. STDT STD P=?
6 Key in pressure at standard
conditions. If the previously stored
STD P is D P8I, it will be replaced by
14.65 PSl before this prompt
appears. STD P R/S SEPT=?7
7 | Key in separator temperature. SEPT SEP P=?
8 | Key in separator pressure. SEPP 0L G=?
9 Key in oil gravity OILG R/S| GAS G=?
1The last character of this prompt
will be Y if the prompt is currently
true, or N if the prompt is currently
false.
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STEP INSTRUCTIONS INPUT FUNCTION DISPLAY

10 Key in gas gravity. If you do not know GAS G %NACL=?
gas gravity, but do know molecular or
weight, press [R/S |to get the MwW=?
molecular weight prompt, and then MW %NACL=?
key in molecular weight.

1 Key in weight percent sodium %NACL R/S %POR=?
chloride. If you do not know weight
percent, but do know parts per or
million, press | R/S |to get the parts R/S PPM=7
per million prompt, and then key in PPM [R/S] %POR=7
parts per million.

12 | Key in percent porosity. %POR [R/S T=?

13 | Key in temperature. T [R/S RSI=?

14 | Key in initial gas-oil ratio. RSI %S0=7?

15 | Key in volume percent oil. %S0 R/S| %SW=?

16 | Key in volume percent water and
calculate %SG. If there is oil present,
calculate GAS GS and PBP.*" %SW %SG=

GAS GS=
PBP=t
P=?

17 | Key in pressure. If there is oil P CT=+
present and the pressure is above %S0=?
the bubble point, or if there is no oil
present, CT will be calculated. If P RSb=+
there is oil present and the pressure / CTh=t
is below the bubble point, RSh for R/S]* %S0=?
that pressure will be calculated,
followed by CTb.

18 | For a new volume percent oil and

water, and a new pressure, go to
step 15. For a new case, go to step

1. Key in only values which change
For values which do not change,
ignore the prompts and press (R/S].

* Press [R/S]if you are not using a

printer.

tPress [ ALPHA |to see the units if
you are not using a printer.

** When CT is run, GAS GS and PBP
will only be output the first time
step 16 is reached.

{1

F
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Example 1:

It is desired to estimate the total isothermal coefficient of compressi-
bility of a particular oil zone. The formation has a porosity of 22 percent,
and is at a temperature of 155 F. The fluid in the reservoir is 53 percent
oil with 39.8 API gravity, 35 percent water with 10,000 PPM sodium
chloride, and 12 percent gas with 0.83 gravity. Since the water is
presumably in equilibrium with the hydrocarbons, it can be assumed to
be gas-saturated.

At pressures above the bubble point, no free gas is present in the
reservoir, leaving 65 percent oil and 35 percent water.

Using the Pseudocritical Temperature and Pressure From Gas Gravity
program for a reservoir gas with 0.83 gravity and no sour gases, Tc of
429 R and Pc of 664 PSI are calculated. Standard conditions for the gas
are 60 F and 14.65 PSI, and separator conditions are 100 F and 125 PSI.
If the initial gas-oil ratio is 460 SCF/BBL, what is the total isothermal
compressibility for the system in 1/PSI at 1000 and 2000 PSI?

Keystrokes (SIZE >=026) Display

W(ENG]4
[XEQ][ALPHA|CT [ALPHA] RSW>0?Y/N:%
Y Tec=?
429 Pc=>?
664 [R/S] STD 1=?
60 STD P=?
14.65 SEPT=?
100 SEPP=? (absolute P)
125 OIL G=?
39.8 GAS G=?
.83 %NACL=?
R/S PPM=?
10000 %POR=?
22 7=>
155 RSI=?
460 %S0=?
53 %S W=?
35 %SG=12.0000E0
[R/S]* GAS GS=837.29E-3
[R/S])* PBP=1.6415E3 PSIt

*Press [R5 ]if you are not using a printer.
TPress [ALPHA | to see the units if you are not using a printer.

{The last character of this prompt will be Y if the prompt is currently true, or N if the prompt
is currently false.
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Keystrokes Display
* Pe=p
1000 RSb=255.42E0 SCF/BBLY
[r/S]* CTb=433.73E-6 1/PSI{
* %S0=?
65(R/S %SW=2?
R/S %SG=0.0000E0
R/S|* P=?
2000 CT=14.532E-6 1/PSIt

T0T 150 CMP

RSH>E: YES
c=429.98E8 K
Fo=664,BBEE FSI
STD T=oH.0@8ER F
STD P=14.659E8 PSI
SEP T=1p8.806ER F
SEP P=125.88E@ PSI
OIL G=39.88RE6 API
GAS G=830,88E-2
PPH=18.8@8E3
%POR=22.B0BER
T=135.088E0 F
RSI=460.8AEE SCF/BBL
#50=53. B8ER
%SW=35.883EA
%56=12. 0RaEe
GAS G5=837,29E-3
PBP=1.6415E3 PSI
P=1.88@8E3 PSI
RSh=255.42E6 SCF/BBL

CTb=433.73E-6 1/PSI

%50=63. A8AES
%5G=0,AaRAEA
P=2.0888E3 PS]
CT=14.532E-6. 1 /PS]

*Press[R/8]if you are not using a printer.

1Press [ALPHA]to see the units if you are not using a printer.

O o {0
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For programmers who want to use Pac input and calculation
subroutines in their own programs, the following example illustrates the
use of these routines. If you do not intend to use these subroutines in
your programs, you should skip the next example.

Example 2:

Assuming you have just run the last example, use the calculation
subroutines to compute the isothermal compressibility in 1/PSI at the
pressures in the example if the standard pressure used is 15.025 PSL. Use
the standard temperature and pressure input routine (STDTP) to input
and store the new STD P.

Keystrokes Display
[XEQ][ALPHA]STDTP STDT=2
STD P=>
15.025 15.025 00 STD P (PSI)

Since there is oil present, and the last pressure used in Example 1 is
greater than the bubble point, use CCT to calculate the compressibility.
Since this routine requires TR in Z, PR in Y, and P in X, which are the
stack contents after calling the pressure input routine, set up the stack
by executing P,

(XEQ][ALPHA]P [ALPHA] P=2
2.0000 03 P (PSI)
ALPHA|CCT [ALPHA 14.532 -06 CT (1/PSI)

Now use P again to input and store the 1000 PSI pressure from Example
1. Since there is oil present, and this pressure is less than the bubble
point, use CCTb to calculate the compressibility.

(XEQ][ALPHA]P P
1000 1.0000 03 P (PSI)

After executing P, the stack is set up for CCTh,

XEQ|[ALPHA]|CCTb [ALPHA 367.66 -06 CTb (1/PSI)
R+ 255.42 oo RSb (SCF/BBL)
B[Fx]4 255.4189

Note that the calculation at 1000 PSI was based on no free gas below the
bubble point (%SO = 65, %SW = 35 from Example 1). This situation is
not physically possible, of course, unless RSI = 0.

TD P=15.825E8 PS]
=1, @988EZ PSI

o
5"
F




GENERAL PURPOSE, INPUT, AND I/0
SUBROUTINES FOR PROGRAMMERS

The HP-41 Petroleum Fluids Pac was designed so that all of the
programs are subroutinable. In other words, each program was built out
of a series of subroutines that are available for you to use in creating
your own programs. As you may have seen, each section of the manual
describing the individual programs discussed the calculation sub-
routine(s) available for that particular program. This section of the
manual will discuss the structure of the programs in the Pac, describe
the general purpose, input, and 1/O subroutines, and illustrate how to
use these routines in your own programs.

Naming Conventions Used in the Pac

Each variable used in the Pac is given a name that corresponds to the
petroleum industry symbol for that variable. For example, the industry
symbol for gas formation volume factor is B, and the corresponding
Pac variable name is BG. For oil property variables, the name refers to
the property above the bubble point. Properties at or below the bubble
point have a “BP” or a “B,” respectively, on the end of this name.

The name of each program is the name of the variable being calculated
by the program. For the above example, the program that calculates gas
formation volume factor is called BG. Oil property programs have the
name of the variable above the bubble point.

The calculation subroutines are named by placing a “C” before the
name of the variable yvou want to calculate. The calculation subroutine
for the BG program is therefore called CEG.

The input subroutines have names corresponding to the variables that
are being input. For example, the subroutine to input standard
temperature (STD T) and standard pressure (STD P) is called STDTF.
Two exceptions to this convention occur when the input subroutine
would have the same name as that of a program. The exceptions are
resolved by placing an “I”" before the name of the input subroutine. TcPc
is the name of the Pseudocritical Temperature and Pressure From Gas
Gravity program, so the subroutine to input Tc and Pc is called ITcPc
(Input Tc and Pe). Similarly, RS is the Gas-Oil Ratio program, so the
subroutine to input RS is called IRS (Input RS).

The general purpose and [0 subroutines have names corresponding to
their function.

Block Structure

All the programs in the Pac are based on a two-block structure. The first
block is the control block. This block controls all the interaction between
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the user and the program by calling general purpose, input, and /0
subroutines. In addition, the control block controls which calculations
are performed by the program through calls to the second block, which
is the computation block.

The computation block is where all the calculations for the program are
performed. This block consists of calculation subroutines and calls to
calculation subroutines. However, the computation block never calls the
control block. This structure is illustrated below.

CONTROL BLOCK—ALL INTERACTION WITH THE USER

CALLS TO GENERAL PURPOSE SUBROUTINES
CALLS TO INPUT AND I/0 SUBROUTINES
CALLS TO COMPUTATION BLOCK

O

OMPUTATION BLOCK—ALL THE CALCULATIONS

—— CALCULATION SUBROUTINES
CALLS TO CALCULATION SUBROUTINES

|

Since the individual calculation subroutines are specific to a program,
instructions for their use are included in the sections for each individual
program. Additional details about all the calculation subroutines are in
Appendix B. There are, however, some points you should be aware of
when using calculation subroutines.

1. Calculation subroutines are named as described previously. Some
programs may have more than one calculation subroutine. Oil
calculations, for example, have subroutines for conditions above
and below the bubble point. Calculation subroutine names below
the bubble point are the name above the bubble point followed by a
“b”. Not all variables have calculation subroutines. Be sure to
consult the individual program sections of the manual and
Appendix A to get all the information you need to use the
calculation subroutines.

2. Calculation subroutines expect certain variables in the registers,
the stack, or both. The register contents are used by the subroutine,
but the registers used for input variables (10-44) are never
altered by the subroutine. Some registers (00-02, 05-07) are
designated by the Pac as scratch registers. Only these registers and
the stack are altered by the subroutine.

3. All values calculated by a calculation subroutine are returned to the
calling program in the stack only. When a calculated value is to be
stored in a register (such as GAS G, calculated by the Gas Properties
From Composition program), it is stored by the control block, not
the computation block.
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4.

Allinputs to a calculation subroutine, whether in registers or in the
stack, must be in Pac English default units. All values returned
in the stack by a calculation subroutine will be in Pac English
default units. (Since the default units for each value returned in
the stack are known, the ALPHA register will not contain the units
for those values. This is illustrated in Example 2 of the Water
Viscosity program.)

