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Chapter 1-Document Control

Revision Coding

Our documents are supplied with a revision code. This code has the following format:

<major revision letter>.<minor wsion number>. Initially, the document has revision code A.O.
When in the next release of the document minor changes were implemented, the minor revision
number increases. When major changes have been implemented, the major revision number
increments.

Example document:

A.0  First revision

A.1  Second revision with minor changes implemented
A.2  Third revision, with other minor changes

B.0  Fourth revision, with (a) major change(s).

The revision coding will be modified for each new release of a document.

All software packages and software modules or components will be provided with a version number.
This number consists of three parts: A release number, a major revision number and a minor
revision number separated by decimal points. A release number idesntliie generation number of

the software, the major number refers to the main functionality of the program, seen from the
user's point of view, while the minor revision number identify a new software version.

Example program:

1.01.001 Initial release
1.01.002 Minor change
1.02.001 Major change
2.01.001 Family change

Revision History

Revision A.0
Author : J.C.H.M. van Dal
Date : April 2009

Initial, release

Revision A.1
Author : J.C.H.M. van Dal
Date : June 2010

Added IUPAC Ethylene and IAVWS7 tinctions
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Chapter 2- Introduction

This document describes the spreadsheet functions for the SXaseries of flow computers. It also
provides background information on related standards and calculation methods used in the yndustr
for quality and quantity measurement of hydrocarbon and other type of fluids.

The document serves as a reference manual for application engineers who haegtinknowledge

of the configuration software used for programming the FX¥vproducts.
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Flow-X Function Library

The FlowX series of flow computer uses Microsoft Excel as its configuration environment. EacK Flow
application consists of a single Excel workbook that contains one or more worksheets.

Flow-X functions are configured as regular Hxoactions. By using the output of one function as an input
(argument) in another function a complete calculation scheme can be made. Functions can be defined on
multiple sheets in order to organize the application.
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API Petroleum Measurement Tables

History

The first version of the APl Petroleum Measurement Tables was publish&852 In those days
measurement readings were taken manually and the tables were used to convert the observed density or
gravity at the observed temperature to the value at trefarence temperature. So the table values were

the actual standard.

The 1952 Tables consists of 58 tables containing all kind of correction and conversion factors used in the
measurement of hydrocarbon liquids. Each table deals with a particular conwersimits, correction of
density, or correction of volume. The 1952 tables that have to do with the conversion of density and
volume are: 5, 6, 23, 24, 53 and 54.

Table 5, 6, 23 and 24 convert density or volume to or from to a reference temperature’ef Waile

tables 53 and 54 refer to 16.

In 1980a complete new set of tables was published together with computer routines to allow electronic
devices to automatically calculate the volume conversion factors and API gravity / (relative) density at the
reference temperature. Back then most electronic devices were not capable of performing double
precision floating point calculations, so the standard prescribed all kind of rounding and truncating rules
to make sure that the calculations would always provitle same result. For the 1980 version the
calculation procedures are the standard rather than the table values.

In the 1980 version, which is also referred tofd®2540,the tables are divided into 3 product groups and

a letter designation was used tastinguish between the sutables. "A" was used for crude oil, "B" for
refined products and "C" for special applications. The 1980 tables, however, did not cover the LPGs and
NGLs density ranges and the 1952 Tables were left valid for these producterfate, the lubricating

oil tables (designated as "D") were not complete at the time of the printing in 1980 and were released two
years later. As opposed to the A, B and C tables no implementation procedures were defined for the D
tables.

In 1988 the Instute of Petroleum released its Paper No. 3 with tables 59 and 60 that are based on a
reference temperature of 2.

This resulted in the following Petroleum Measurement Tables dealing with the conversion of volume and
density to and from a reference temgsdure.

5 API Gravity Reduction to &0

6 Reduction of Volume to 68 Against API Gravity at%0

23 Reduction of Observed Specific Gravity to Specific Gravity &9/60
24 Reduction of Volume to 600 F Against Specific Gravity 88/60

53 Reduction of Observed Density to Density at@5

54 Reduction of Volume to £& Against Density at 15

59 Reduction of Observed Density to Density at@0

60 Reduction of Volume to 2@ Against Density at 2D

In 2004the API MPMS 11.1 1980 tables weuperseded by a new set of tables primarily for the following
reasons:

@  API 11.1:2004 includes the correction for both temperatanelpressure in one and the same
algorithm

@ Taken into account the progress in electronics (and for other reasons) the compheating
and rounding rules were abandonddstead the alculation proceduressedouble-precision
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Volume correction for pressur:

floating point math. The input and output values are still rounded in order to obtain consistent
results.

@ The convergence methods for the correctionobServed density to base density have been
improved.

@ Online density measurement by densitometers became common practice, requiring the
pressure and temperature correction to be incorporated in one ands the same procedure

@ The tables are extended in botemperature and density to cover lower temperatures and
higher densities.

@ The previous standard used a significant digit format which resulted in 4 or 5 decimal places
depending on whether the observed temperature was above or below the reference
temperature. The new standard prescribes 5 decimal places if or both cases.

@ The IP paper No. 3 tables were added to accommodate conversiorf@ 20
Tables for lubricating oils including the implementation procedures are now part of the standard.

Volume correctiorfor pressure

The API MPMS 11.1:1980 Tables only cover the correction for temperature. The correction for pressure
was published in API MPMS standards 11.2.1 and 11.2.2.

The correction for pressure is to the atmospheric pressure or, for products withitother density range,

to the equilibrium vapor pressure.

To calculate the equilibrium vapor pressure an Addendum was added to API MPMS 11.2.2. This addendum
is also known a&PA THL5(1988). In September 2007 the addendum was replaced by a new APastand
11.2.5 and at the same time GPAT3>(1988) was updated with a new 2007 revision.

NGL and LPG tables

For NGL and LPG products volume correction tables 24E and 23E°Rtvéére published iGPA TR25
(1988), so the letter 'E" was used to distindiuike tables from the related API MPMS A, B, C and D tables.
GPA TR5 has been superseded BPA TR27/ APl MPMS 11.2.4 (2007), which includes tables 53E, 54E,
59E and 60E to convert to A5 and 2€C as well. All text from T&5 is included without teahical change,

so TP25 is still viable for conversion to and from 60 °F.

Overview of hydrocarbon liquid conversion standards

@  ASTMIP Petroleum Measurement Tables, Historical Edition, 1952

@ APl MPM&hapter 11.1 1980* (Temperature VCFs for Generalized Crude Oils, Refined
Products, and Lubricating Oils): Historical; Published in 14 separate volumes

Also known as
@ APl Standard 2540 (AP540)
@ ASTM D1250
a [P 200

* In 1982 chapters Xl and XIV were published ammg tables 5D, 6D, 53D and 54D for
lubricating oils.
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APl MPM&hapter 11.% 2004(Temperature & Pressure VCFs for Generalized Crude Oils,
Refined Products and Lube Oils)

API MPM&hapter 11.2.41984 (Compressibility Factors for Hydrocarbor808API): Historical:
now incorporated into Chapter 11-2004

APl MPM&hapter 11.2.1M1984 (Compressibility Factors for Hydrocarbons:-6884 kg/m3):
Historical: now incorporated into Chapter 1122004

API MPMEhapter 11.2.21984 (Compressibility Factdiar Hydrocarbons: 0.350.637
Relative Density an¢60°F to 140°F)

API MPMEhapter 11.2.2M 1986 (Compressibility Factors for Hydrocarbons:-830 kg/m3
Density (15°C) angt6°C to 60°C)

APl MPMEhapter 11.2.2A1984 (Addendum to Correlation of Vag@ressure Correction for
NGL): Superseded by Chapter 11.2.5

API Publication/GPA T25/ASTM Publication (Temperature Correction for the volume of Light
Hydrocarbong; Tables 24E and 23E: Superseded by APl MPMS Chapter 11.2.4

GPA TR5 was published in 19%d replaced the 1952 tables 23, 24 for Light
Hydrocarbon Liquids and GPA Technical Publicatiat6T®hich were previously used
for volumetric measurement of LPG.

APl MPM&hapter 11.2.4 2007 / GPA TR7 / ASTM Publication (Temperature Correction for
the Volume of NGL and LRGables 23E, 24E, 53E, 54E, 59E, 60E): Supersedes-Z8°A TP
API MPM&hapter 11.2.52007 / GPA TR5 / ASTM Publication (A Simplified Vapor Pressure
Correlation forCommercial NGLs): Supersedes Addendum to Chapter 11.2.2#)1.2.

IP No. 3 1988 (Energy Institute (formerly Institute of Petroleum), Petroleum Measurement
Paper No 3 Computer Implementation Procedures for Correcting Densities and Volumes to 20 C.
Superseded by IP No-3997

IP No. 3 1997 (Energy Institute (formly Institute of Petroleum), Petroleum Measurement
Paper No 3 Computer Implementation Procedures for Correcting Densities and Volumes to 20 C.
Supersedes IP N0-3988

ISO 911 - 1982 Petroleum measurement tables Part 1: Tables based on reference tenmgsrat
of 15°C and 60F. Superseded by ISO-91992.

ISO 911 - 1992 Petroleum measurement tables Part 1: Tables based on reference temperatures
of 15°C and 60F. Supersedes ISO-211982.