The status of certain flags is tested by calculation subroutines, but
the flag status is never altered by the subroutine.

Normally, subroutines in the Pac are called with an XROM, which is
a subroutine call to or within an eXternal ROM. However, all
calculation subroutines are called with an XEQ*. An XEQ always
searches for the subroutine in 41 program memory before looking at
any modules or peripherals. This allows you to calculate a
particular variable using a different technique than the one used in

the Pac.

For example, the dead oil viscosity calculation subroutine of the Oil
Viscosity program is based on the correlation developed by Beggs
and Robinson. The calculation subroutine is called CUOd (Calculate
UO for Dead Oil). If you prefer the correlation developed by Beal,
you can write a program starting with LBL CUOd that calculates
dead oil viscosity using that correlation. Then, when you run the UO
program, the subroutine you have placed in the 41 program memory
will be executed instead of the one in the Pac.

The General Purpose Subroutines

The general purpose subroutines simplify several often-done operations:
printing a title, checking that enough data registers exist to run the
program, and asking the user a question.

Note: Example program listings in the rest of this section are
shown with XROMs, as if the programs were entered with the
Petroleum Fluids Application Module plugged into a port of the
HP-41. For further information on XROMSs, refer to Section 11 of
the HP-41C/41CV Operating Manual: A Guide for the Experienced
User.

Also, the number of subroutine levels used by each subroutine
includes one level used by the calling program to call the
subroutine. This means that a subroutine needing 6 subroutine
levels could be called as a subroutine, but not from a subroutine.

*The machine language functions CZ and CCR are called with an XROM.

| O O O L O O O O OO L O L O R U
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TITLE (Print a Title)

The control block of every program in this Pac begins by calling the
TITLE subroutine. This subroutine prints a double-wide title for the
program if an optional printer is plugged into the 41, and checks to see if
the size is set correctly for the program. (The routine also sets flag 08—
see INK and OUTK).

The routine expects the program title (up to 12 characters) in the
ALPHA register, and the minimum number of data registers needed by
the program in X. The call to TITLE should be followed with the
instructions “FC?C 25 PROMPT”. Upon return, flag 25 will be clear if
the size is not set correctly, and the program will halt with the following
message in the display:

SIZE>—nnn

where nnn is the number of registers in X when TITLE was called. Be
aware that if TITLE is called from a subroutine, the function will
destroy the subroutine return stack. TITLE uses one subroutine level.

For example, the Z Factor program uses [ITLE to put up the
“Z FACTOR’ title and to check for the existence of 18 data registers.

@2 =2 FACTOR" Program title

83 18 Number of registers needed
84 XROM “TITLE"
85 FC2C 23

B FROKPT

Check for proper size

Y/N? (Ask a Yes/No Question)

It is frequently desirable to ask the user a question with two possible
answers, posed in a “yes or no’’ context. The common way to remember
the user’s response is by using a flag. The flag is set for a “yes”
response, and cleared for a “no” response. The ¥ /N? subroutine aids in
asking such questions.

The routine expects a six-character prompt in the ALPHA register, and
the number of the flag to be set or cleared in X. The following things are
done by the routine:

1. The characters “? Y/N:" are appended to the end of the prompt in
the ALPHA register. Then an additional character is appended
after the colon, depending on the current status of the flag. If the
flag is set (i.e., the prompt is currently true), the extra character will
be a “Y". If the flag is clear (i.e., the prompt is currently false), the
extra character will be a “N”.

2. ALPHA mode is turned on so the user can respond with Y or N, and
is turned off before returning to the point of call.
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3. The flag specified in X is set or cleared depending on the user’s
response. If the response was anything but the character “Y”, a
negative response is assumed. If there was no response, the current
status of the flag is retained.

4. Ifthere was a response, the routine prints the results of the question
(if an optional printer is plugged into the 41).

uses 1 subroutine level.

The flags used by a program or subroutine are listed in Appendix A, and
their meanings are listed in Appendix B.

The Gas Properties From Composition program illustrates the use of
. The program asks whether or not registers are to be cleared. Flag
07 is used to retain the decision.

19 =

12 “CLERE® Question to be asked

17 5
1 Flag number

14 XRONM "y N?"
15 26.844

16 FC? &7

17 G70 81

18 8

19¢+LEL 06

28 STO IND ¥ If answer was yes, do clear registers
2k 186 Y
22 GT0 @@
23+LBL B

If answer was no, don’t clear registers

Input Subroutines

Input subroutines simplify the process of prompting the user for the
different input variables used in the Pac. Like calculation subroutines,
input subroutines use the stack and the scratch registers listed in
Appendix A. All values returned in the stack by an input subroutine will
be in Pac English default units. (Since the default units for each value
returned in the stack are known, the ALPHA register will not contain
the units for those values.) The user will be prompted in either English
or ST units, depending on the status of flag 09.

The input subroutines are described below in the order that they appear

in the catalog ([ 2).
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COMP (Input Gas Composition)

This subroutine asks the user for mole percentages of 19 different
constituents of a natural gas (%WN2, %C02, WH2S, WMETH, %ETH,
%»PROP, %IBUT, %N-BUT, %IPEN, %N-PEN, %N-HEX, %N-HEP,
%N-OCT, %N-NON, %N-DEC, %02, %H2, %He, and %H20), and stores
them in registers 26-44. The total of the mole percentages (ATOT)isin X
when the routine returns.

This routine allows the user to skip the remainder of the input list by
pressing [l [E](assuming there is nothing assigned to that key). This is
illustrated in Example 1 of the Gas Properties From Composition
program. For this option to work, the 41 must be in USER mode. The
program calling CONMP should turn on USER mode by setting flag 27 (|8

[SF)27).

The calling sequence for this routine requires three program steps: a text
name (up to six characters), the call to the subroutine, and a global label
that matches the text name. You should select a label (and therefore a
name) that does not conflict with any other label that might be in the
calculator. The calling sequence used by the Gas Properties From
Composition program looks like this:

24 "HE" Name
25 KECH “COMP-
ZE#LBL "War Global label that matches name

Be aware that if COMP is called from a subroutine, the [ [E] option will
destroy the subroutine return stack. COMP uses 3 subroutine levels.

SOUR (Input Sour Gases)

This subroutine asks the user for mole percentages of nitrogen, carbon
dioxide, and hydrogen sulfide. N2 is stored in register 26, and %CO2 is
stored in register 27. %H2S is stored in register 28, and is in X when the
routine returns. SOUR uses 2 subroutine levels.

ITcPc (Input Te and Pc)

This subroutine asks the user for critical or pseudocritical temperature
in either R or K. Tcin R is stored in register 10. Then the routine asks the
user for critical or pseudocritical pressure in either PSI or KPA. Pc in
PSI is stored in register 11, and is in X when the routine returns. ITcPc
uses 3 subroutine levels.
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STDTP (Input STD T and STD P)

This subroutine asks the user for standard temperature in either F or C.
STD T in F is stored in register 22. Then the routine asks for standard
pressure in either PSI or KPA. STD P in PSl is stored in register 23, and
isin X when the routine returns. STDTP uses 4 subroutine levels.

If the previously stored value of STD T is O F (i.e., if the registers were
cleared) or ALPHA data, the routine will automatically replace that
value with 60 F before the STD T=? prompt appears. If the previously
stored value of STDP is 0PSI or ALPHA data, the routine will
automatically replace that value with 14.65 PSI before the STD P=?
prompt appears. There is further discussion of standard temperatures
and pressures in the Gas Formation Volume Factor program.

SEPTP (Input SEP T and SEP P)

This subroutine asks the user for separator temperature in either F or C.
SEP T in F is stored in register 24. Then the routine asks for separator
pressure in either PSI or KPA. SEP P in PSI is stored in register 25, and
isin X when the routine returns. SEPTP uses 4 subroutine levels.

SEP T and SEP P are used by the CGS subroutine to correct the gas
gravity for separator conditions. If you do not know these values, you
can eliminate the effect of the correction by using 0 F for SEP T or 114.7
PSI for SEP P.

Normally, separator pressures are given in gauge pressure units.
Consistent with all pressures in the Pac, the separator pressures keyed
in must be in absolute pressure units.

T(InputT)

This subroutine asks the user for temperature in either I or C. T in F is
stored in register 16, and is in X when the routine returns. T uses 3
subroutine levels.

P (Input P)

This subroutine asks the user for pressure in either PSI or KPA. P in PSI
is stored in register 17, and is in X when the routine returns. Then the
routine will compute TR and PR and return with TR inZ, PRin Y, and P
in X. If registers 10 (Te) or 11 (Pc) contain values that would cause the
computation of TR or PR to give an error (such as zero or ALPHA data),
TR and PR will not be computed, but the value of P will still be returned
to X. P uses 4 subroutine levels.

GASG (Input GAS G or MW)

This subroutine asks the user for gas gravity. If the user enters a
number and presses [R/S], GAS G is stored in register 15. If the user
presses with no data input, the routine asks for molecular weight.
If MW is input, it is converted to GAS G and stored in register 15. GAS G

(R (O O {0

F



100 4 4 4 4§ 4

General Purpose, Input, and 1/0 Subroutines for Programmers 129

is in X when the routine returns. If register 15 contained ALPHA data,
and there was no data input, the routine will automatically replace that
value with 1 before returning to the calling program. GASG uses 3
subroutine levels.

OILG (Input OIL G)

This subroutine asks the user for oil gravity in either API or KG/MS3.
OIL G in API is stored in register 12, and is in X when the routine
returns. OILG uses 3 subroutine levels.

IRS (Input RS)

This subroutine asks the user for gas-oil ratio in either SCF/BBL or
SCM/M3. RS in SCF/BBL is stored in register 13, and is in X when the
routine returns. |IRS uses 3 subroutine levels.

RS (Input RSI)

This subroutine asks the user for initial gas-oil ratio in either SCF/BBL
or SCM/M3. RSI in SCF/BBL is stored in register 13, and is in X when
the routine returns. RS| uses 3 subroutine levels.

Notice that RS and RSI are both stored in the same register.
%NACL (Input %NACL or PPM)

This subroutine asks the user for weight percent sodium chloride. If the
user enters a number and presses [R/S], WNACL is stored in register 19.
If the user presses with no data input, the routine asks for parts per
million. If PPM is input, it is converted to %WNACL and stored in register
19. %WNACL is in X when the routine returns. If register 19 contained
ALPHA data, and there was no data input, the routine will
automatically replace that value with 1 before returning to the calling
program. %NACL uses 3 subroutine levels.

Notice that PPM is a variable name, and not a unit. PPM cannot be put

in a unit equation for use with or [INCON].
%POR (Input %POR)

This subroutine asks the user for percent porosity. %POR is stored in
register 18, and is in X when the routine returns. %POR uses 2 subroutine
levels.

1/0 Subroutines

[/0 subroutines simplify the operations needed to prompt for, store,
display, and output variables and their units, both with and without an
optional printer. In fact, as you will see, the input routines just described
were created by calling the /O routines.