ISO 912 - 1991 Petroleum measurement tables Part 2: Tables dhasereference temperatures
of 20°C

OIML R 631994 Petroleum measurement tables

Overview of the functions

The following table lists the volume conversion functions for hydrocarbon liquids as provided by the Flow
X series of flow computer.
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ASTMIP Petroleum Measurement Tables 1952merican Edition

API_Table23 (B2)

API_Table2(1952)

Table 23- Specific Gravity Reduction t SG(T)

60 ¥

Table 24 Volume Reduction to 6%F

SG(60°F)

2-19

SG(60°F)

Ctl

Crude Oils, Refined Products and Lubricating Oils (APl MPMS 11.1:198e25A0)
API_Table5 (1980) | API 11.1:1980 Tablel API 11.2.1:1984

AP|_Table6 (1980)
API_Table23 (1980
AP|_Table24 (1980
AP|_Table53 (BD)

API_Table54 (1980

5A, 5B and 5D

APl 11.1:1980 Table
6A, 6B and 6D

APl 11.1:1980 Table
23A and 23B

APl 11.1:1980 Table
24A and 24B

APl 11.1:1980 Table
53A, 53B and 53D
APl 11.1:1980 Table
54A, 54B and 54D

APl 11.2.1:1984

AP| 11.2.1:1984

APl 11.2.1:1984

°API (T, P)
°API (66F, Pe)
RD (T, P)

RD (66F, Pe)

API 11.2.1M:1984 Density (T, P)

API 11.2.1M:1984 Density (15C, Pe)

°API (66F, Pe)
°API (T, P)
RD (60F, Pe)
RD (T, P)
Density (18C, Pe)

Density (T, P)

Crude Oils, Refined Products and Lubricatings@API MPMS 11.1:2004)

API_Table5 (2004)
API_Table6 (2004)
API_Table23 (2004
API_Table24 (2004
API_Table53 (2004
API_Table54 (2004
AP|_Table59 (2004)
API_Table60 (2004

API_Table6C (2004

API 11.1:2004
API 11.1:2004
APl 11.1:2004
APl 11.1:2004
APl 11.1:2004
APl 11.1:2004
APl 11.1:2004
APl 11.1:2004

APl 11.1:2004

NGL and LPG (API 11.2.4)

API_Table23E

API|_Table24E

API_Table53E

APl 11.2.4: 2007

Table 23E

APl 11.2.4: 2007

Table 24E

API 11.2.4: 2007

Table 53E

AP| 11.1:2004

API 11.1:2004
API 11.1:2004
API 11.1:2004
API 11.1:2004

API11.1:2004
API11.1:2004
API 11.1:2004

Not applicable

API11.2.2:1986
GPA TH5:1988
GPA TR5:2007
AP| 11.2.2:1986
GPA TRS5

API11.2.2:1986
GPA TR5

°API (T, P)

°API (6€F, 0 psig)
RD (T, P)

RD (60F, 0 psig)
Density (T, P)

Density

bar(g))
Density (T, P)

(15C,

Density
bar(g))

Thermal
coefficient at60°F

(2¢eC,

RD (T, P)

RD (66F, Pe)

Density (T, P)

°API
psig)
°API (T, P)

RD (66F, O psiy
RD (T, P)
Density (18C, 0

bar(g))
0| Density (T, P)

(66F, ©

Density (20C, 0

bar(g))
0| Density (T, P)

expansior, Ctl

RD (66F, Pe)

RD (T, P)

Density (18C,
Pe)
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Hydrometer Correction

AP|_Table54E API 11.2.4: 2007 API 11.2.2:1986
Table 53E GPA TH5S5

API|_Table59E API 11.2.4: 2007 API 11.2.2M:1986
Table 59E GPA TH5

API|_Table60E APl 11.2.4: 2007 API 11.2.2M:1986
Table 60E GPA TH5

Hydrometer Correction

Density (18C, Pe)
Density (T, P)

Density (26C, Pe)

Density (T, P)

Density (20C,
Pe)
Density (T, P)

The API MPMS 11.1 1980 Standard {Z520) assumes that the API gravity or relative densiopgerved
with a glass hydrometer. Therefore a correction may be applied for the change of volume of the glass

hydrometer with temperature.

The hydrometer correction applies for tables 5A, 5B, 23A, 23B, 53A and 53B.
The 2004 standard does not include aregtion for a glass hydrometer.

API2540 Input Data Limits

APl MPMS 11.1:1980 (API 2540) is based on published data that lie within-dh#esb'Data’ range. The
other table values were obtained from extrapolation and lie within the 'Extrapolatedgea It is

recommended not to use ARB40 outside the 'Data’ and 'Extrapolated' ranges.
For the lubricating oil tables no difference is made between data that is table values that are based on
published data and table values that are determined by exitaipon.
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API2540 Input Data Limit:

AP| Gravity Relative Density Density Temperature Temperature
[WAPI] [-] [kg/m’] [UF] [\C]

Data Range 0..40 1.0760 .. 0.8250 1075.0..824.0 | 0..250 -18..120
40 ..50 0.8250 .. 0.7795 824.0..778.5 0..200 -18..90
50 .. 55 0.7795 .. 0.7585 778.5 .. 758.0 0..150 -18..60
Extrapolated Range O .. 40 1.0760 .. 0.8250 1075.0 .. 824.0 250 .. 300 120..150
40 .. 50 0.8250 .. 0.7795 824.0..778.5 200 .. 250 90..125
50 ..55 0.7795 .. 0.7585 778.5..758.0 150 .. 20 60..95
55 .. 100 0.7585 .. 0.6110 758.0 .. 610.5 0..200 -18..95
Applies for: Table 5A | Table 23A Table 24A Table 5A Table 5A
Table 6A Table 6A Table 6A
Table 23A Table 23A
Table 24A Table 24A

API Gravity Relative Density Density Temperature Temperature
[°API] [] [kg/m’] [°F] [°C]
Data Range 0..40 1.0760 .. 0.8250 1075.0 .. 824.0 0..250 -18..120
40..50 0.8250 .. 0.7795 824.0..778.5 0..200 -18..90
50..85 0.7795 .. 0.6535 778.5 .. 653.0 0..150 -18..60
Extrapolated Range O .. 40 1.076 .. 0.8250 1075.0 .. 824.0 250 .. 300 120..150
40..50 0.8250 .. 0.7795 824.0..778.5 200 .. 250 90..125
50..85 0.7795 .. 0.6535 778.5 ..653.0 150 .. 200 60..95
Applies for: Table 5B Table 23B Table 24B Table 5B Table 53B
Table 6B Table 6B Table BB
Table 23B
Table 24B

API Gravity Relative Density Density Temperature Temperature
[*API] [-] [kg/m’] [°F] [°C]
Data Range | -10..45 0.8..1.165 800..1164 0..300 -20..+150
Applies for: Table 5D Table 23D* Table 53D Table 5D Table 53D
Table 6D Table 24D* Table 54D Table ® Table 54D
Table 23D*
Table 24D*

* Values derived from Table 5D/6D

AP2540- Rounding and truncating rules

For each table API Standard 2540 specifies an explicit ‘Calculation Procedure' that includes the rounding
and truncating of all thenput, intermediate and output values. The 'Calculation Procedure' is considered

to be the standard rather than the table values or a set of equations.

The function provides the option to either apply the full API rounding and truncating requirements or to
perform the calculation procedure without any rounding and truncating being applied.
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AP$2540 Input Data Limits

For tables 6A, 6B, 24A, 24B and 54A and 54B the standard makes a distinction between computational and
table values for the calculated VCF. The table values are alwaydewto 4 decimal placeSVhereas the
computational values has 4 decimal places when the VFC >=1 and 5 decimal places when the VCF < 1.
When API rounding is enabled the convergence limit is set to the limit value as specified in the standard.
When the APIlrounding is disabled the convergence limit is set to 0.00001 kg/m3 to obtain highest

precision.

APF11.1:2004 Limits

Crude Qil

Refined products

Lubricating oils

610.6..1163.5 kg/m3 @ 60°F
100.-10 APl @ 60°F
0.61120..1.16464 RD @ 60°F
611.16..1163.7%g/m3 @ 15°C
606.12..1161.15 kg/m3 @ 20°C
610.6..1163.5 kg/m3 @ 60°F
100.-10 APl @ 60°F
0.61120..1.16464 RD @ 60°F
611.16..1163.86 kg/m3 @ 15°C
606.12..1160.62 kg/m3 @ 20°C
800.9..1163.5 kg/m3 @ 60°F
45.-10 APl @ 60°F
0.80168..1.1646 RD @ 60°F
801.25..1163.85 kg/m3 @ 15°C
798.11..1160.71 kg/m3 @ 20°C

APl onstantsin US customary units
For the tables iNUS customary unitshe following constants apply (both for the 1980 and the 2004

tables):

Crude oil
Gasoline
Transition area
Jet fuels
Fuel oils

Lubricating oils

O ©® | o W w|>

341.0957 0.0
192.4571 0.2438
1489.0670 | 0.0
330.3010 | 0.0
103.8720 | 0.2701
0.0 0.34878

APIlconstantsin metric units
For the tables imetric unitsthe following constants apply (both for the 1980 and the 2004 tables):

-58..302 °F
-50..150

-58..302°F
-50..150

-58..302 °F
-50..150 °C

0.0
0.0

o

-0.00186840

0.0
0.0
0.0

..1500 psig
°C 0..

103.4 bar(g)

..1500 psig
°C| ..

103.4 bar(g)

..1500 psig
..103.4 bar(g)
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Product API Table ‘ KO K1 K2
Crude oil A 613.9723 | 0.0 0.0
Gasoline B 346.4228 | 0.4388 | 0.0
Transition area | B 2680.3206 | 0.0 -0.00336312
Jet fuels B 5945418 | 0.0 0.0
Fuel oils B 186.9696 | 0.4862 | 0.0
Lubricating oils | D 0.0 0.6278 | 0.0
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fx2CellSelection

fx2CellSelection

Description

The functionselects between 2 input cells (e.g. differential pressure cells) based on the actual measured
value and the failure status of each cell.
The function can handle the following type of cell range configurations:

@ LocgHi
@ HigHi
2 KSNBE Wap202¥SNYy3IST WaARQ YAR NIy3IS YR WIAQ KAIK NI y3Ié

Function
Name
Cell A value Input value as percentage ¢
span of cell A
Cell A status Input status of cell A
0: Normal
<> 0 : Failure
Cell B slue Input value as percentage ¢
span of cell B
Cell B status Input status of cell B
0: Normal
<> 0 : Failure
Range type For a description of the RNGTYP
functionality refer to adjacent
a8S0GAz2y W[ 23A0
1: Lo Hi
Cell A at low range
Cell B at high rarg
2: Hi Hi
Cell A and B at same ranc
Auto switchback For a description of the
functionality refer to adjacent
aS0GA2y W[ 23A0
0: Disabled
1: Enabled
Switchup Switchup value expressed a - SWUPPER( 0..100 95
percentage percentage of span of thiswer
range
Switchdown Switchdown value expressed a - SWDNPER( 0..100 90
percentage percentage of span of the lowe

range
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Function | Remark EU SWtag Alarm Fallback
outputs

Status 0: Normal STS

1: Input argument out of range FIOOR
Selected cell 1:Cell 1 SELNR 1
number 2:Cell 2
Selected cell O: Normal SELSTS 0
status 1: Failure
Logic

The function will switch from one cell to another at the following conditions:

wlky3as G8ius 1 w2
When cell A is currently selected

@ Select cell B when cell A value is above or equal to the swighercentage of its range and cell
B is healthy.