Four of the I/O subroutines involve the use of units. In the discussions
of these routines (INU, INK, OUTU, OUTK) it is assumed that you have
read and understood The Petroleum Engineering Unit Management
System.
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IN (Input)

This subroutine is used to input and store variables that have no units
associated with them (e.g., GAS G, WMETH, etc.). The routine prompts
the user for data input. If the user enters a number and presses [R/S],
flag 22 is set, the new value is stored, and, if an optional printer is
present, the value is printed. If the user presses [R/S] with no data input,
flag 22 is cleared, and the original value of the requested variable is
retained. Upon return, the variable will be in X. When the prompt
appears for that input, the user can examine the current value of that
variable by pressing [«].

IN requires a six-character variable name in the ALPHA register, and a
pointer in register 00 that tells where (which data register) the valueis to
be stored. The value of the pointer must be one less than the number of
the register where you want the variable to be stored. For example, to
store an input in register 14, register 00 must contain 13 before calling
the routine. IN uses 1 subroutine level.

The example below from the Total Isothermal Compressibility program
shows how %SO and %SW are stored in registers 20 and 21 using IN.
Notice that once the pointer is stored in register 00, it is automatically
incremented by the subroutine. This allows the calling program to store
successive inputs in sequentially numbered registers without resetting
the pointer.

2119 Pointer to register 20

22 570 @a

23 xsl7 Name

24 XROM “IN”

25 Su5W°

26 EROB "IM® 7,SW will be stored in register 21

INU (Input with Units)

This subroutine is used to input and store variables that have units
associated with them (e.g., STD T, OIL G, etc.). The routine prompts the
user for data input. When the prompt appears, either English or SI
default units will be in the ALPHA register, depending on the status of
flag 09. If the user enters a number and presses [R/S], flag 22 is set, the
new value is converted to English default units and stored, and, if an
optional printer is present, the value and its units are printed. If the user
presses with no data input, flag 22 is cleared, and the original
value of the requested variable is retained.

Similarly, if the user presses [ALPHA], enters new units, and presses
[R/S], flag 23 is set, the value is converted to English default units and
stored, and the value and its units are printed. If the value could not be
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converted to English default units (for example, if the prompt was for
pressure and the units supplied by the user were for viscosity), a prompt
with the erroneous units will be displayed until a correct set of units
have been input. If the user presses with no ALPHA input, flag 23
is cleared, and the original value of the requested variable is retained.

The value in X will also be converted to English default units, stored,
and printed if both a number was input and the units were changed. The
original value of the requested variable will be retained (but not printed)
if the user presses with no data or ALPHA input.

Before calling INU, a six-character variable name must be in ALPHA,
and a pointer must be in register 00, as described for |N. Also the English
default units for the variable must be stored in registers 01 and 02. The
first six characters of the units must be stored in register 01, and the last
six characters of the units must be stored in register 02. The SI default
units for the variable must be stored in Y and Z (the first six characters
in Y, and the last six characters in Z).

Upon return, the value of the input variable in English default units will
be in X, and the units that were entered by the user will be in Y and Z
(the first six characters will bein Y, and the last six characters will be in
Z). This is illustrated in Example 3 of the Oil Viscosity program.

Upon return, the English default units will still be in registers 01 and 02.
This means that to input successive values with the same units, you
only need to place the SI default units in Y and Z prior to calling INU.
Also, the pointer in register 00 will be automatically incremented, as it
was for IN. INU uses 2 subroutine levels.

The oil gravity input routine ( ) uses to input OIL G in either
API or KG/M3 and store it in register 12.

e

g 11 Pointer to register 12

itl 570 @@

{62 "AFI"

163 ASTO0 81 Store English default units in registers 01
1&4 CLA and 02

165 ASTC 82

166 ASTO 2

167 "KG/N3" Store SI default unitsin Y and Z
168 RSTO ¥

169 *0it G- Name

178 HROM "IKU"

Notice that one step is saved by using the sequence “CLA ASTO 02
ASTO Z KG/M3 ASTO Y” instead of “CLA ASTO 02 KG/M3 ASTO Y
CLA ASTO Z”.
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INK (Input with Known Units)

This subroutine is also used to input and store variables that have units
associated with them. As just described, INU takes either English default
units from registers 01 and 02, or SI default units from Y and Z,
depending on the status of flag 09. INK does the same thing on the first
pass through a program only. On subsequent passes through a
program, INK always takes units from Y and Z regardless of the status of
flag 09.

The advantage of using INK is that the calling program can save the
units that the user entered. Because the units were saved, the user will
not have to reenter the units every time the prompt appears for that
variable. This is particularly useful when several inputs may have the
same units. The disadvantages of using INK are increased program
length to save the user’s units, and an additional two data registers

required per variable to store the units.

On the first pass through a program, it is not known what units the user
wants. INK will use either English or SI default units, depending on the
status of flag 09. When the routine returns, the variable in English
default units will be in X, and the units that were entered by the user will
bein Y and Z (the first six characters in Y, and the last six characters in

7).

The calling program must save these units. When this prompt is reached
again, the program must place the saved units in Y and Z (the first six
charactersin Y, and the last six characters in Z). Now INK can prompt in
the user’s units instead of the default units.

The way INK distinguishes between the first pass through a program
and subsequent passes is by flag 08. If flag 08 is set, it is the first pass. If
flag 08 is clear, it is another pass. Flag 08 is set by the TITLE routine, but
must be cleared by the program using INK.

Before calling INK, a six-character variable name must be in ALPHA,
and a pointer must be in register 00, as described for IN. On every pass
through the program, English default units must be in registers 01 and
02 as described for INU. On the first pass through the program, SI
default units must bein Y and Z, and on subsequent passes through the
program, the user’s known input units must be in Y and Z. INK uses 2
subroutine levels.

The following example illustrates the use of INK to input “PRESS” and
store it in register 11. The example assumes that flag 08 was set by
calling TITLE at the beginning of the program. The units that were
entered by the user will be saved in registers 03 and 04, although almost
any two registers could have been used (see the Notes About the 1/0
Subroutines).
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Notice that early in the example, SI default units are saved in registers
03 and 04 so that on the first pass, the user will be prompted with either
English or SI default units. Also notice that flag 08 is cleared after the
first pass through the example.

a7 "KpPa"

A8 ASTO 82 Store SI default units in registers 03 and 04
89 CLA on 1st pass only

18 ASTO B4

11+iBL 68

12 "P51"

13 RSTO a1 Store English default units in registers 01
14 CLA and 02 on all passes

15 ASTD 82

16 RCL a4 Last six chars. of units putin 7, Istsixin Y
17 RCL &3 (these are SI units on 1st pass)

18 18 Pointer to register 11

19 570 @@

28 "PRESS" Name

21 XEOM " IHK-

22 RDK .

= o3 Units entered by user returned to Y and Z
23 570 &3 . . . ..
24 RIN Sto're 1st six chars. in register 03, last six in
26 570 B4 register 04

26 CF B8 No longer 1st pass

27 GTG 88 Loop for next input

OUT (Output)

This subroutine is used to output variables that have no units associated
with them (e.g., GAS GS, BO, etc.). The routine requires a six-character
variable name in ALPHA, and the value of the output variablein X. OUT
uses 2 subroutine levels.

As an example, GAS GS is output using the OUT subroutine.

Calculate GAS GS; value returned to X
Name

37 KROM ~0UT"

(4 ¢
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OUTU (Output with Units)

This subroutine is used to output variables that have units associated
with them (e.g., Tc, RSb, etc.). Before calling OUTU, a six-character
variable name must be in ALPHA, and the value of the output variable
in English default units must be in X. The English default units must be
stored in registers 01 and 02, and the SI default units must be stored in Y
and Z, as described for INU.

Upon return, the value of the output variable in English default units
will be in X, and the units that were entered by the user will bein Y and
7, as described for INU. Unlike INU, however, the English default units
will not be in registers 01 and 02. Therefore, to output successive values
with the same units, you must place the English default units in
registers 01 and 02 as well as the SI default units in Y and Z prior to

calling OUTU. OUTU uses 2 subroutine levels.
Here is an example using OUTU to output BG.
46 ®ROM -CBG¢ Calculate BG; value returned to X
41 T3S0k
42 ASTO 81 Store English default units in registers 01
43 RSHF and 02
44 RSTC &2
4% "H3FSCE"
.o ?“TU 4 Store SI default unitsin Y and Z
i LLE
45 RSTG 2
49 “BG- Name
58 AROW -QUTU"

OUTK (Output with Known Units)

This subroutine is also used to output variables that have units
associated with them. OUTK bears the same relationship to OUTU that
INK does to INU. On the first pass through a program, OUTK takes either
English default units from registers 01 and 02, or SI default units from Y
and Z, depending on the status of flag 09. On subsequent passes through
a program, the units are always taken from Y and Z regardless of the
status of flag 09.

The same techniques for using INK apply to OUTK, including the use of
flag 08. The programs in the Pac use OUTK to save the user’s output
units, and the units are saved in registers 03 and 04. (Since only two
registers are used, only one set of output units can be saved. This is why
only the units for the primary output variable of a Pac program are
saved, and why the output units for Tc, Pe, and CWA are not saved by
the Pseudocritical Temperature and Pressure From Gas Gravity or Gas
Properties From Composition programs.)

0O O L L L O O (O O O {4
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Before calling OUTK, a six-character variable name must be in ALPHA,
and the value of the output variable in English default units must be in
X. On every pass through the program, the English default units must
be in registers 01 and 02. On the first pass through the program, SI
default units for the output variable must be in Y and Z, and on
subsequent passes through the program, the user’s known output units
must bein Y and Z.

Upon return, the value of the output variable in English default units
will be in X, and the units that were entered by the user will bein Y and
Z, as described for INK. As described for OUTU, the English default units
will not be in registers 01 and 02. OUTK uses 2 subroutine levels.

The following example illustrates the use of this routine to output
“PRESS”. As in the example for INK, it is assumed that flag 08 was set
earlier in the program.

34 "KFR*

35 R570 @3 Store SI default units in registers 03 and 04
36 CLR on st pass only

37 ASTO B4

J8¢LEL Bl

39 XEQ °CPRESS® Calculate PRESS; value returned to X

iij ﬂz;é i Store English default units in registers 01
42 CLA and 02 on all passes

42 RSTO 82

44 RCL 74 Last six chars. of units putin Z, 1st sixin Y
45 RCL 83 (these are SI units on 1st pass)

46 RCL 2 Get value back in X

47 "PRESS: Name

43 XROM "0UTK"

49 RIN .

58 ST0 83 Units entered by user returned to Y and Z
s1 RDN Store 1st six chars. in register 03, last six in
3 210 B4 register 04

33 CF @& No longer 1st pass

54 GT0 81 Loop for next output

Notes About the I1/0 Subroutines

If you want to save program space when writing your own programs
using [NU, INK, OUTU, and OUTK, you can eliminate placing the SI
default units in Y and Z. If you do this, however, flag 09 must be clear
for the I/0O routines to function properly, and you will lose the benefit of
the SI option for those programs.
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The I/0 subroutines use registers 00-02 and 05. The Pac uses registers 03
and 04 for known output units (see OUTK), Because of this, you should

not store any input or output variables in registers 00-05.

Remember that whenever INU, INK, OUTU, and OUTK return, the number
in X will always be in English default units, and the units entered by
the user will always be in Y and Z. (Since the default units for the
number in X are known, the ALPHA register will not contain those

units.)

Tables 6 and 7 summarize how to call the I/0 subroutines and what is

returned by them.

Table 6: How to Call |/0O Subroutines

General Purpose, Input, and | /O Subroutines for Programmers

IN INU INK INK | ouT ouTU OUTK OUTK
pass 1 pass >1 | pass 1 pass > 1
z sI sl User's . osl ] User's
NR default = default known NR | default | default known
Y | units units units i units units units
value value value
X NR NR NR NR value | (Eng. (Eng. (Eng.
| units) units) units)
ROO pointer | pointer | pointer pointer NR NR NR NR
RO1 English = English | English English | English English
NR default = default default NR  default | default default
RO2 | units units units 1 units units units
FO8 NR NR set clear NR NR NR NR
ALPHA Name Name Name Name Name  Name Name Name
|
NR = nothing required
Table 7: What Is Returned by 1/0 Subroutines
T |
IN | INU INK INK | our | outy | OUTK | OUTK
pass1 | pass >1 pass1 | pass >1
z null Units Units Units null Units Units units
data entered entered entered data | entered | entered entered
Y | byuser by user by user by user | by user by user
value value value value value value
X value {Eng. (Eng. (Eng | value (Eng. (Eng. (Eng.
units) units) units) units) units) units)
ROO VC +1 VC +1 VC +1 VC +1 NU NU NU NU
RO1 English = English English
vC default = default default NU NU NU NU
RO2 units units units
FO8 Ve e e e Ve Ve ve Ve
ALPHA NU NU NU NU NU | NU NU

NU

VC = value when the subroutine is called
NU = not usable

| S O O O O o O O
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Number of Characters Allowed for English Default Units

The English default units for your variables must be no more than 11
characters long. INU, INK, OUTU, and OUTK perform automatic unit
conversions by building up a unit equation in the ALPHA register to
convert the user’s units to English default units (see the Using [CON]and
section of The Petroleum Engineering Unit Management
System). When the unit equation is created, it could have as many as 12
characters entered by the user, a dash, and 11 characters from the
English default units—24 characters total, the limit of the ALPHA
register. (Units up to 12 characters long are allowed for the user because
two data registers holding six characters each are used to store them.) If
your English default units are 12 characters long, the units entered by
the user must be limited to 11 characters.

Developing a Program Using Pac Subroutines

Now that you understand how these routines function, you can combine
them into useful programs. The individual sections on each program,
General Purpose, Input, and I/0 Subroutines for Programmers, and
Appendices A and B are used extensively to determine which
subroutines to use, what size is needed, what variables must be input,
where they are stored, what must be in the stack when the routines are
called, what is in the stack when the routines return, which scratch
registers are available, and which flags must be considered.

To illustrate the process of combining the Pac subroutines into other
programs, the following example will be used. A program will be written
to output values of Z, BG, and UG as a function of pressure. In addition
to the fluid property variables, the user will input a starting pressure, a
pressure increment, and the desired number of increments.

First, let’s examine the inputs. Below is a table that summarizes the
fluid property variables used by the 7, BG, and UG programs.

| Tc | Pc | STDT | STDP | GASG | T p_J
z Y | Y — -~ — Y Y
BG | Y | Y Y Y — vy |y

UG | Y | Y | — - | ¥ \ e
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We can see that the required fluid property variables for the example are
Te, Pe, STD T, STD P, GAS G, T, and P. To input these values will
require |TcPc (Input Te and Pe), STOTP (Input STD T and STD P), GASG
(Input GAS G or MW), T (Input T), and P (Input P).

We also need to input the pressure increment (P INC) and the number of
increments (NO INC). Since registers 08 and 09 are never used by any
programs in the Pac, we will store P INC in 08 and NO INC in 09. The
pressure increment has units, so we will use INU to input and store
P INC. Since the number of increments is dimensionless, we will use N
to input and store NO INC.

Next, let’s examine the calculation subroutines. We want to calculate Z,
BG, and UG. The subroutines needed are C7 (Calculate Z), CBG
(Calculate BG), and CUG (Calculate UG). All three calculation
subroutines need TR in Y and PR in X when they are called, and return
Z, BG in FT3/SCF, and UG in CP, respectively, to X. Scratch registers
00 and 05 are used by CUC, and no flags are used.

Now let’s consider the outputs. We will use OUT to output the
dimensionless Z factor. OUTU will be used to output BG and UG, since
both have units associated with them.

Finally, let’'s examine the general purpose subroutines. The only one
needed is TITLE (Print a Title). The highest number register needed for
the input variables is 23, used to store STD P. Therefore, size 024 is
required. Y /N7 (Ask a Yes/No Question) is not needed because no flags
are tested by any of the calculation subroutines.

A | OO | O T L O L O O L L L L L ) L ) ||
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The completed program is shown below.

B14LBL *Z6U"

82 "Z BG UG

83 29

B4 XROM "TITLE"

85 FC2C 25

96 PRONPT )
07 XROM *ITcPc"

88 XROM "STDTP

F

89 XROM "GASG"

18 XRON T~ J
11+LBL G@

12 %ROM P

17 7

14 ST0 96

15 "KPA®

16 ASTO ¥

17 CLA

13 RSTO 2

19 P NG

20 XRON * IHU"

21 *NO INC"

22 XROK * "

23 ADY

24eLBL 91

25 RCL 17 \
26 "PSI”

27 RSTD 6l

28 CLA

29 Q5T 82

38 ASTO Z (
3t kPR
32 ASTO ¥

2

a9

24 AROM DUTL" Y,
35 XEQ 82

36 L2

o S

38 KROM -GUT-
39 KE 82

48 XROM “CEG™

>

Initialize

Input fluid property variables

Starting pressure

Input P INC and store in register 08
English default units for P INC already in
registers 01 and 02 after “XROM P”

Input NO INC and store in register 09

Space for readability

Output current P

Calculate TR and PR
Calculate Z

Output Z

Calculate TR and PR
Calculate BG
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41 "FT3/5CF" 3

42 ASTO A1

43 ASHF

44 ASTO B2

ﬁ “H3/5CH > Output BG

4& RASTO ¥

47 CLA

45 ASTC 2

49 "pC-

38 XROM “DUTU" /

21 HEE 82 Calculate TR and PR
52 XROW -CUG- Calculate UG

53 “CP* )

a4 fASTO 81

93 CLA

36 ASTO 82

57 RSTO £ > Output UG

58 "FR#5"

39 4810 ¥

68 “lge

&1 EROM -QUTH" }

62 ADY Space for readability
£3 RCL 88 Get PINC

64 ST+ i7 New P =o0ld P + PINC
3 DSE &3 Count down NO INC
&6 GTO B1 If NO INC >0, loop back and do again
&7 GTG 82 If NO INC =0, prompt for new starting P
bE+LBL B2 Calculate TR and PR
k% RCL 16 T

78 "F-R

71 COH

Ve RCL 1a Tc

Pl s TR

74 RCL 17 P

79 RCL i Pc

76 s PR

77 END

N O O O O O O O O T
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Try this program for a gas at 300 F with a Tc of 383 R and a Pc of 45.4
ATM. The gas gravity is 0.74 and the standard conditions are 14.65 PSI
and 60 F. Start at a pressure of 500 PSI, and generate a table of Z, BG,
and UG every 500 PSI. The values that are calculated at the first four
pressures are shown below.
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Summary of Labels Used in the Pac

Table & lists all the labels in the Pac by category (program or subroutine,
and type of subroutine). The order of the entries in each category is the

order that they appear in the catalog ([l 2).

Table 8: Summary of Labels Used in the Pac

Subroutines Unit |Internal
Program 2
Calculation General | Input | 1/0 | Mgmt.| Use**
z CCG CBW | TITLE COMP | IN CON WO
CG CBG CUW | Y/N? SOUR | OUTK | INCON| W1
BG CUG CPSAT ITcPc | OUTU W2
UG CTcPc  CCFR STDTP | OUT W3
TcPc | CCWA  CRSb SEPTP | INK w4
PROP | CGASG CPBP T INU W5
co CTPC CBTb P W6
BO CHV CRSW | GASG w7
uo ccK cct | OILG w8
cwW CCOb  CCTb IRS W9
BW cco cz RSI X0
uw CGS CCR %NACL X1
CFR CBOb %POR X2
RS CBO 5 X3
. PBP | CBT ‘ X4
| BT | CuOd X5
RSW | CUOb | X6
cT | cuo 5 g X7
| ccw i i X8
l l | l

**These labels are for internal use by the programs in the Pac.

T TN YT T MU ¥ T #1 £ L O O L L L L L L L L T | O
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PROGRAM LISTINGS AND FLOWCHARTS

ZFACTOR

gielbl v/

"Z FACTOR" 12
“ROH 25
PROMPT #ROM “ITcPc®
AROM “T*

G3¢LBL A4

AROM P= - RDH - L2
Fsrig OOy 2

ARQE ~OUT" ADV CF 83
GTO 88 ENED

GASISOTHERMAL
COMPRESSIBILITY

BLeLBL 5
“GRS 130 CHF* 1
YROK “TITLE" FC20 25

O
o

PROMPT *1/KPR™ RSTC B2

CLR ASTO &4
RROK "ITcPo®  AROM °T¢

13+LEBL @&

XROH "P* RDN XEG "CCG*
"CG" XROM "AZ* HIY
aT0 aa

el4lBL LG
EER RBE: F122 END

Initialize

Input variables

Input P
Calculate and output Z

Loop back for new P

Initialize

Store SI default units for CG in registers 03
and 04
Input variables

Input P
Calculate and output CG
Loop back for new P

Calculate CG

143
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GASFORMATION VOLUME FACTOR

BI#LEL "BG"

"GAS YOL FACT 24 Initialize

AROM =TITLE" FC?C 25

PROMFT “M3/5CM- Store SI default units for BG in registers 03
ASTC @3 CLR ASTO A4 and 04

#ROH “ITcFe" Input variables

#ROM “STOTP®  XROM =T~

14¢LEL 86

#ROM "P* RDN XEG "CEG" InputP
BRI XRON i Oy Calculate and output BG
GT0 Aa Loop back for new P

ZZLBL "CBG*

€2 (LAGTK PEE 1T #

REL- 16 *F-R* - CON # Calculate BG
REE- 23 = REL 72 (N

- FND

MTHHnnnnonnnnmnmnnonnonnonnonrnnnnmnr
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GAS VISCOSITY

Al+LBL UG-

SGHS VIST 1B
AROM -TITLE" FLIC 25
PROMPT “PR#5= 8570 83
CLR ASTO 84
SROM "ITcPc-
AROH "GRASG"  X¥ROM -T¢

14+LBL #a
XROK “P- RDN XEQ “CUG*
*UG" XROH "X3- ADY
470 @B

casibl “Clc-
B ofL 16 "F-R" (O
STO 86 * RCL 17 RO
c s @ o ROl 15
28,94 + ST0 @5 =
LASTZ 188 - 986