@ Select cell B when cell A fails while cell B is healthy

When cell B is currently selected

@ Select cell A when cell A value is below or éqouizhe switchdown percentage of its range and
cell A is healthy

@ Select cell A when cell B fails and cell A is healthy
wky3s HBEQIS r v
When cell A is currently selected

@ Select cell B when cell A value fails and cell B is healthy

When cell B iswgrently selected

s {StS0OG OStt ! ¢gKSy OSitt ! A& KSrftidKe FyR W! dz

@ Select cell A when cell B fails and cell A is healthy.
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fx3CellSelection

fx3CellSelection

Description

The functionselects between 3 input cells (typically differential pressure kdissed on the actual
measured value and the failure status of each cell.
The function can handle the following type of cell range configurations:

@ Lo¢MidcHi
@  LogHicHi
@  HigHicgHi
2 KSNB WwW[2Q YSIya t26 NIy3dIST WaiRQ YAR Nry3IS YR WIAQ K

Furction
Name
Cell A value Input value as percentage of span of ¢
A
Cell A status Input status of cell A
0: Normal
<> 0 : Failure
Cell B value Input value as percentage of span of c
B
Cell B status Input status of cell B
0: Normal
<> 0 : Failure
Cell C value Input value as percentage of span of cel
Cell C status Input status of cell C
0: Normal
<> 0 : Failure
Range type For a description of the functionality refe RNGTYP
t2 | R2IF OSyi asSdiArzy
1: Lo Mid Hi

Cell A at low range

Cell B at mid range

Cell C at high range
2: Lo Hi Hi

Cell A at low range

Cell B and C at high range
3: Hi Hi Hi

Cell A, B and C at same range

Auto switchback| For a description afhe functionality refer

G2 FR2lI OSyiG asSoOGAz

0: Disabled

1: Enabled
Switchup Switchup value expressed as percental - SWUPPERC| 0..100 | 95
percentage of span of the lower range

528a y2i FLLX& F2I
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I AQ
Switchdown Switchdown value expressed a - SWDNPERC 0..100 | 90
percentge percentage of span of the lower range

528a y20 FLLXe T2

I AQ
Status 0: Normal STS

1: Input argument out of range FIOOR
Selected cell| 1: Cell 1 SELNR 1
number 2: Cell 2

3:Cell 3
Selected cell 0: Normal SELSTS 0
status 1: Failure
Logic

The function will switch from one cell to another at the following conditions:

wky3sS el I w2 aAR |1 AQ
When cell A is currently seled

@ Select cell B when cell A value is above or equal to the swighercentage of its range and cell
B is healthy.

@ Select cell B when cell A fails while cell B is healthy
@ Select cell C when cell A and cell B fail and cell C is healthy

When cell B isurrently selected

@ Select cell C when cell B value is above or equal to the sujitgtercentage of its range and cell
C is healthy

@ Select cell Awhen cell A value is below or equal to the swilibetn percentage of its range and
cell A is healthy

@ Selectcell A when cell B fails while cell A is healthy
Select cell C when cell B and cell A fail and cell C is healthy

When cell C is currently selected

@ Select cell B when cell B value is below or equal to the swliteim percentage of its range and
cell B § healthy

Select cell B when cell C fails while cell B is healthy
Select cell A when cell C and cell B fail and cell A is healthy

wlky3sS G8idor w[ 2
When cell A is currently selected
@ Select cell B when cell A value is above or equal to the swjighercentage of its range and cell
B is healthy.
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@ Select cell C when cell A value is above or equal to the sujtgiercentage of its range and cell
B fails and cell C is healthy.
@ Select cell B when cell A fails while cell B is healthy
Select cell C whetell A and cell B fail and cell C is healthy
When cell B is currently selected
@ Select cell A when cell A value is below or equal to the swlibetn percentage of its range and
cell A is healthy
@ Select cell C when cell B fails while cell C is healthy
Slect cell A when cell B and cell C fail and cell A is healthy
When cell C is currently selected
@ Select cell A when cell A value is below or equal to the swlibetn percentage of its range and
cell A is healthy
Select cell B when cell B is healthy &t dzii 2 &6 A 1 OKol 01 Q A& Sylof SR
Select cell A when cell C and cell B fail and cell A is healthy
wlky3as HBLSor v
When cell A is currently selected
@ Select cell B when cell A value fails and cell B is healthy
@ Select cell C when cell A and cell B fad eell C is healthy
When cell B is currently selected
@ {StS80G OStt ! sKSy OStt ! Aa KSIFHtdOKé FyR Widzi2 &6A00KD?
@ Select cell A when cell B fails and cell A is healthy
@ Select cell C when cell B and A fail and cell C is healthy
When cell C isurrently selected
s {StS0OG OStt ! gKSy OStt ! A& KSritidKeée FyR Whdziz &a6Ail0OKO
@ {StS0G 0OStt . sKSy OStt . Aa KSFHtdGKé FyR OStft ! FlIAfa
@ Select cell A when cell C fails and cell A is healthy
@ Select cell B when céll and A fail and cell B is healthy
fXAGA10_ M

The function calculates thepeedof sound of a gas athe specifiedconditions of temperature and
pressureusing the formulae presented in the American Gas Association Report No 10.
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Compliance
AGA Repdmo. 10- Speed of Sound in Natural Gas and Other Related Hydrocarbon Gases, January 2003

Input Data Limits

The AGALO calculation has defined uncertainty bounds for gas mixtures that lie within the 'Normal range'.
Also an 'Expanded range' of gas mixtuiesdefined for which the AGR0 calculation has a higher
uncertainty. Using the AGRO calculation for gas mixtures that lie outside the 'Expanded range' is not
recommended.

The AGALO standard specifies the same limits as the AC#andard. Refer to # fxAGA8 function for
RSGIAfa 2y (GKS | Olddaft tAYAQG @I fdzSa dzaSR o6& (KAaA

Function inputs and outputs

Name Optional tag name, tag descriptio

and tag group
Pressure Observedoressure bar(a) 0..2000
Temperature Observed temperature °C -
200..+400
Composition Standard composition as defined | mol/mol | COMP 0.1

section 'Standard gas composition.
neo-Pentane mode | Determines what to do wher - NEOC5_MODE 1

component neePentane is largel

than zero

1: Add to iPentane

2: Add to nPentane

3: Neglect

Status 0: Normal STS
1: Input argument out of range FIOOR
2: Calculation error CALCERR
3: No convergence NOCONV
4: Mole fractions do not add up to 1. COMPOOR
+ 0.0001
Speed of sound m/s | SOS 0
Range 0: In Normal Range RANGE 0
All inputs are within the
‘Normal Range'
1: In Extended Range
One or more inputs within
the 'Extended Range, bur
none of the inputs outside
the Extended rag (outputs
values have highe| OOR
uncertainty)
2: Out of Range
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One or more inputs outside
the 'Extended Range' (usin
the AGA1lQcalculation is not
recommended in this case)

Calculations

Calculations are as documented in the standard.

fXAGA10ex_M

Theextended AGA 1€unction provides an extensive set of gas propert&she specifiedconditionsof
temperature and pressurasing the formulae presented in the American Gas Association Report No 10.

Compliance
AGA Report No. 10Speed of 8und in Natural Gas and Other Related Hydrocarbon Gases, January 2003

Input Data Limits

The AGALO calculation has defined uncertainty bounds for gas mixtures that lie within the 'Normal range'.

Also an 'Expanded range' of gas mixtures is defined for wiiehAGA10 calculation has a higher

uncertainty. Using the AG20 calculation for gas mixtures that lie outside the 'Expanded range' is not

recommended.

The AGALO standard specifies the same limits as the AGstandard. Refer to the fxAGA8 function for

RSGIrAfta 2y GKS | O0lGdzat tAYAQG @I ftdzSa dzaSR o6& (GKAa TFdzyOlazy

Function inputs and outputs

Name Optional tag name, tag

description and tag group
Pressure Observed pressure bar(a) 0..2000
Temperature Observed temperature °C -

200..+400

Composition Standard composition a{ mol/mol | COMP 0.1

defined in section 'Standard gz

composition.
nec-Pentane Determines what to do wher - NEOC5_MODI 1
mode component neePentane is

larger than zero

1: Add to iPentane
2: Add to APentane
3: Neglect
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Function outputs Remark AE Fall

Status 0: Normal STS
1: Input argument out of range FIOOR
2: Calculation error CALCERR
3: No convergence NOCONV
4: Mole fractions do not adc COMPOOF
up to 1.0 +0.0001

Molecular weight kg/kmol MOLMASS

Molar density at base mol/m3 MOLDENS

conditions

Molar density at flowing mol/m3 MOLDENSF

conditions

Mass density at bast kg/m3 MASSDENS

conditions

Mass density at flowing kg/m3 MASSDENS

conditiors

Ideal gas relative density - IRD

Real gas relative density - RRD

Velocity of sound m/s SOS

Compressibility at bast - ZB

conditions

Compressibility at - ZF

flowing conditions

Supercompressibility - FPV
Ideal gas specific kJ/kg MASSHO
enthalpy

Real gas specifi kJ/kg MASSH
enthalpy

Real gas specific entropy kJ/kg/K MASSS
Ideal gas isobaric hee kJ/kg/K MASSCPO
capacity

Real gas isobaric he¢ kJ/kg/K MASSCP
capacity

Real gas isochoric het kJ/kg/K MASSCV
capadgty

Ideal gas isobaric hee kJ/kmol/K | MOLCPO
capacity

Real gas isobaric he¢ kJ/kmol/K | MOLCP
capacity

Real gas isochoric het kJ/kmol/K | MOLCV
capacity

Ratio of specific heats - CPCV
Isentropic exponent - KAPPA
Criticd flow factor - CRITC
Ideal gas specific kJ/kmol MOLHO
enthalpy

Real gas specifi kJ/kmol MOLH
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enthalpy

Isentropic perfect gas
critical flow factor
Isentropic real gas critice
flow factor

Range

Calculations

0: In Normal Range

All inputs are within
the 'Normal Range'

1: In Extended Range

One or more inputs
within the 'Extended
Range, but none o
the inputs outside
the Extended rang
(outputs values have
higher uncertainty)

2: Out of Range

One or more inputs
outside the
'‘Extended Range
(usng the AGA10
calculation is not
recommended in this
case)

Calculations are as documented in the standard.