ReL A0 7 .+ 0.5 4+
510 Z° -5 2.4 +
s + Et5 RCL 86
SORT 3 Y40 1 F4

PEb e 54 2 0
RCL-85 19 '+ 283
RCL B2 + -+ % ENI

Program Listings and Flowcharts 145

Initialize

Store SI default units for UG in registers 03
and 04

Input variables

Input P
Calculate and output UG
Loop back for new P

Calculate UG
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PSEUDOCRITICAL TEMPERATURE AND PRESSURE FROM
GAS GRAVITY

BleLBL “TcPc”

R e g Initialize

AR CLITLET FOL 25

PROMPT “COMD" 35 Flag 05: Condensate fluid or miscellaneous
XKROM “¥ NP gas

1G+LBL 86

YROM "GASG" XEOM "SOUE"  Input GAS G and sour gases
HEG “CTcPc® FS? B8 ADIY  Calculate and output Te, Pc, CWA, Tex, and
XROM "¥B" ALY CF 8% Pex

GTO 08 Loop back for new GAS G and sour gases

ZBeLBL "CTcPer Calculate Tc and Pe
RCL 15 188 * S5T2 @4

LRASTX REL 26 RCL 27+

2E 28+ - 570 8]

FCL 88 PRCL 26 .9672 * Calculate GAS Gy
= RCk A2 15195 % -

Rl 23 '1.1765 % -

X{xY / 570 P8 FS7 85

OT0:81 325 RCL 8¢

125 %.- RCL 88 » Calculate Tcye and Peye for miscellaneous
168 + 15 RCL 8@ 37.5 gases

* - RCL BA * 677 +

GTo 82

7a+LBL 81

338 RCL @B 71.0 * -

REL. BB = 187 + 785 Calculate Teye and Pey for condensate
RCL 88 11,1 = 51,7 + fluids

RCL B8 * -

89+LBL AZ
RCL 81 5T« Z =* RCL 26
893 & + RCL 27 16871
* + RCL 28 1386 * +
AT RCL 26 227.3
+ RCL 27 547.6 *
RCL 28 672.4 * ¢+
XY leg ST~ 2 7/
STO @8 X<{>Y STC 85

*
+ Calculate Tc and Pc from Tepe and Pepe

| O O
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ReoY BCL 27 RCL 28 +
X=87? GT0 15 XEQ@ 15 If CO2 or H2S present, calculate CWA
XEQ “CCWA" RTH If not, return

134¢LBL "CCWA"

ST0 88 X<{>Y STD 85 Calculate CWA, Tcx, and Pex
RCL 27 RCL 29 + 1@8

Z GRCE % .9 Y2 NGO
1.6 Y48 - 8 «

RCL 28 188 ~ SGRT
LASTE #12 X312 =

15 * 510891 - RCL &4
* | RCL 28 (@@ 7 -
LASTE * RCL 81 =

RCL 85 + ~+ RCL 85

RCL 81 - XOY RCL @l

T: Te
184¢LBL 135 Z: Tex Z:Pc
ST0 L CLX RCL @85 Y:Pex — Y:Toex*
RCL 8@ RDN RDN END X:CWA X: Pex

L:CWA

147
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GAS PROPERTIES FROM COMPOSITION

BI¢LEL "PROF"

"GAS PROP- 43

SROW = TITLE" ECC 25
PROMPT = 5F 27 i-5CH"
RETD B3 CLA RETD 84

*CLEHR"" 7 XROM =Y R2"
26.844 FC? 87 GTO @i
i

[9¢LEL B8
STO IND Y ISE ¥ 470
23+LEL 81

"KB"  KROM “COMP-

264LBL "HE"
ADY “XTOT*  XRON "OUT*
XEQ "CGRSG™  5TO 15
"GRS G AROM "OUT"
YEQ "CTPC*  XROK 8"
YEQ "CHY" STD 67 DN
ST0 66 RDN  “HHY"
XROM "K4" RCL 66

"GRYD"  HECM 24"

REL 87  "GHVK"

ARON "“k4" . ADY  =SP.HTS"
4 KROM =YsH?" FC? 04
GTO 81 5F 82 “KJ/ZKG#K"
ASTO B3 ASHF ASTO A4
BB+LEL a2

IROM "7 XEQ “CTE-

5T0 @7 RDN STC 86 RDW
"CP' XROM "XS* RCi 86

“EY" aROH "X5* RCL 67
"K"  RROM “0uT" ALY

4G 82

774LBL “COMP
ASTO 86 XRON "50UR"
“WMETH®  XROM " IN-
"WETH"  XROM "IH"

(o]
]

Initialize

Store SI default units for NHV, GHVD, and
GHVW in registers 03 and 04

Flag 07: Clear constituent registers or leave
unchanged

Loop to clear registers

LBL W0 is where “COMP” will return to

Output %TOT

Calculate and output GAS G, Tc, Pe, CWA,
Tex, Pex, NHV, GHVD, and GHVW

Flag 04: Calculate CP, CV, and K or loop
back to input new composition

If flag 04 set, store SI default units for CP
and CV in registers 03 and 04

If flag 04 set, input T
Calculate and output CP, CV, and K

Loop back for new T

Save return “address” (W0) in register 06

LTL IR R R L TEL R TEL R LR LT

LT

4
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sarRde XROE 1N

"%IBUT"" XROM “IN"

"iH-BUT-  XROM "IN
sZIEEN" - XROM ~IN-

TZN-PEH® - KROM “IN*
"%N-HER" XROM *IN"
"XN-HEP" HROM -IH-
“EN-OCT"  2ROM “IN®
"%N-HOH™  AROM " IH"
"XN-DEC" XROM “IN*

il LI et iy

ZROR "IN"  "ZHe"
AROM "IH® "ZH20"
ZROM "IN GTO &3

113¢LBL "S0UR"

23 57O B8 “Ek2®
ARON ~IN-  =zCO2°
AROE "IH"  cRH25T

F214LBL N
ROFF ASTO BS CF 22

156 88 CLDI RCL IND @@
sheds o BR Pl RN R

FS? 35 SFE 21  ST0F
AOFF CLA ASTO Y
ASTO 2 57 22 GIOBS
CLx RCL IND B2 CF 21
F52 55 5k 21 RIN

47+LEBL «
Fi? 22 ZEQ 85

{5EeLBL 83
26.844 ENTERt @

154+1BL B4
ROL IND Y = IS0 ¥
GTO B4 GTG IND #e

{c@eLBL 85

AGFF S5TO IND @@ Ir 21
EL2 95 BTN 'CIA

ARCL B3 “-F= ARCL &

Program Listings and Flowcharts

Input composition

Go calculate %TOT

Input sour gases

“IN”I/0 subroutine—see flowchart

[ [E]option

If data input, store it

Calculate %TOT
Return to calling program

More of “IN”

149



150 Program Listings and Flowcharts

122
INITIALIZE

127

IN

PUT EXISTING
VALUE IN X

{

BUILD PROMPT]
& DISPLAY IT

!

CLEAR ALPHA
FORNO UNITS

{

STOP FOR
INPUT

Y

PUTNULL
UNITSINY & Z

128

131

134

136

PUT EXISTING
VALUE IN X

146
RETURN
162

STORE NEW
VALUE

{

164

IS
THERE A
PRINTER

RETURN

166 BUILD
RESPONSE
& PRINTIT

172
RETURN

Note: Small numbers are the line numbers in the program listing.

R O O O O O O O O
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GAS PROPERTIES FROM COMPOSITION (cont.)

3F 21 PRR RTH

173¢LBL "CGASG"

25 STO @@ CLST .9672
HREN "H3"  1.519%

SROM W3- 1.1765
SROM-"H3" 9535

XROM W3- 1.8352

SR "M3" 1.522%

¥ROM W3- 2.8863

XRON "W3® 2.8862

XROM "W3~ Z2.4911 Calculate GAS G
AROM “H3* 2.4911

aRON 37 2 9757

XROK ~HI~ 3.4596

EROM W3+ 3.9439

¥ROK "K3~ 4.4232

SROM ~N3* 4.9125

HROM ~W3- 1.1843

XROM "W3" .86%%6

XROM “N3* 138

XRON "3 .627

XROM W3- 88 s RTH

218¢LBL “CTFC"

25510 89 CLS5T 2273
ENTERT 493 XROM “Hi"
547.6 EMTERt ie71

XROM "Wi* &72.4 ENTERt
1306 XROM "W1- 343,84
ENTERt 667.8 XROM ~Wl"
549.76 ENTERT 7@7.3 Calculate Tc and Pc
AROM “Hi- 663.88

ENTERt &16.3 XROM "Ki-
734,65 ENJERT  529,1
SROM “W1- ?765.32

ENTERT - 558.7 ¥ROM "MW1®
878,77 ENTERt  d498.4
ZROM “Wi* 845.4 ENTERt
486.6 XFOM "1 913.4

1561
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GAS PROPERTIES FROM COMPOSITION (cont.)

ENTERt 436.7 XROM "N1-
972.5 . ENTERT .3%6.8
XROM “W1™ 1823.89
ENTERt 368.6 XROKM "Hl"
1870.35 ENTERt 332
XROM "Wi1- 1111.8

ENTERt 384 XROM “HL"
278.6 -EHTER? . 736.2
XROM "H1° ' 55.9 ENTER?
188.1 XROM "Wi= 5.3
ENTERT 33.2 XROKM “ki®
1165.3 ENTERt 3282
AROM “H1° ‘188 35T/ 7
RCL 27 RCL 28 + ¥e@?
GTo 86 + Rt RCL ¥

RTH

I1a+LBL 25
RO XEG "CCWA" ETH

J14¢LBL "hi"

I5C 88 CLD STO L CL¥
RCL IND 86 ST+ | ST+ Y
EDH 5T+ £ RDN LASTH

+ RTH

328¢4LEL "CHY"

27 570 B8 CLST 588
ENTERt 637 KRON “H1"
999.1 ENTERt 188R3.7
AROM "W1" 1617.%
ENTERt 1768.3

AROM -Wl= 2316.1
ENTERT 2517.4

4ROM "W1- 3@8i.!
ENTERT 3252.7
YROH "Wi- 3818,
ENTERT J262.1
AROM "Wl 36938.3
EHTERT 4@@a.3
XROM Wi 3797.3
EHTER? 4883.5
ZROM "W1 4483.7

i

Calculate Tc and Pc

If CO2 or H2S present, calculate CWA

If not, return

Calculate CWA
T: yiF;

Y: SyiFi +yiviFin
X:Gig X: 2yiGityi1Gin

F=Tcor NHV, G =Pcor GHVD

No heating values for N2 and CO2

Calculate NHV and GHVD

) N O O

r
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ENTERt 4736.1
HROM "Wi~ Siea,
ENTERt 5562.9
XROM "Wl 5796.7
ENTERt 6249.7

XROM “WI" 6493.2
ENTERT 6996.¢

AROM "HI® F188.¢
ENTERT 7742.3

¥ROM "Wi* ISG B8 CLD
£74 ENTERt 324

ra

%ROM =Wi- 188 S5T- 7 «

RCL & .982c * RTH

J97+LBL "CCK"

23 STO @8 RCL 16

"F-R* CON XE@ 87 5.87
ENTERt .#@E55¢

XRON "W2* 7.1€ ENTERt
JH0133 XROM W2 5.343
ENTERT .B@6RIZ

AROM "R2 3.782 ENTERt
81647 XROM -"W2* 3.324
ERTERt .A2662

XROM "WZ2= 3.857 ENTERt
83593 XROM -N2* 5.184
ENTERt .833%7

%ROM W2~ 4.667 ENTERt
B4417  XROM “HZ"  5.256
ENTER? .B4197

¥ROM "WZ* £.972 ENTERt
85865 XROM -W2- §.827
ENTERt .85333

ZROM "W2* 9.13 EHWTER?Y
JBBRE53  XROM "H2"

18.23 ENTERt .8749
AROM "W2- 11.4 ENTER?
.B83027 XROH "W2" 6.545
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No heating values for 02, He, and H20

Calculate GHVW

Special case for N2

Calculate CP
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GAS PROPERTIES FROM COMPOSITION (cont.)