Cl

CRI

RANGE

OOR
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Description

fXAGA3_C
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The function calculates the mass flow rate for Orifice pressure differential flowetewiccording to the

AGAS3 standard.

AGAS3 covers orifice meters with flange taps and pipe taps.

Compliance

@ AGA Report No. 30rifice Metering Measurement of fluid flow by means of pressure
differential devices, 1991

@ APl Manual of Petroleum Measurement &dards, Chapter 14 Natural Gas Fluids Measurement,

Section 3 Concentric Squaredged Orifice Meters 1990.

Function

Name

Differential
Pressure

Pressure
Temperature
Density
Dynamic
Viscosity

Isentropic
Exponent

Pipe Diameter

Pipe
factor

Pipe  Reference

temperature

Orifice Diameter

Expansior

Optional tag name, tag descriptio
and tag group

Differertial pressure over the
primary flow device measured &
the up- and downstream pressure
tappings, which need to be in th
positions as specified in the
standard

Down or upstream pressure valut
of the fluid at metering conitions
Down- or upstream temperature of
the fluid at metering conditions
Down or upstream density of the
fluid at metering conditions
Dynamic viscosity of the fidi

Also referred to ak (kappa). For
an ideal gas this coefficient is equ
to the ratio of the specific hea
capacity at constant pressure t
the specific heat at constan
volume.

This ratio is commonly esl when
the real value is unknown.
Internal diameter of the pipe af
reference temperature

The thermal expansion coefficier
of the pipe material

The reference temperature tha
corresponds to the 'Pipe diamete|
input value

Orifice diameter at reference

inH20 @

60°F

psia
°F
Ibm/ft3

Iom/ft.s

inches
1/°F

°F

inches

0..1000

0..30000

400..2000
0..200

DYNVIS

KAPPA

0.1

0..10

PIPEDIAM 0..100

PIPEEXPF 0..1

PIPEREFT, -

400..2000

ORIFDIAM 0..100

6.9e6

13

6.2e6

68

0
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Orifice Expansior
factor

Orifice Reference
Temperature

Pressure
Location

Temperature
Location

Temperature
Correction

temperature

The thermal expasion coefficient| 1/°F

of the orifice material
Typical values are:

The reference temperature tha °F

corresponds to the 'Orifice

diameter' input value

1: Upsteam tapping
Input 'Pressure’
represents the pressure
at the upstream pressure
tapping (R).
Since  the  absolute
pressure is  usually
measured at the
upstream tapping this i<
the  most common
setting.

2: Downstream tapping
Input 'Pressure’
represents the presure
at the downstream
tapping ().

1: Upstream tapping
Input ‘Temperature'
represents the upstrean
temperature ().

2: Downstream tapping
Input "Temperature
represents the
temperature at the
downstream tapping ).

3:Recovered pressure

Input ‘Temperature'
represents the
downstream

temperature at a location
Where the pressure has
fully recovered (3).

Since temperature
measurement is usually
downstream of the flow
device this is the mos;
common setting.

1: Use (k)/k
Isentropic expansior
using (ik)/'k as the
temperature referral

exponent

ORIFEXPF 0..1

ORIFREFT -

PRESLOC

TEMPLOC

TEMPCOFR

400..2000

9.25e

68
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Tempeanture
Exponent

Density Location

Density
Exponen

Fluid

Drain hole

2: Use temperature exponent

Isentropic expansior
using input ‘Temperature
Exponent’ as the

temperature referral
exponent f]
To correct the temperature from
down- to upstream conditions (or
vice versa) the formula k¢1)/k
(isentropic expansion) will besed
when the input value is set to C
else the input value will be used.
For more details refer to sectiol
‘Terperature correction'.
This parameter specifies if and ho
the density should be correctel
from downstream to upstream
conditions.
1: Upstream tapping
Input 'Density’
represents the density al
the upstream pressure
tapping € 1).
2: Downstream tapping
Input 'Density’
represents the density al
the downstream tapping
(ra).
3: Recovered pressure
Input '‘Density’
represents the density
downstream at a location
Where the pressure has
fully recovered ().
This factor is used when densi
correction is enabled. The formul
1/k will be used when the input
value is set to O, else the inpt
value will be used.
For more details refer to sectiol
function '1SO51670rifice’ 'Density
correction'.
The type of fluid being measured
1: Gas
2: Liquid
For liquid the expansion factor i
set to 1, i.e. the fluid is considere
to be incompressible.
When input is > 0 then ar
additional correction on the orifice

n

TEMPEXP

DENSLOC

DENSEXP!

FLUID

DRAIN

fXAGA3_C
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0..100

0
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Fpwil

Status

Mass flow rate
Beta ratio

Orifice diameter

Pipe diameter
Upstream
pressure
Pressure
downstream
tapping
Recovered
downstream
pressure
Upstream
temperature

Temperature at

downstream
tapping
Downstream
Temperature
Upstream
density
Density
downstream
tapping
Downstream
density
Reynolds
number

at

at

diameter will beapplied to account
for the drain hole, as explainel
further on.

Local Gravitational Correctiol
Factor for DeadweighCalibrators
used to calibrate differential and
static pressure Instruments

Directly applied on the calculate
mass flow rate within each

iteration.

0: Normal

1: Input argument out of range
2: Calculation error

3: No convergence

The calculated nes flow rate
Orifice to pipe diameter ratio al
upstream temperature

At the upstream temperature

At the upstream temperature
Presswe at upstream tapping
(P

Pressure at downstream tappin
(p2)

Fully recovered downstrean
pressure (p)

Temperature  at  upstam
tapping (&)
Temperature at downstream
tapping ()

'Fully recovered' downstrean
temperature (&)

Density at upstream tapping {)

Pressure at downstream tappin

(r2)

'Fully recovered' downstrean
density € 3)

The pipe Reynolds number, i.e
the Reynolds number upstrear
of the orifice and not the one

klbm/hr

inches
inches
psia

psia

psia

°F

°F

°F
Ibm/ft3

Ibm/ft3

Ibm/ft3

FPWL 09.11

STS
FIOOR
CALCERR
NOVONV

MASSR

BETA

ORIFUP

PIPEUP

PRESUP

PRESDN

PRESREC

TEMPUP

TEMPDN

TEMPREC

DENSUP

DENSDN

DENSREV

REYN

o
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within the device throat itself)
Discharge - DISCF 0
coefficient
Expansion Factol - EXPFAC 0
Velocity of - VOA 0
Approach
Pressure out of O: Pressure is in valid range - PRESOOF PRESOOFR 0
range 1: Pressure is out of validmge
Reynolds out of 0: Reynolds number is in vali - REYNOOF REYNOOFR 0
range range

1: Reynolds number is out ¢

valid range
Diameter out of| O: Device and pipe diameter an - DIAMOOR| DIAMOOR 0
range Beta ratio in valid range

1: Device diameter, pipe¢

diameter and/or Beta ratio out of

valid range
Calculations

The calculations are in accordance with the standard.

Pressure correction

@ The relation between the pressure at the upstream tappingmd the pressure at the
downstream tappingp) is as following:

q:) C")(units

P>=P;- 1000

@ The relation between the pressure at the upstream tapping and the downstream tapping is as
following:

Ps=P1- PLoss

Where
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p1 Pressure at upstreanapping psia

P2 Pressure at downstream tapping psia

ps Fully recovered downstream pressure psia

Dp Differential pressure inH20 @ 60°F
PLoss Pressure loss over the meter psi

C Discharge coefficient as calculated by the standard -

h Flow coefficient -

i Diameter ratio at the upstream pressure and temperature -

E Velocity of approach factor -

Kiits  Unit conversion factor to convert a value expressed in 'inH20 @60°F' tc -
corresponding expressed in 'psi' (conversion as spedifisdction 'Unit Types')

Temperature correction

@ When input 'Temperature correction' is set to 1, then an isentropic expansion based on the
isentropic coefficient is applied:

1k
P

t=(t, +45967)c%§ - 45967
¢

=

t=(t, +45967)C%°’
(0]

@ When input 'Temperature coection' is set to 2, then an isentropic expansion based on input
"Temperature exponent' is applied:

o ~KTE
t=(, +45967)%§ - 45967
cP =
K

t,= (t, +45967) 2§ - 45967
1 =

Lk
k

- 45967

1-CDO

¢
Where
ty Upstream temperature °F
to Temperature at the downstream tapping °F
ta Temperature at the fullyecovered downstream pressure °F
p.  Upstream pressure psia
p.  Pressure at the downstream tapping psia
ps  Fully recovered downstream pressure psia
k Isentropic exponent -

Kre Temperature exponent -
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@ When input 'Density exponent' 8, then the following isentropic corrections are applied
(depending on the type of Density Correction)

1 1

— F 10k — F 10k
r=r, _8 ry="rs _8
¢P2 = GPs=

@ Else the value of input 'Density Exponent' is used

~ 3 ) O.KDE B 3 ) GKDE
’1"2%8 ’1‘f3%8
¢~ ¢Fs~

Where:
r, Upstream density Ibm/ft3
r, Density at the downstream tapping Ibm/ft3
r;  Density at the fully recovered downstream pressure Ibm/ft3
p.  Upstream pressure psia
p.  Pressure at the downstream tapping psia
ps  Fully recovered downstream pressure psia
k Isentropic exponent -

Kog  Density exponent -
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The AGA 5 standard defines methods to calculate the mass and volume based calorific values at 60°F and
14.73 psia for a natural gas based on known molar fractions aidghénydrocarbon gasamponents.

Compliance
@ A.G.A Transmission Measurement Committee Report No. 5 (Fuel gas Energy Metering) 1981

@ A.G.A Transmission Measurement Committee Report No. 5 (Fuel gas Energy Metering) 1996
(Reprinted 1999)

Name Optional tag name, tag description ar
tag group
Composition Standard composition as defined | molar COMP | 0.1 0

section 'Standard gas composition. | fraction
Only the following components ar:
considered by the calculation:

N2 Nitrogen

CO2 Carbon dioxide

H20 Water

H2S  Hydrogen sulfide

H2 Hydrogen

CO  Carbon monoxide

02 Oxygen

He Helium

Sum of these fractions may not exce¢
1
Specific Gravity | Molar Mass Ratio, i.e. ratio of th - SG 0.1 0
molar mass of the gas and of the mol
mass of air (specifiedn AGA5 as
28.9644 kg/kmol (Ibm/Ibmol))

Status 0: Normal STS

1: Input argument out of range FIOOR

2: Calculation error CALCERI
Calorific  value Mass based calorific value Btu/lbom | CV.MASS 0
mass
Calorific  value Volume calorific value at 60°F ar Btu/scf CV_VOL 0
volume 14.73 psia
Calculations

The Energy to Mass ratio is calculated according to Section Ill of the standard, which contains the
calculation procedure for the gas mass to egerconversion. The equations based on the 'by volume'
fractional values are used (and not the equations based on the 'by weight' values).
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The Energy to Volume ratio is calculated according to Section Il of the standard, which contains the
calculation proedure for the gas volume to energy conversion.

XAGA_C
The compressibility and density of a gas are calculated fhemsomposition, temperature and pressure in
FOO2NRIyOS 6AlGK GKS WwW5Sil At doAckssdandardaittthelinpuk ahg Q@ Y S
output values ilJS Customarwnits.

Compliance
@  AGA Report No. 8, Second edition November X381 printing July 1994
@ API MPMS 14.2, Second edition November 1988 printing July 1994

@ SO 12213 Natural gas Calculation of compression faett Part 2: Calculation using molar
composition analysis, 1997

Input Data Limits

The AGA calculation has defined uncertainty bounds for gas mixtures that lie within the 'Normal range'.
Also an 'Expanded range' of gas mixtures is defined for which th&8AGalculation has a higher
uncertainty. Using the AGB calculation for gas mixtures that lie outside the 'Expanded range' is not

recommended.

Pressure 0 ..20000 0 ..20000 psia
Temperature -200.. 400 -200 .. 400 °F
Mole fraction of Methane 0.45..1.00 0.00 .. 1.00 -
Mole fraction of Ethane 0.00..0.10 0.00 .. 1.00 -
Mole fraction of Propane 0.00 .. 0.04 0.00..0.12 -
Mole fraction of Butanes 0.00..0.01 0.00 .. 0.06 -
Mole fraction of Pentanes 0.00 .. 0.003 0.00..0.04 -
Mole fraction of Hexanes Plus 0.00 .. 0.002 * -
Mole fraction of Carbon monoxide 0.00 .. 0.03 0.00 .. 0.03 -
Mole fraction of Carbon dioxide 0.00 .. 0.30 0.00 .. 1.00 -
Mole fraction of Nitrogen 0.00 .. 0.50 0.00..1.00 -
Mole fraction of Helium 0.00 .. 0.002 0.00..0.03 -
Mole fraction of Argon 0.00 .. 0.00 0.00 .. 0.01 -
Mole fraction of Oxygen 0.00 .. 0.00 0.00 .. 0.21 -
Mole fraction of Hydrogen Sulphide 0.00 .. 0.0002 0.00 .. 1.00 -
Mole fraction of Hydrogen 0.00..0.10 0.00 .. 1.00 -
Mole fraction of Water 0.00 .. 0.0005 * -

* For these components the dew point temperature is the upper limit. Limit check is ignored for
reason of simplicity.
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Function inputs and outputs

Function ‘Remark EU SW tag Range Default ‘
inputs
Name Optional tag name, tac
description and tag group
Pressure Pressure value psia 0..40000 1.01325
Temperature | Temperature value °F -250.+80 | O
Composition | Standard  composition  a; mol/mol | COMP 0.1 0
defined in section 'Standard ge
composition.
neo-Pentane | Determines what to do wher - NEOC5_MODE 1
mode component neePentane is
larger than zero
1: Add to iPentane
2: Add to nPentane
3: Neglect

Function SW tag Alarm Fallback
outputs
Status 0: Normal STS

1: Input argument out brange FIOOR

2: Calculation error CALCERR

3: No convergence NOCONV

4: Mole fractions do not add up to 1. COMPERF

+ 0.0001
Compressibility - z 1
factor
Mass Density Ib/ft3 MASDENS 0
Mole Density Ibmol/ft3 | MOLDENS 0
Molar Mass Ib/Ibmol | MOLMASS 0
Range 0: In Normal Range RANGE 0

All inputs are within the
‘Normal Range'

1: In Extended Range
One or more inputs within
the 'Extended Range, bu
none of the inputs outside
the Extended rang (output OOR
values have highe
uncertainty)

2: Out of Range
One or more inputs outside
the 'Extended Range' (usin
the AGAS8 calculation is nc
recommended in this case)
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Calculations
The calculations are as documented in the standard.

fXAGA8 M
The compressibility and density of a gas are calcdlatem its composition, temperature and pressure in
FOO2NRIyOS 6AGK GKS W5SGl At ¢ AGAnGaidSMitlelinfuk ghg Q@ Y S
output values irmetric units.

Compliance
@  AGA Report No. 8, Second edition November 3811 printng July 1994
@ API MPMS 14.2, Second edition November 19831 printing July 1994

@ SO 12213 Natural gas Calculation of compression factor Part 2: Calculation using molar
composition analysis, 1997

Input Data Limits

The AGA calculation has defined uetainty bounds for gas mixtures that lie within the 'Normal range'.
Also an 'Expanded range' of gas mixtures is defined for which the8AGaculation has a higher
uncertainty. Using the AGR\ calculation for gas mixtures that lie outside the 'Expandamuye’ is not

recommended.

Pressure 0..1379 0..1379 bar(a)
Temperature -129 .. +204 -129 .. +204 °C
Mole fraction of Methane 0.45..1.00 0.00 .. 1.00 -
Mole fraction of Ethane 0.00..0.10 0.00 .. 1.00 -
Mole fraction of Propane 0.00 .. 0.04 0.00..0.12 -
Mole fraction of Butanes 0.00..0.01 0.00 .. 0.06 -
Mole fraction of Pentanes 0.00 .. 0.003 0.00..0.04 -
Mole fraction of Hexanes Plus 0.00 .. 0.002 * -
Mole fraction of Carbon monoxide 0.00..0.03 0.00..0.03 -
Mole fraction of Carbon dioxide 0.00..0.30 0.00..1.00 -
Mole fraction of Nitrogen 0.00 .. 0.50 0.00 .. 1.00 -
Mole fraction of Helium 0.00 .. 0.002 0.00..0.03 -
Mole fraction of Argon 0.00 .. 0.00 0.00 .. 0.01 -
Mole fraction of Oxygen 0.00 .. 0.00 0.00 .. 0.21 -
Mole fraction of Hydrogen Sulphide 0.00 .. 0.0002 0.00 .. 1.00 -
Mole fraction of Hydrogen 0.00 .. 0.10 0.00..1.00 -
Mole fraction of Water 0.00 .. 0.0005 * -

* For these components the dew point temperaturglig upper limit. Limit check is ignored for
reason of simplicity.
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Function inputs and outputs

Function ‘ Remark EU SW tag Range Default ‘
inputs
Name Optional tag name, tac
description and tag group
Pressure Pressure value bar(a) 0..2800 1.01325
Tenperature | Temperature value °C -150..+4D 0
Composition | Standard ~ composition  a; mol/mol | COMP 0.1 0
defined in section 'Standard ge
composition.
neo-Pentane | Determines what to do wher - NEOC5_MODE 1
mode component neePentane is
larger than zero
1: Add to iPentane
2: Add to nPentane
3: Neglect

Function
outputs
Status 0: Normal STS
1: Input argument out of range FIOOR
2: Calculation error CALCERR
3: No convergence NOMNV
4: Mole fractions do not add up t COMPERF
1.0 +0.0001
Compressibility z 1
factor
Mass Density kg/m3 MASDENS 0
Mole Density kmol/m3 | MOLDENS 0
Molar Mass kg/kmol | MOLMASS 0
Range 0: In Normal Range RANGE 0
All inputs are within the
'Normal Range'
1: In Extended Range
One or more inputs withm
the 'Extended Range, bu
none of the inputs outside
the Extended rang (output OOR
values have highe
uncertainty)
2: Out of Range
One or more inputs outside
the 'Extended Range
(using the AGA8 calculatio
is not recommended in this
case)
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Calculations
The calculations are as documented in the standard.

fXAGA8_M
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fxAnaloglnput

Each flow module supports a maximum of 6 analog input signals. The first 2 signals can be used as either a
mA/VDC input or as a RTD input.

The Analog input function is uséar mA and VDC inputs. For RTD inputs refer to function 'RTD Input'.

Analog signals are samplatia rate ofabout 15Hz Every calculation cycle the samples are averaged and

the average is scaled to a value in engineering units.

The output value can bequal to either the last sample or the average of the samples of the last
calculation cycle. The average is either the arithmetic mean or the Root of the Mean of the Squares (RMS),
Wherethe latter is meant for a differential pressure signal of a priméowfdevice (e.g. an orifice plate)

The input signal is considered to be faulty when the input circuitry has an open or a shattairaten
the measured value isutside a configurable range.

Note: Function fxKeypadfallback provides the option to for ce the analog input
value to a specific fallback value in case it should fail. It also provides the
option to force the input value to a keypad value e.g. upon user request.

Name Optional tag name, tag degption and
tag group
Channel number CHAN 1.6 1
Input type 1: 420 mA INPTYP 2
2: 020 mA
3:1:5VvDC
4: 05 VDC
Averaging type | 1: Arithmetic mean AVGTYP 1

2: Root Mean Square

Status 0: Nornal STS
1: Function Input argument out of range FIOOR
Percentage value | Actual percentage of scale value % PERC 0
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fxAnalogOutput

This function configures a single-20 mA output channel on the local FleXxvmodule Use function
'SetAnalogOutput' to@ntrol the actual output signal.

The output current is either set directly or gradually changed to the required set point based on the
specified filter method.