ENTERt 3853 E-7

ZROM "W2" 5£.551 ENTERt

9914 E-7 XROM "N2"

4.9/ ENTERT §

XROM “H2" 7.587 ENTERt

2195 E-7 XROM =H2" 186

£ STy 1.96¢ - Calculate CV

RCL 15 28.%64 * 5T/ 7 CalculateK
Rel 1 RCL Y 7 BIN

4'3l3fl.m_ a7

b KL LN .898!7 %  Special case for N2

6.391 .+ GI0 22
T:T

499+ 8L K2 Z: Xy A+ BT Z:T

Rt x LASTE RIDN + YA, ——— » Y YyiA; + BT
X:Bij X:Aj + BT

JAS+LBL 83

SHELEL "HI™

IS0 8@ CLD RCL IWD 88 Y:>yH;

*.+ BHD X:Hivy —— & X:SyH; 4y Hig

H=GASGor A + BT’

AT I IR T
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OILISOTHERMAL COMPRESSIBILITY

Bl+LEL ~CO"

UL Bl OHR: 26

WROM “TITLE- FCIC 25
PROMPT =1-/KPR* RSTO €3
CLA ASTO B84 ZROM "W7-

12+ BL B@

ZROM *P* RCL 14 K<Y?
GTO Bi RDN XEG "CCOB~
STO 86 XY HROM -EE-
RCL 86 "COL® GT0 @2

25¢LBL @l
AEQ "CEa~ =[8"

20+LEL @2
¥ROM B2 ADY GTO 88

J2ei.81 "LCOR"
570 @5 RDH XEQ “CBG-
"ET3-HBi® CON X< @5
XEE "CBOb" Et X{: @5
Rt * LASTY Rt # -
A /4 O RCL B XOOY
RTH

S3eLBL "CEO"

REL. 12 12.6] =

%EG "CG3 1186 % -
BOL 16 d7.2 % #

RCL 13 5 % + 1433 -
RELZI7 o v SIS 2 RN

Fe+LEL “CLS”

ROL-25 147 2 A 06
RG24 o RCL 12 »
nar2 B9 o <1 4
REL 15 ¢ ETK

SZ¢LEL "H4"
“ROM "GRSG"

949LEL "W5"
RER “CGS* "GAS G3*
RROM “OUT*  END

Initialize

Store SI default units for CO in registers 03
and 04

Input variables, calculate and output

GAS GS and PBP

Input P
If P < PBP, calculate and output RSb and
COb

If P > PBP, calculate and output CO

Loop back for new P

Calculate COb

Calculate CO

Calculate GAS GS

Input GAS G

Calculate and output GAS GS
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OIL FORMATION VOLUME FACTOR

B1+LBL "BO-

"0IL YOL FACT* 28
AROM “TITLE® FCIC.25
PROMPT XROM -uW&"
{E@ "CBOb" STO &7
"BOBP" GTO @2

12¢LEL 66
XROM “P" RCL 14 H4Y?
GTO 81 RDN &XE@ "CBOB"
STO 86 Rt XROM =¥&"
RCL 86 “BOB" GTO @2

25¢LBL @1
RCL 87 XE@ -CBO" -BO"

20+LBL B2
FE? 82 ADY XROM -QUT-
ADY CF 88 GTC aa

J6+LBL "CEBOb"

#EQ "CRSb* STO BI RO
570 B2 RCL 1608~
RCL 12 XER “CGS" -+ +*
3@ RCL 12 X3¥? GTO 84
RCL 2 1751 E-§ EMTERt
4677 E-7 EHTER?
-1.511 E-§ GTO @5

J9¢LEL B4

RCL 20 - 110 E-6/- ENTER?Y
47 E-6 ENTERt
gtk

botlBL B3
Rt % RY LASTA # RIM
+ ST0.r RCL:9L %
RUL 82 3] %5 10t

RCL 81 RDN RTH
85+LEL “CBO-
geeLBL -CBT"

#EQ "CCO~ RCL 14
REL-LT &= % 1. %
ERD

Initialize

Input variables, calculate and output
GAS GS, PBP, and BOBP

Input P
If P < PBP, calculate and output RSb and
BOb

If P > PBP, calculate and output BO

Loop back for new P

Calculate BOb or BOBP
Calculate RSb, OIL. G/GAS GS

A, B, and C for OIL G < 30 API

A, B, and C for OIL G >30 API

Calculate BOb from A, B, C, RSb, and
OIL G/GAS GS

Calculate BO or BT

(T (O O O O

r
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OIL VISCOSITY

81+LBL “UD"

=qIL ¥Is= s

AROM “TITLE" FC?C 25
PROMPT ~"PR%3" RASTO B3
CLR ASTO 84

%ROM "SEPTP"

ZKOM "DILG" XROM "Hd4"
XROM "T= HEG "CUO4"

ST0 86 ~UOd" XROM =X3'

ADlY XROM -REI"

ZROM “H9" ERCL 13

RCL 86 XEQ@ “CUOb"
ST @7 “-UOBP- GTC B2

20+LEL B8

ZROM =P= RCL 14 X{V?
GT0 81 RDH XE@ "CRSb"
ZROM =X3" RCL 86

#E@ “CUOb" “UOb"

GT0 82

4a+LEL 8]
RCL &7 XE@ -CUO- UG-

44+LEL @2
#ROM “33" ADY GTD @@

434LBL "ClOd"

3.8324 RCL 12 .82023
¥ - 1etX RCL 16
Slled - Y10« 1Ats |
- RN

e3¢LBL "CUOB"
EEL Yo -168 +
112 D44 kY14 XY
fdl e =413 YIx ¥
18,715 * KRIH

g1+ 8L “CUG"

RCL 17 -89B E-7 +#
f1.513 - EtX RCL 17
1187 YtX * 2.6 #
RiL 17 REE 140 - ()%
Y4% * END
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Initialize

Store SI default units for UO in registers 03
and 04

Input variables, calculate and output
GAS GS
Input variables, calculate and output UOd

Input variables, calculate and output PBP
and UOBP

Input P
If P < PBP, calculate and output RSb and
UOb

If P > PBP, calculate and output UO

Loop back for new P

Calculate UOd

Calculate UOb

Calculate UO
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GAS-OIL RATIO, BUBBLE POINT PRESSURE

BleLBL "RS"

"GAS/OIL" 26

#ROM “TITLE"

ECIC 20

PROMFT "SCH/NI"

ASTO @3 CLA
ZROK "WG"

12¢LEL 86

ASTO 84

ZROM:*P° RCL 14 217

GTO 81 RDN

HEQ "CRSb"

=RSh*  GT0 82

21+LEL 81
REL 12 "Ry

24+ BL 82

#ROM "Xo" ADY GTO B8

28¢LBL "CRS

ti-
5T0 e@  XEQ 83

AEQ "CGS" =

RCL 6@

Gl BhptE s 510 Y

RTH

4@eLBL 83
38 RCL 12 ¥
1.8937 ENTER

T OGTO 4
10362

ENTERT 25.724 GTO 85

S1+LBL @4
1.187 ENTERt
ENTERY 23.93

GreLBL 85
RCL 12 % RC
o 7 B

67+LBL "FBF"
"BUBBLE PT*
ZROM TITLE"
PROMPT  "KPR"
CLA ASTO B4
ZROM “SEPTP”
XROM "OILG"
ZRON "T"

.aiva
1

L e *F-R*
£ RTH

2b
ECIC 23
RSTO @2

AROM “R4-

Initialize

Store SI default units for RS in registers 03
and 04

Input variables, calculate and output

GAS GS and PBP

Input P
If P < PBP, calculate and output RSb

If P > PBP, output RS

Loop back for new P

Calculate RSb from A, B, C, and OIL G/T"

A, B, and C for OIL G <30 API

A, B, and C for OIL G > 30 API

Calculate OIL G/T"

Initialize

Store SI default units for PBP in registers 03
and 04

Input variables, calculate and output

GAS GS

T T 4 ¢ O O O L O L O OO O
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S1+LBL 85

XROM *IRS® XEg "CPBP* Input RS

STO 14 “PBP* XRDK *X7° Calculate and output PBP
ADY GTO 86 Loop back for new RS

89+LBL -CPBP"
#EQ B3 XE@ “CG5- +*

REL 12 XY 72 ROy Calculate PBP from A, B, C, and OIL G/T'
178 Y1 EMD

TWO-PHASE FORMATION VOLUME FACTOR

BleLBL "BT"

“2PH YOL FRCT" 26 Initialize

KROM "TITLE" FC?C 23

PROMPT XEOH "W7" Input variables, calculate and output
XEG =CBOb= STO @7 GAS GS, PBP, and BTBP

"BTBP* GTO @2

12¢LEL 88
XROM “P- REl 14 K<Y7 Input P
GTO 81 RDH XE@ =CRTh" IfP < PBP, calculate and output RSb and
STO 86 ¥(>Y XROM "X8* BTDb
RCL @6 “BTb" GID B2

25+LBL 81
°CL 87 XER "CBT* ~BT" IfP >PBP,calculate and output BT

29¢LEL A2
FS? 88 RDY XROM -OUT"
ADY CF 88 GT0 48 Loop back for new P

J6+LBL "CBTb"

SHE-05 ROl 1L

RCL 16 °"F-R" CDH

ROL 18 7 3o

AEQ@ *CBG" "FT3-BBL" Calculate BTb or BTBP
CON %{> U3 Z2ER “CROb"

Bieonill 7 IR0 s

RCL 85 = - ENI
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Program Listings and Flowcharts

WATER ISOTHERMAL COMPRESSIBILITY

B1+lBL “CW"

*H20 150 cmMP- 2@
ARON “TITLE® -~ FCIC 23
PROAPT " 1sEPR"
XROM “K&*  AROM “XHACL"
XROK "T*

11+ EL @@

AROM “P* XEQ "CCH*
"CH" ®ROM "%2* ADV
GTO @88

13+LBL “CCR"

FC? 86 GTO 81

%EQ "CRSW™ RCL 2 -
8% E-4 x | 4

28+LEL 8l

ROL 87 -84 E-11 ¥
39267 E-9 "+ (RCL 16 #
REE: IV 477 B~ d
HiusZ, = b FEL 16 %
REL. 17 134 E-5. *
3.0046 - = FSP 6 %
{ E6 + RCL 19 X+87
GTO B2 24 RTH

S9+LBL 82
ALA L RCLIn L.1°1 E-7

# M4 F-8-.- BOL b %
2n b5 04 SREL e %
B0 - Ry 7NN &
L ¢ w BN

Initialize

Store SI default units for CW in registers 03
and 04

Flag 06: Gas-saturated or gas-free water
Input variables

Input P
Calculate and output CW
Loop back for new P

If gas-saturated, calculate correction factor

Calculate CW
If gas-saturated, multiply by correction

factor
If no salt, return

Calculate salinity correction

{0 R L R O O O O O O O O O O O |

4
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WATER FORMATION VOLUME FACTOR

A1¢LBL "EBi"

*H20 YOL FACT- 24 Initialize

sl CTUTREY o FEPE 25 Flag 06: Gas-saturated or gas-free water
PRONFT ZROK “H&® Input variables

XROM "ENACL*  XROW -T-

{AeLEL B8

XROM "P* REQ ~CBM" Input P

F57 88 ADY “EW* Calculate and output BW
HROM =0UT® RAD¥Y CF 88

GT0 Aa Loop back for new P
ZAeLBL “CBW" Calculate BW

ZEQ 87 RCL 17 «*

¥EQ B8 + BCL 7 =
REA B2 ¢+ RCL 19 ¥=4?
670 a1 3 RN If no salt, return

BW =A +BP +CP?