Function inputs Remark EU SWtag Range Default \
Name Optional Optional tag name, tag descriptic <Empty>
and tag group
Channel number 1.4 | CHAN 0
Filter setpoint 0..15 FILSP 0
0: No filtering
1: Fastest filter
15: Slowest filter

Function outputs | Remark Fallback

Status 0: Normal STS
1: Function Input argument out of raag FIOOR
Percentage value | The actual (and filtered) output valu % PERC 0
expressed as a percentage
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fxAP|_Dens16 1952

Density(T, P)x-->Density(15°C, equilibrium pressur¢

This function converts densityvalue at the observed temperaterand pressure to théensityat 15°C

and the equilibrium pressure (typicallyp@rg) or vice versa

The temperature conversion is accordingA8 TMIP Petroleum Measurements Tables 1952 (Also known
as AP11952 tables)rable54.

Note: this function is @ombination of the APl 1952 Tables and API 1M2Hor the calculation from

observed to standard conditions an iterative calculation is required. The rounding and truncating of input

and intermediate values is implemented such that the example calcokts specified in both standards

are exactly reproduced.

Compliance

@ ASTMIP Petroleum Measurement Tables, Metric Edition, Metric Units of Measurement, 1952

@ API MPMS 11.2.1MCompressibility Factors for Hydrocarbons: 63874 Kilograms per Cubic
Meter Range First Edition, August 1984

Name

Observedensity

Observed
temperature
Observed pressure
API| 11.2.1 rounding

Optional tag name, tac
description and tag group
Depending on the conversio
method this is theDensityeither
at the observed temperature anc
observed pressure or a5 °C
and the equilibrium pressure

0: Disabled
The calculation of the
compressibility factor F
is performed with dll
precision

1: Enabled
APIMPMS 11.2.1
rounding and truncating
rules are applied. The
compressibility factor F
is rounded to 3 decima
places as specified i
the standard.

kg/m3

°C

bar(g)

API1121R
ND

0..1300 0

-100..200 | 15

-1..150 0
0
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Equilibrium pressure The equilibrium pressure i| bar(g) | EQUIPRES 0.150 0
considered to b 0 bar(g) for
liquids which have an equilibriun
pressure less than atmospher
pressure (in compliance with Al
MPMS 12.2 par. 12.2.5.4)
Conversion method | 1: From observed to standar| CONVERS 1
conditions ON
2. From standard to observe|
condtions

Status 0: Normal - STS
1: Input argument out of range FIOOR 1
2: Calculation error CALCERF
3: No convergence NOCONV
Output Density Depending on the conversion methg kg/m3 | DENS 0
this is theDensityeither at 15 °Cand
the equilibrium pressure or at the
observed temperature and observe

pressure
CTL Volume  corection factor  for| - CTL 1
temperature.
CPL Volume correction factor for pressure - CPL 1
Value will be rounded according t
input 'API 11.2.1 rounding’
CTPL Combined volume correction factor | - CTPL 1
CTPL =CTL * CPL
F Compressibility factor - F 0
CTL calc out of With respect to the standard used fc 0
range the calculation of CTL the combinatic
of input values is:
0: In Range
1: Out of Range CTLOOR
CPL calc out of With respect to the standard used fc 0
range the calculation of CPL the combinatic
of input values is:
0: In Range
1: Out of Range CPLOOR
Calculations

The calculations depend on the carsion method.

Conversion method 1from observed to standard conditions.
The function performs the following iterative algorithm to calculate Bensityat standardconditions:

1. At the start of the iteration the initial value for Densiy[15 C, equiibrium pressure]
isset to the Observed Density. The initial CPL value is set to 1.
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2. The CTL value is determined from the Dersitjl5 C equilibriumpressure]
according toAPI1952 Table 54.

3. The Densityat [15 C equilibriumpressurejis calculated fom the Observed Density,
the new CTL value and the CPL value from the previous iteration.

4. The compressibility factor is calculated according to API MPMS 11ftbirivhe
density at [15 C,equilibriumpressure] and the '‘Observed temperaturd'API
11.2.1M roundingis enabled then the density and temperature are rounded and the
calculations are performed in accordance with the rounding and truncating rules of
the standard.

5. The CPL value is calculated from the compressibility factor and the 'Observedrgressu
and 'Equilibrium pressure' input lees.

6. TheDensityat [15 C equilibrium pressure] is calculatéy dividingthe Observed
Density by the CTL and the new CPL value.

7. Steps 2 througlf are repeated taking th®ensityvalue from stepr as the start vale
for the next iterationuntil the absolute difference between two consecutidensity
valuesis 0.000L.

Conversion method: from standard to observed conditions.
The function performstraightforward calculations to determirtbe Densityat observedconditions:

1. The CTL value is calcddtaccording to API 1952 Tabke 5

2. The compressibility factor is calculated according to API MPMS 11ftbfrivhe
input density and temperaturelf API 11.2.1M roundinig enabled then the input
density and temperaturare rounded and the calculations are performed in
accordance with the rounding and truncating rules of the standard.

3. The CPL value is calculated from the compressibility factor and the 'Observed
pressure' and 'Equilibrium pressure' inputiwes.

4. Theoutput Density(at observed temperature and pressurs)calculatedrom the
input Density and the CTL and the CPL values.
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fxAP|_Den&5C 1980

Description

Density (T, P¥--> Density (15°Gequilibrium pressurg

This function converts a density value at thisserved temperature and pressure to the density value at
15°C and the equilibrium pressure (typically O bargg)ice versa

The temperature conversion is according to -8B40, Tables 53B4A (Generalized Crude Oils) and
53B54B (Refined Oil Productgnd API MPMS 11.1 Chapter XIV Table/S8D 1984 (Lubricating Qils),
while the volume correction for pressure according to API MPMS 11.2.1M.

An iterative calculation needs to be applied to convert the observed density to the value at base
conditions.

Note: this function is a combination of AP12540 and APl 11.2.1M. For the calculation from obseryved to
standard conditions an iterative calculation is required. The rounding and truncating of input and
intermediate values is implemented such that the exanmgaéculations as specified in both standards are
exactly reproduced.

Compliance

@ APIMPMS 11.1 Volume X (API Standard 25A&hle 53A Generalized Crude Oils, Correction
of Observed Density to Density at 15%irst Edition, August 1980

@ API MPMS 11.¥olume X (API Standard 254Q)able BA- Generalized Crude Oils, Correction
of Volumeto 15°C against Density at 15Frst Edition, August 1980

@ APIMPMS 11.1 Volume X (API Standard 25A&ble 53B Generalized Products, Correction of
Observed Densi to Density at 15°€First Edition, August 1980

@ API MPMS 11.1 Volume X (API Standard 25A&ble 3B - Generalized Products, Correction of
Volume to 15°C against Density at 15 st Edition, August 1980

@ API MPMS 11.1 Volume XiWrable 53D Genegalized Lubricating Oils, Correction of Observed
Density to Density at 15*CJanuary 1982

@  APIMPMS 11.1 Volume XIVTable 58 - Generalized Lubricating Oils, Correction of Volume to
15°C against Density at 15°fanuary 1982

@ APl MPMS 11.2.1MComprestility Factors for Hydrocarbons: 638074 Kilograms per Cubic
Meter Range First Edition, August 1984
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Remark EU SW tag Range Default
inputs
Name Optional tag name, tag descriptio
and tag group
Input density | Meaning depends on the inp | kg/m3 0..1300 0
‘Conversion method'.
'‘Conversion method' = 1
Density at the observec
temperature and pressure
‘Conversion method' = 2
Density at 15 °C and th
equilibrium pressure.
Observed °C -100..200 | 15
temperature
Observed bar(g -1..150 0
pressure
Product 1: A- Crude Oil PRDTYP 1
2: B- Auto select
Selection based on density at 15 ¢
3: B- Gasoline
4: B- Transition Area
5: B- Jet Fuels
6: B- Fuel Oll
7: D- Lubricating Oil
API 2540 0: Disabled API2540RND | - 0
rounding The calculations  are¢
performed  with  full
precision and the final CT
value is rounded as

specified by input 'CT
decimal places'

1: Enabled for computational value
API2540 rounding and
truncating  rules  are
applied and, in case 0
conversion method 2
(standard to observed)
the computational value
for CTL as specified i
Table 54 is used, meanin
that the CTL value has:

4 decimal places if CTL >
5 decimal places if CTL <

2: Enabled for table value
API2540 rounding and
truncating rules are
applied and, in case 0
conversim method 2
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inputs
(standard to observed)
the table value for CTL a
specified in Table 54
meaning that the CT
value has 4 decimal place
in all cases
3: Enabled with 5 decimal places
AP#2540 rounding and
truncating  rules  are
applied, and, in case @
converson method 2
(standard to observed)
the CTL value has
decimal places in all case
Note: although not strictly,
in accordance with the
standard, this option is
more commonly usec
than option 'Enabled for
computational value'
Note: for conversion type & C N.
20aASNWSR G2 adr
the CTL factor is rounded to
RSOAYI ¢ LX I OSa
Hpnn NRBdzyRAY3IQ F
with table 53.
Hydrometer Only applies for conversion methg - HYDROCOR 0
correction WmMY CNBY 206aSH]
O2yRAGAZ2YEQ
0: Disabled
1: Enabled
APl 11.2.1M O: Disabled - API1121RND 0
rounding The calculation of the

compressibility factor F i
performed  with  full
precision
1: Enabled

APIMPMS 11.2.1M
rounding and truncating
rules are applied. The
compressibiliy factor F is
rounded to 3 decima
places as specified in th
standard.
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Function Remark EU SW tag Range Default
inputs

Equilibrium The equilibrium  pressure i bar(g) | EQUIPRES 0..150 0
pressure considered to be ®ar(g)for liquids
which have an equilibrium pressur
less than atmospheric pressure (
compliarce with API MPMS 12.

par. 12.2.5.4)
Conversion 1: From observed to standar CONVERSION 1
method conditions
2. From standard to observe
conditions
Function [REINETS EU ‘ SWtag Alarm Fallback ‘
outputs
Status 0: Normal - STS 1
1: Input agument out of range FIOOR
2: Calculation error CALCERR
3: No convergence NOCONV
Output density | Meaning depends on the inpu kg/m3 | DENS 0
'‘Conversion method'.
'Conversion method' = 1
Density at 15 °C and th
equilibrium pressure.
'Conversion method' = 2
Density at the observed
temperature and pressure
CTL Volume correction factor for - CTL 1

temperature.
Value will be rounded according t
input 'AP12540 rounding"
CPL Volume correction factor for pressure | - CPL 1
Value will be rounded accordingot
input 'API 11.2.1M rounding"

CTPL Combined volume correction factor - CTPL 1
CTPL =CTL *CPL

KO Actual value of constant KO used for C - KO 0
calculation

K1 Actual value of constant K1 used for C - K1 0
calculation

K2 Actual valueof constant K2 used for C1 - K2 0
calculation

Alpha Thermal expansion factor 1/°C ALPHA 0

F Compressibility factor - F 0

Product When input 'Product' is 'BAuto select’,| - PRDCUR 0

then the output is set to the actua
selected product of tables 53B/54




Flow - X Series Function Reference

2-55
fXxAPI_Dens15C_19¢

(enunerative value as defined for inpu
'Product’), else the output is set equi
to input 'Product'.