I5+LBL 81

AcrT RCL 17 D E-I8 ox

Meco -8 = HCI- 1A of

= & RKCL |7 =195 E-12

aie Y X NP E-E Calculate salinity correction
ETE Y RIE 51+ 7 C13%

LRSTE % FUE 47 S5 E-9

= & REL {2 3 | 4 ¥

2T

67+LBL B2

FST BE GT0 B3 9347

ENTERT 58 .E-7 ENTER! A coefficients for gas-free water
162 E-8 €10 85

TheLBL 83
3511 ENTERT £35 F-7 A coefficients for gas-saturated water
ENTERt 85 £-3 GTG @9

33¢LEL B4

F5? 86 GTG @6

-4228 E-9 EWTER!

1.8376 E-8 ENTERt B coefficients for gas-free water
e

F14LEL 65
o7 83
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WATER FORMATION VOLUME FACTOR (cont.)

23+ BL B

1893 E-8 ENTER?
-3.497 E-9 ENTER?
4597 E-14 - 410 89

1884LEL 87
FS? @6 GT
ENTERt -1
ENTERT 42
GT0 89

1B9¢LBL @3
=E-ll ENTER]
6429 E-16 ENTEE?
“HI EI7

115+LEL 89

Rt 570 L Ly RCL 16
STk Y XOO L RIH . #
RCL 16 * + EHD

WATER VISCOSITY

B10LBL "UN"

"H20 VI5* 26

#RON “TITLE* FCIC 2
PROMPT PRe§* ASTO A3
CLA ASTO 84

XROM “ZNACL*  XROM T-

13+LEL @6

XROM -F" XE@ -CUW"
*Ud*  XROM -#3 ADY
5T ve

2684LBL "CUW"

RCL 16 XEQ@ "CP3SAT“
RCL 17 XOHY  ¥4=77
GTo @2

2T+LEL @1

*P { PSAT* PROMPT
410 a1

B coefficients for gas-saturated water

C coefficients for gas-free water

C coefficients for gas-saturated water

Calculate A, B, and C

Initialize

Store SI default units for UW in registers 03

and 04
Input variables

Input P
Calculate and output UW
Loop back for new P

If P = PSAT, continue

If P << PSAT, halt with error message

O O O O O O L

4
-
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J1+LBL B2
= HSlHAR Bl
1.8467 E-& * RCL 16
S 00 e - % ] Calculate UW
+ 241.4 = 247.8
BEY Jh- TE- CCON. 1980 =
s 4 IMX o« REL 19
4287 GT0 B4 R{:Y RTH If no salt, return

BI¢LBL B4
SGRT 344 E-6 * ,8B27%
= REL-10 1% BLIG
RCL 16 =* LASTX SERT Calculate salinity correction
= % RCI 19 %12
218 E-6 = 08187 -
REE 19 Aol 3] 4
* RTH

92+ Bl. “CPSRT"

b3 ¥y F-(° LDH
Stz el v 510 7
3.218684 E-4 +
BB2528658 + Rt %
B8439993 + Rt # Calculate PSAT
LBB1694895 + E1 «x
-.B88685635 + Rt =

= 11550286+ Rt =
-.29721 + Rt %
7.419242 - - 374,136
lElEn e g e

CON - * Ef3 22883 E2
x "PSI" [INCOH END

163
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GAS-WATER RATIO

BleLBL "ROK"
“GAS/WATER" 28
XROW “TITLE® FC?C 29
PROMPT *SCM/M3"
ASTO @3 CLR ASTO a4
XROM =%NACL® #ROM *T"

13¢LBL 88
XROM =P~ XEQ@ "CRSMW"
"RSH" XROM "X~ RIDV
GT0 g8

28+LBL "CRSW"

-182 E-13- RCL 16 *
J.9E-9 + RCL 16 &
8hef - S

ST+ 8@ RCL 17 ST+ @@
* 148 E-9 RCL le *
9eb B - ROL 16 =
S Glves ¢
REL 17 4 —35% €7
RCL 16 * .@@345 +
RCL 16 % 2.12 + +
REL B8 BCoY 173 E-b
RCL 16 * .08733 -
B8 s F ¢ ST0T
5T 2 % END

Program Listings and Flowcharts

Initialize
Store SI default units for RSW in registers

03 and 04
Input variables

Input P
Calculate and output RSW
Loop back for new P

Calculate RSW

Calculate salinity correction

ROCK COMPRESSIBILITY

EENLE. SLER

*ROCK CME" 19

XROM "TITLE" FC2C 29
PROMPT "i/KPA® RASTO &3
CLR ASTO &4

{1+LBL @6

#ROM "%POR" XE@ "CCFR"
*CFR* XROM "X2" ADVY
GTO o8

18+LBL “CCFR"
RCL 18 168 / -.s
WX AB7 8 s BN

c
)

|
1]

Initialize

Store SI default units for CFR in registers 03
and 04

Input %POR
Calculate and output CFR
Loop back for new %POR

Calculate CFR

1T O O

f
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TOTALISOTHERMAL COMPRESSIBILITY

@1eLBL "CT"

"TOT ISO CMP" 26
AROM “TITLE" FC?C 25
PROMPT " 1/KPA"

XROM "WE" XROM “ITcPc"

%ROM "STDTP"
XROM "SEPTP"

#ROM "OILG" XROM "GASG"

XRON "%NACL"

XROM “%POR" XROM "T*
XROM “RSI" XEQ “CPBP"
STO 14

208+LBL 06

{9 ST0 88 *xs0"
SROM ~IN- “XSN*
XROM "IN" RCL 28 +
188 “R{0Y -2 "%SG"

XROM "OUT~ RCL 28 X#8?

FC? 88 GTO @l
#RONM "WS* XROM "W3"

4G¢LBL a1

XROM “P= RCL 26 X=@7
GTO B2 RIN RCL 14
ALY GTO 82 RDH

AEG "CCTb" 5T0 86 XY
XROM ~X3" RCL @6 “CThb"

GTO 83

J7+LBL 82
RDN. XE@ “CCT" <LT"

bl+LEL 63
ZROM -¥2* ADY GTO 6@

6.8l "LCT®

CLX ST0 86 RCL 2@
%207 GT0O @4 RDH RIN
5TO 83

T4+ BL B4
AEQ "CCO® RCL 28 *
STO A6 GTO B

Initialize
Store SI default units for CT in registers 03

and 04
Flag 06: Gas-saturated or gas-free water

Input variables

Calculate PBP

Input %SO and %SW, calculate %SG

If oil present and 1st pass, calculate and
output GAS GS and PBP

Input P

If oil present and P > PBP, calculate and
output CT

If oil present and P << PBP, calculate and
output RSb and CTb

If no oil present, calculate and output CT

Loop back for new %SO, %SW, and P

Calculate CT

[f oil present, calculate CO
Ignore free gas if oil present
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TOTALISOTHERMAL COMPRESSIBILITY (cont.)

2@+LBL “CCThb"
RDN STO 87 KO
o1l #s XY Rt

ZEG "CCOB" " XCX7 870 B3
0¥ REL 28 % XC) A6

RCL @7

95eLBL @5

198 RCL 24 - REE 21
- X=8? GTO0 @6 STO0 @7
RDN XEQ "CCG* RCL 87
¥ 5T+ 86

189¢LEL 8o

RCL 21 X=8?7 GT0 @7
SEQ CCHY . RCL 21 »
ST+ 86

117+LBL @7
RCL 85 XEQ@ “CCPR®
RCL @6 168 - + END

Calculate CTh

Since oil present, calculate COb

If gas present, calculate CG
(This free gas ignored if oil present and
P >PBP)

If water present, calculate CW

Calculate CFR

GENERAL PURPOSE AND INPUT SUBROUTINES

RISIBL “TITLE"

SE 88 SF 12 SF 21 AlY
ES?ian PRE CF 12 AbY

"Sldbs=n ARCE X 1 -
5F 23 RCL IND ¥ PTH

{7+LBL “We"
ASTO 83 CLA ASTO 84
"RSWMET &

230LBL "Y/N?"
CF 23 70 8@ ASTO @3
"2 YN FS? IND X
"B FC? IND X “HN-
AON PRONPT ROFF

FC2 23 RTN CF IND @8
RSTO X “Y" BSTO Y
K=Y? SF IND 88 FC? 55

KIN-:CER: AREI 85 - b *

FS? IND 86 “FYES"
FL? IND 88 “HHO® PR
RTN

Initialize

Check size

Flag 06: Gas-saturated or gas-free water

Initialize

Build question and display it
If no ALPHA input, return
If ALPHA input, set flag accordingly

Build response and print it

TETEELELER TR ELEE T T T T T

r
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S4#LBL “ITcPcr
9 XMEG 81 XROH "INU-®

0

J9¢LEL B8
AEQ B3 ¥ROM “IHU" RTN

6I+LBL 81

nT-u
e

BI¢LEL B2

ST @p ASTO T -R®
R510 B1 K~ ASTO ¥
GT0 8¢

7asLBL =STOIP-
REL 22 Sk 25
ST0 22 RCL 23
B=02 14,65 STO 23 ¢
"SI0 T~ XEG B3 °570 p-
GTG G

B94LBL "SEFTP"
23 “SEP T* XEQ 03
"SEP P~ G0 B8
95eLBL 7"
o

J24LEL A3
AEQ B4 AROW "IWU"  RTH

102¢L8L B4
ST0 96 ASTO T -F~
ASTO B C* ASTO Y

GTO Be

L1G+LBL &5
HSTE T ~RSi® ASTO A
"KPR* ASTO ¥

LiB4LEL 8o
CLR RASTO 82 RASTO 2

ARCL T RTH

Program Listings and Flowcharts 167

Input Te

Input Pe

Tename

1st six chars. of units for Te

Store default values for STD T and STD P

Input STD T and STD P

Input SEP T and SEP P

InputT

Get units and input T

1st six chars. of units for T, STD T, and
SEPT

1st six chars. of units for Pe, P, STD P,
SEPP

Last six chars. of units for temperature and
pressure
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GENERAL PURPOSE AND INPUT SUBROUTINES (cont.)

15 STG B8 "F" XEG 8@ InputP

BEL 15 ° "F-R= 5F 75

LON ECL 18 SF 25 ./ Try to calculate TR and PR
ECL I7 REL LI SF 23 7

BF 20 RO 17 RIH

141+LBL “GASG"

14 ST0 8@  "GAS G- Input GAS G
%ROW ~IN~ FS? 22 -RIN If GAS G input, return
28.964 MR- RER @9 Input MW

510 15 RIN

[53+LBL "0ILG"

11 570 @@ “APl"

ASTO &1 CLA ASTO a2 Input OIL G
ASTO 2 -KG/M3= ASTO ¥

"OIL G~ XROM-*INU* RTN

166+LBL “IRS™ Input RS
"Ra: GI0 B¢

163+LEL “RSI" Input RSI
e by

{71¢lBL 87
12 XEG 83 XROW -IKl- Get units and input RS or RST

.._.
J
or
-
—
[l
=
|ﬂ|

570 @8 H:Ti': H
"SCF/7BEL" ASTO B8 ASHF  Units for RS, RSI, RSb
AsTo @2 Wl‘ 1 i

189¢LEL "ZHACL" Input %NACL

13 5TO @@ -XHACL"

XROM “IN* F57? 22 FETH If WNACL input, return
fEd. “PpM-  KEQ- 99 Input PPM

370 19 ETH

I

o O {0



LU B A

ZA1eLBL A%

Sf0 B2 SF 25 % LF 25
ST0 81 @ ST0 oé

RO TH REL B2V
RTH

2134LBL *%POR"
17 ST0 88 "%POR"
AROM “IN* AT

219+LBL "HW?"
XROM “ITcPe”
ZROK “STOTP"

222¢LBL "H8"

#ROM =SEPTP"

AROM “0ILG" XROW W4~
AROM =T+ XROM "RSI"

2284LBL "H9"
XEQ "CPBP* STO 14
“PBP*

23Z¢LBL 18
#EQ 85 XROW "QUTU" RTH

236+LEL "X&"

ST0 i1 RDH ST0 18 RIH
5TO @& LASTX 570 &7
RCL 2 XE@ 81

AROM -OUTU" RCL @&

*Pc= XEQ 1@ ROL 67
#=87 RTK -CWR" XEG0 84
XROK "QUTU= RCL 18
"fcxr 3EQ 82

XRON "OUTU" RCL il
"Pcx" GTO0 18

Z6JeLEL "¥1v
AST0.T “FI3/5CF-
G701

Program Listings and Flowcharts 169

Try to convert Ato B

Input B

Convert Bto A

A =GASGor WNACL, B=MW or PPM

Input %POR

Input Te, Pe, STD T, and STD P

Input SEP T, SEP P, OIL G, and GAS G
Calculate and output GAS GS

Calculate PBP

Get units and output PBP

Store Pc*, Tex, Pe, and CWA

Output Tc and Pe

If CWA =0, return
IfCWA #0, output CWA, Te*, and Pex

English units for BG

English units for CG, CO, CW, CFR, and CT



170 Program Listings and Flowcharts
GENERAL PURPOSE AND INPUT SUBROUTINES (cont.)

2T1LBL °%3"

ASIOD 1T “CP" . GTO 1} English units for UG, UO, and UW

2754LBL "x4-

ASTO T “BTU/SCE" English units for NHV, GHVD, and GHVW
810 12

279+ BL =X5"

A5T0 T *BTU~/LBH#F" English units for CP and CV

G1e 12

283¢LBL "X&"

ASTO T ~SCF-/BBL" English units for RS, RSb, and RSW

ET8 11

2B74LEL "H7Y

petnor. Fsl” English units for PBP
298+LBL 11

F57 88 ADY Space for readability
293¢LBL 12

ASTO 81 ASHF ASTOC 42

CLA ARCL T RECL &4 Get user’s units

RCL 83 RCL 2
¥ROM "QUTE- RO 570 83 Output variable
RDH 570 B4 CF 82 RTH  Saveuser’s units

IRSeLBL "XG*
*RSb* XEG 83 Get units and output RSb
ZROM =OUTU" EHE

(¢ OO O O O O O O O O O O O
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Program Listings and Flowcharts
I1/0 SUBROUTINES

BleLBL "OUTK"
sF 22 G670 a8

A4¢LBL “0UTU"
CF 22

BeelBL 88
ROFF 570 @& RIN
RSTO 83 F57 @8 GT0 e
B de Bl H]

154LBL 28
FS? 89 GT0 @1 RCL 82
REL 81

Za+LBEL 8l
Lk &2 pF52 18 070 @ “ouT”, “ouTuU”, “OUTK”1/0
CLR ARCL ¥ ARCL Y subroutines—see flowcharts

oT0 84

284LBL 82
ROL 88 YER 13 INCOW
oF 25

J3¢LEL 63
LLR - AREL: 95 ok
ARCL ¥ ARCL 2 “B7"
YEG 14 AON TORE ¥
ST0F  ROFF

F5¢LEL 84
RCL B8 XEG 12 INCOH
FC2C 25 GTO 83 LLA

S2¢LBL 65

OFCL H5 “F-" X<
ARCL @8 F57 55 GT0 IS
44> BB RIN }

ALY ST0 B2
SEQ 14 S57T0P
ACL 82 PRCL 81 RCL 88
GT0 29

Rt

171
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73¢LBL OUT"

ACFF 570 @8 ASTC B
CLR RSTO Y RSTD 2
GTC 85

S10LBL " INK"
SF 22 G470 a8

B44LBL *IHU"

gF o

gneLEL B8
AOFF EDH ASTO 83
CF 22 ISG BB LLl

F5? @8 GTO 86 FS7 22
£To &7

I7¢LEL @6
F5? 89 GT0 @7 Prl- @7
RCL @1 RCL IND 9@
CTO 88

{RdeLEL 87

RCL IND @8 @ 13
INCON CLA ARCL 83
116+LBL 88

rF 22 R

AER 14 STOF RAOFF
FE?. 22 £S89 33 CHO 1

RCL IND @8 RASTO ¥ RSHF

acTh 2
Hoil &

i24¢iBL

g3
F Er T - ol B cn ER
ood r ol ¥
T
i

13aeLEL 18

ELR ARCL ¥ ARCL Z

"k?= KER 14 RAON STOP
HBFF

“INU“, “INK” I/0 subroutines—see

flowcharts

RO O O O (O O O

r
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Program Listings and Flowcharts

139+LBL 11

XEQ 12 CON FCIC 25
GT0 18 STC IND 84

CF 21 FE? B3 RIN CLA
BREL ©5 k=" ARCL L

152¢LBL 15
ih = HRCL Y ARCL
SF 21 PRAE RIH

reJ

159¢LEL 12
ASTO ¥ ASHF ASTO 2

163¢LBL 13

SF 25 ClA ARCL Y
RRCL 2 k=" HARCL 61
ARCL 82 RTH

{72¢LBL 14

CF 21 WVIEW CLA

AREL Y AREL Z F5? 55
5k 21 END

173



174 Program Listings and Flowcharts

OUTU AND OUTK o

05

SET FLAG
22 IF QUTK

!

CLEAR FLAG

22 |FOUTU

7| wmaze |
INITIALIZE

18 |pUT ENGLISH
UNITS IN
X&Y

29

30

Note: Small numbers are the line numbers in the program listing.

HALT ON
OUTPUT
?

PUT ENGLISH
VALUE IN X

f

BUILD UNIT
EQUATION

l

PUT UNITS
IN ALPHA

LTLIL M R L nnnononononnnt

'
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Program Listings and Flowcharts

3

-

CONVERT ENG-
LISH VALUE
TO SI OR
KNOWN UNITS

\i
34
- [BUILD PROMPT
& DISPLAY IT

{

PUT UNITS
IN ALPHA

v

STOP FOR
UNITS

Y

46 y
PUT ENGLISH |
VALUE IN X

40

43

Y

PUT USER'S
UNITSINY & 2

v

BUILD UNIT
EQUATION

Y

CONVERT
VALUEINXTO
USER'S UNITS

{

CONVERT
ERROR
?

a7

47

48

(See page 177)

Note: Small numbers are the line numbers in the program listing.

175



176 Program Listings and Flowcharts

ouT

77

78

Note: Small numbers are the line numbers in the program listing.

74

CLEAR ALPHA
FOR NO UNITS

{

PUT NULL
UNITSINY & Z

(See page 177)

{4 O O O O O O O O O A

f
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Program Listings and Flowcharts

OUT, OUTU, AND OUTK (cont.)

53

55

57

1563

158
RETURN

Note: Small numbers are the line numbers in the program listing.

BUILD RES-
PONSE WITH
NO UNITS

Y

PUT ENGLISH
VALUEIN X

Y

IS
THERE A

PRINTER
?

APPEND UNITS
TO RESPONSE
& PRINTIT

59

60

66

67

69

71

129

PUT
{ CONVERTED
VALUE IN X

Y

SAVE USER’'S
UNITS IN
REGISTERS

01&02

{

DISPLAY
RESPONSE

PUT UNITS
IN ALPHA

PUT USER'S
UNITS IN
Y&Z

'

PUT ENGLISH
VALUEIN X

RETURN

177



178 Program Listings and Flowcharts

INU AND INK

100

102

Note: Small numbers are the line numbers in the program listing.

PUT ENGLISH
UNITSINY & Z

y

PUT EXISTING
VALUE IN X

82

85

SET FLAG
22 1F INK

!

CLEAR FLAG
221F INU

87
INITIALIZE
93

105

106

107

113

114

PUT EXISTING
VALUE IN X

{

BUILD UNIT
EQUATION

Y

CONVERT ENG-
LISH VALUE
TO SI OR
KNOWN UNITS

Y

BUILD PROMPT
& DISPLAY IT

PUT UNITS
IN ALPHA

{

STOP FOR
INPUT

:

{4 L O O N O O O O O T A

f
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Program Listings and Flowcharts

140

140

PUT USER’'S
UNITSINY & Z

Y

A

\

131

BUILD ERROR
PROMPT &
DISPLAYIT

Y

137

STOP FOR
UNITS

144

146

148

168
RETURN

Note: Small numbers are the line numbers in the program listing.

BUILD UNIT
EQUATION

Y

CONVERT
INPUT VALUE
TO ENGLISH
UNITS

CONVERT
ERROR
?

STORE
CONVERTED
VALUE

!

1S
THERE A
PRINTER
?

BUILD
RESPONSE
& PRINTIT

!

| PUTEXISTING
VALUE IN X

Y

PUT USER'S
UNITSINY & Z

\

129
RETURN

147
RETURN

179
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Appendix A: Program and Calculation Subroutine Data
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Appendix B: Register Contents and Flag Usage
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Appendix C: Input and Qutput Variables
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