CTL calc out o With respect to the standard used fc 0
range the calculation of CTL the combinatic

of input values is:

0: In Range

1: Out of Range CTLOOR
CPL calc out o With respect to the standard used fc 0
range the calculation of CPL the combinatic

of input values is:

0: In Range

1: Out of Range CPLOOR
Calculations

The calculations depend on the conversion method.

Conversiormethod 1 from observed to standard conditions.
The function performs the following iterative algorithm to calculate the densitgf@renceconditions:
1. First the inputs are rounded in accordance with the AP12540 standard, provided that
API2540 roundingsienabled.

2. The hydrometer correction on the input density is applied, provided that this
correction is enabled

3. Atthe start of the iteration thelensity at [15 C,equilibriumpressure] iset equal to
the observed density and the initial CPL value issét

4. 2 KSy GKS (éL)S 2%! 42 REDUSOEQaSKdzi2YNWIAO
product range) the KO, K1 and K2 factors are determined based atetisity at [15
“C,equilibriumpressure] The Transition area is only taken in consideraiiothe 2
iteration loop, as specified in the standard.

5. The Alpha factor is calculated according from deasity at [15 C,equilibrium
pressureland the KO, K1 and K2 factor. If API2540 rounding is enabled, then the
intermediate results are rounded druncated as specifiedP12540 Table 3.

6. The CTL value is calculated accordingPt2540 Table 3 from the Alpha factor and
the differential temperature (= observed temperatugel 5°C). If AP12540 rounding is
enabled, then the intermediate results areunded or truncated as specifigdP+2540
Table 3.

7. Depending on the type of API2540 rounding the calculated CTL value is rounded to 6
decimal places or not rounded at all.

8. The densityat [15 C,equilibriumpressurejis calculated by dividing the observed
density by the new CTL value and the CPL value from the previous iteration.

9. The compressibility factor is calculated according to API MPMS 11itbfrivthe
density at [15 C,equilibriumpressure] and the '‘Observed temperaturd'API
11.2.1M roundings enabled then the density and temperature are rounded and the
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10.

11.

12.

13.

14.

15.

calculations are performed in accordance with the rounding and truncating rules of
the standard.

The CPL value is calculated from the compressibility factor and the 'Observed pressure'
and 'Equibrium pressure' input Vaes.

The density at [15C, equilibrium pressure] is calculatby dividingthe observed
density by CTL and the new CPL value.

If AP12540 rounding is enabled then thensity at [15C, equilibrium pressurefalue is
rounded to 3decimal places as specified in the standard.

Steps 4 through 1are repeated taking the density value from stEpas the starting
valueuntil the absolute difference between two consecutidensity valuess either
0.05 (or 0.07 for the transition areay 0.000001 depending of AP12540 rounding
being enabled or not.

For refined products the entire iteration loop is repeated if thensity at [15C,
equilibrium pressurepppears to be in a different product region than the observed
input density. This iequired because a different product region means different KO,
K1 and K2 factors.

When API2540 rounding is enabled, the fidahsity at [15C, equilibrium pressure$
rounded to 1 decimal place.

Conversion metho@: from standard to observed conditions
The function performstraightforward calculations to determirtbe density abbservedconditions:

1.

First the inputs are rounded in accordance with the AP12540 standard, provided that
API12540 rounding is enabled.

2 KSy GKS (&L 2 EAiINE RdSI (S QWiaQ 569 (dziilz2Y |4b. A O
product range) the KO, K1 and K2 factors are determined based on thedepsity

The Alpha factor is calculated according from the ingensityand the KO, K1 and K2

factor. If AP12540 rounding is enabjeten the intermediate results are rounded or
truncated as specifiedP+2540 Table 8.

The CTL value is calculated accordingPt2540 Table & from the Alpha factor and
the differential temperature (= observed temperatugel 5°CIf AP12540 rounding is
enabled, then the intermediate results are rounded or truncated as specdNii@540
Table H.

Depending on the type of API12540 rounding the calculated CTL value is rounded to 4
or 5 decimal places or not rounded at all.

The compressibility factor is cailated according to API MPMS 11.2.ftlvin the input
density and temperaturelf API 11.2.1M rounding enabled then the input density

and temperature are rounded and the calculations are performed in accordance with
the rounding and truncating rules tfe standard.

The CPL value is calculated from the compressibility factor and the 'Observed pressure'
and 'Equilibrium pressure' input lges.

The density at [18C, equilibrium pressure] is calculatbg multiplyingthe input
density by the CTL and thelC¥alues.

a

St SOlGAzY
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fxAP|_Dens5C NGLLPG

Description

Density (T, Px--> Density (15°C, Pe)

This function converts the density value at the observed temperature and pressure to the density value at
15°C and the equilibrium pressuoe vice versa

The temperéure correction is according to API MPMS 11.2.4:2007 (GPR27)TRvhile the pressure
correction is according to APl MPMS 11.2.2M:1984.

The calculation of the equilibrium pressure is according to GPESTRPI MPMS 11.2.2 Addendum:1994).

Compliance

@ API MPMS 11.2.4: Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E,
54E, 59E & 60E, September 2007

@ GPA TR7: Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E, 54E,
59E & 60E, September 2007

@ API MPMS Chapter 112M - 1986 (Compressibility Factors for Hydrocarbons:-830 kg/m3
Density (15°C) ang#6°C to 60°C)

@ APIMPMS 11.2.5: A Simplified Vapor Pressure Correlation for Commercial NGLs, September
2007

@ GPA THAS5: A Simplified Vapor Pressure Correlation for ConsiaENGLS, September 2007 (also
covers GPA FP5 1988)

@ APIMPMS 11.2.2 Addendum : Compressibility Factors for Hydrocarbons: Correlation of Vapor

Pressure for Commercial Natural Gas Liquids (same as GFFA1DBS)

Function inputs

Name Optional tag name, tag descriptio
and tag group
Input density Depending on the conversio| - 0..750 0
method this represents the densit
either at the observed temperature
and pressure or at 15C and the
equilibrium pressure
Obsenred Temperature at which the density i °C -100..1® | 15
temperature observed
Observed pressure | Pressure at which the density | bar(@) -1..200 0

observed



2-58

Flow - X Series Function Reference

fxAPI_Dens15C_NGL_LPG

API 11.2.4 rounding

API 11.2.2M
rounding

Equilibrium pressure
mode

Equilibrium pressure
value

GPA THRS5 rounding

P100 Correlation

0: Disabled
The calculations are
performed with full
precision and the output
values are not rounded

1: Enabled
The related values are
rounded as defined in the
standard

0: Disabled
The calculations are
performed with full
precision and the output
values are not rounded

1: Enabled
The related vhies are
rounded as defined in the

standard

1: Use Input
The value of input
'"Equilibrium pressure

value' is used for the
calculation of CPL
2: GPA TR5
The equilibrium pressure i
calculated in accordanct
with GPATR15
Only used when input 'Equilibriun
pressure mode' is set to 'Use input'.
The value will be used for th
calculation of the CPL
Only used when ‘Equilibriun
pressure modes set to 'GPA TFIP5'
0: Disabled
Full precision (no rounding
and truncating applied)
1: Enabled
Rounding as defined in
GPA TP15:1988 / Al
MPMS 11.2.2
Addendum':1994
Only used when 'Equilibriun
pressure mode is set to '@PTP15'
0: Disabled
The standard correlation i
commonly used for pure
products such as propane
butane and natural

bar(@)

API1124RND

API1122RND

EQUIPMODE

EQUIPINP

TP15RND

P100CORR
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Name Remark EU SIWACT) Rang Default
gasoline. It only requires
the relative density and the
temperature to calculate
the vapor pressure

1: Enabled
The improved correlation
requires the vapor
pressure at 100°F (37.8 °C
This method is better
suited for varied NGL mixe
Where different product
mixes could have the sam
specific gravity but
different equilibrium
pressures.

Vapor pressure al Only wused when @ilibrium | bar@ | EQUIP100F | 0..200 0
100°F pressure mode is set to 'GPA-IP
and the P100 correlation is enabled

Conversion method | 1: From observed to standar CONVMETH 1
conditions
2: From standard to observe
conditions

Function outputs

Name Remark EU SW tag Alarm Fallba
ck

Status 0: Normal - STS 1
1: Input argument out of range FIOOR
2: Calculation error CALCERR
3: No convergence NOCONV
Output density Depending on the conversion methad kg/m3 | DENS 0

this represents the density either at 1
°C and the equilibriunpressure or the
observed temperature and pressure

CTL Volume  correction  factor  for - CTL 1
temperature.

Value will be rounded according t
input 'API 11.2.4 rounding'

CPL Volume correction factor for pressure| - CPL 1
Value will be rounded accomdj to
input 'API 11.2.2M rounding'

CTPL Combined volume correction factor | - CTPL 1
CTPL=CTL *CPL
F Compressibility factor 1/bar F 0

The output value will be either
rounded or not depending input 'API




260 Flow -X Series Function Reference

fxAPI_Dens15C_NGL_LPG

Name Remark EU SW tag Alarm Fallba
ck

rounding'
Equilibrium pressure | Theequilibrium pressure calculated by bar@ | EQUIPCU 0
GPA TRS5 R

Will be set to 0 when equilibrium
pressure is below atmospheric
pressure

CTL calc out of range| With respect to the API 11.2.4 0
standard the combination of input
values is:

0: In Range CTLOOR
1: Ou of Range

The following range checks apply:
Conversion method 1: observed
standard

@ 0.21<=RD<=0.74

with RD = Input density /
999.016/CPL
-46<=T<=93°C

Table 23E reference fluid
ranges

Conversion method 1: standatsl
observed

@  351.7 <= Input @nsity <=
687.8 kg/m3

@ -46<=T<=93°C
@ Table 23E reference fluid
ranges

CPL calc out of range| With respect to APl 11.2.2M the 0
combination of input values is:
0: In Range

1: Out of Range

CPLOOR
The following range checks apply:

@ 350 <= Density5 °C <= 637
kg/m3

@ -46°C<=T<=60°C

GPA TH5 out of| Only set when the GPA TIB - 0
range calculation is enabled

With respect to the GPA T
standard the combination of input
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values is:

TP1500R
0: In Range
1: Out of Range

The following rangehecks apply:
For lower range:

@ 0.350 <= RD60 < 0.425

@  -50to (695.51*RD66O
155.51) °F

Higher range:
@  0.425<=RD60<=0.676
@ -50to0 140 °F

with RD60 being the relative density ¢
60°F

The calculations depend on the conversmethod.

Conversion method 1from observed to standard conditions.
The function performs the following iterative algorithm to calculate the densitylat®°C and the
equilibrium pressure.

1.

When API 11.2.4 rounding is enabled, the input density and teatpes values are
rounded in accordance with the standard

At the start of the iteration thedensity at L5 C equilibriumpressure] iset equal to
the observed density and the CPL value is set to 1.

First the density corrected for pressure is calculatgdilviding the observed density
by the CPL value.

The relative density corrected for pressure is calculated from the density corrected for
pressure

The relative density g60 F, equilibriumpressure]is calculated from the relative

density corrected fopressure and the observed temperatuaecording to Table 23E

The relative density dtL5 C equilibriumpressurejis calculated from the relative

density atf60 F, equilibriumpressurelconverted to 15 C according to Table 24E

The density af15™C equilibrium pressure]is calculated from the relative density at
[157C equilibriumpressure]

The CTL value is calculated by dividing the density corrected for pressure by the
density af15 C equilibriumpressure]

Depending on the value of input 'Equiiilbm pressure mode’, either value of input
'‘Equilibrium pressure value' is used or the equilibrium pressure (vapor pressure) is
calculated according to GPA-IB. Whether the GPA FB5 rounding and truncation
Nbz S& I NB | LI ASR-TRE RBRG@IRABRQ o6& Ay Lz
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10.

11.

12.

13.

14.

The compressibility factor F is caldeldaccording to APl MPMS 11.2.2Mm the
density at L5 C equilibrium pressurgand the 'Observed temperature’, with,
depending on input API 11.2.2M, rounding and truncation according to the standard.

The CPL value is calculated from the compressibility factor, the equilibrium pressure
and the 'Observed pressure' inpualue.

Thenew value fordensity at L5 C, equilibrium pressure] is calculatéy dividingthe
observed density by the CTL and CPLegalu

Steps 3 though 1are repeated taking the density value from stEpas the staring
valueuntil the absolute difference between two consecutidensity valuess less than
the convergence limit.

To avoid convergence problems different convergencediaie applied, depending
on the whether API 11.2.2M and/or GPAI®rounding is applied:

If API 11.2.2M rounding is enabled -> Limit = 0.05 kg/m3
else if GPA FB5 rounding is enabled  -> Limit = 0.005 kg/m3
else -> Limit =0.00001 kg/m3

If API11.2.4 rounding is enabled, then the density{H C equilibrium pressureis
rounded to 0.1

Conversion method: from standard to observed conditions.
The function performstraightforward calculations to determirtée density abbservedconditions:

1.

When API 11.2.4 rounding is enabled, the input density and temperature values are
rounded in accordance with the standard

The CTL value and the relative density6ft F, equilibrium pressurgare calculated
according toAPI MPMS 11.2.4 (GPA-PP) Table 6E from thedensity at L5 C,
equilibrium pressurpand the 'Observed temperature'

Depending on the value of input 'Equilibrium pressure mode', either value of input
'Equilibrium pressure value' is used or the equilibrium pressure (vapor pressure) is
cdculated according to GPA-IB.

The compressibility factor is calculated according to APl MPMSM{tbm the
density at L5 C equilibrium pressurkand the 'Observed temperature’'.

The CPL value is calculated from the compressibility factor, thditleguin pressure
and the 'Observed pressure' input value

If API 11.2.4 rounding is enabled, then the CTL value is roundéd &t equilibrium
pressurejis rounded to 0.00001

Thedensity atthe observed conditions is calculated by multiplythg densityat [15

“C equilibrium pressurgby the CTL value and the CPL value.
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fxAP|_Den20C NGLLPG

Description

Density (T, Px--> Density (20°C, Pe)

This function converts the density value at the observed temperature and pressure to the density value at
20°C and the equilibrium pressuog vice versa

The temperature correction is according to APl MPMS 11.2.4:2007 (GRA),TRhile the pressure
correction is according to APl MPMS 11.2.2M:1984.

The calculation of the equilibrium pressure is accordingRAGPL5 (APl MPMS 11.2.2 Addendum:1994).

Compliance

@ APIMPMS 11.2.4: Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E,
54E, 59E & 60E, September 2007

@ GPA TR7: Temperature Correction for the Volume of NGL and LPG Tables 2353R454E,
59E & 60E, September 2007

@ API MPMS Chapter 11.2.2M986 (Compressibility Factors for Hydrocarbons:-830 kg/m3
Density (15°C) ang#6°C to 60°C)

@ APIMPMS 11.2.5: A Simplified Vapor Pressure Correlation for Commercial NGLs, September
2007

@  GRA TP15: A Simplified Vapor Pressure Correlation for Commercial NGLs, September 2007 (also
covers GPA FP5 1988)

@ APIMPMS 11.2.2 Addendum : Compressibility Factors for Hydrocarbons: Correlation of Vapor
Pressure for Commercial Natural Gas Liquids (san@PasTH.5:1988)

Function inputs

Name Optional tag name, tag descriptio
and tag group
Input density Depending on the conversio kg/m3 0..750 0

method this represents the densit
either at the observed temperature
and pressure pat 20°C and the
equilibrium pressure

Observed Temperature at which the densit) °C -100..150 | 20
temperature is observed
Observed pressure | Pressure at which the density | bar(@) -1..200 0

observed
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API 11.2.4 rounding| O:

fxAPI Dens20C_NGL_LPG

API
rounding

11.2.2M

Equilibrium
pressure mode

Equilibrium
pressure value

GPA THS5 rounding

P100 Correlation

Disabled
The calculations are
performed  with  full

precision and the output

values are not rounded
1: Enabled

The related values are

rounded as defined in the

standard

0: Disabled
The calculations are
performed  with  full

precision ad the output

values are not rounded
1: Enabled

The related values are

rounded as defined in the

standard

1: Use Input
The value of input
'"Equilibrium pressure
value' is used for the
calculation of CPL

2: GPA TR5
The equilibrium pressure
is calculated in
accordance with GPA TI
15

Only used when input 'Equilibriun
pressure mode' is set to 0.

The value will be used for thi
calculation of the CPL

0: Disabled
Full precision (no
rounding and truncating
applied)

1: Enabled

Rounding as defined in
GPA TP15:1988 / Al
MPMS 11.2.2
Addendum'1994
0: Disabled

The standard correlatior
is commonly used fol
pure praducts such as
propane, butane and
natural gasoline. It only
requires the relative

bar(@)

API1124RNC

API1122RNC

EQUIPMODE

EQUIPINP

TP15RND

P100CORR
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Name

Remark
density and the
temperature to calculate
the vapor pressure

1: Enabled
The improved correlation
requires  the  vapor
pressure at 100°F (37.
°C). This method is bette
suited Pr varied NGL
mixes Where different
product mixes could have
the same specific gravit
but different equilibrium
pressures.

EU
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SW tag Range

Default

Vapor
100°F

pressure al

bar(a

EQUIP100F | 0..200

Conversion method

1: From observed to standar
conditions
2: Fron standard to observec

conditions

CONVMETH

Function outputs

Remark

Status

0: Normal

1: Input argument out of range
Outputs will be set tg
fallback values

2: Calculation error
Outputs will be set to
fallback values

3: No convergence within 15

iterations
Outputs will be set to
values of last iteration

EU

SW tag

Alarm
STS 1
FIOOR
CALC

NOCONV

Fallback

Output density

Depending on the conversio
method this represents the
density either at 20°C and the
equilibrium  pressure or the
observed tempeature and
pressure

kg/m3

DENS 0

CTL

Volume correction factor for
temperature.
Value will be rounded according t

input '‘API 11.2.4 rounding'

CTL 1

CPL

Volume correction factor for
pressure

Value will be rounded according t

CPL 1
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CTPL

Equilibrium pressure

CTL calc out of rang

CPL calc out of rang

input 'API 11.2.2M roundii
Combined volume correctior
factor

CTPL =CTL *CPL
Compressibility factor

The output value will be eithel
rounded or not depending inpu
'API rounding'

The equilibrium pressure
calculated ly GPA TR5

Will be set to 0 when equilibriur
pressure is below atmospheri
pressure

With respect to the API 11.2.
standard the combination of inpu

values is:
0: In Range
1: Out of Range

The following rangetecks apply:
Conversion method 1: observesd
standard

@ 021<=RD<=0.74

with RD = Input density /
999.016/CPL
46 <=T<=93°C
@ Table 23E reference flui(
ranges
Conversion method 1: standard
observed

@ 331.7 <= Input density
<= 683.6 kg/m3

@ -46<=T<893°C
Table 23E reference fluic
ranges

With respect to APl 11.2.2M th
combination of input values is:

0: In Range

1: Out of Range

The following range checks apply

@ 350 <= Density 15 °C <=
637 kg/m3

1/bar

bar(@)

CTPL

EQUIPCUF

CTLOOR

CPLOOR
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@ -46°C<=T<60°C

GPA THS5 out of| Only set when the GPA B | - 0

range

Calculations

calculation is enabled
With respect to the GPA TS
standard the combination of inpu
values is:
TP1500RK
0: In Range
1: Out of Range

The following range checks apply
For lower range:

@  0.350 <= RD60 < 0.425

@ .50 to (695.51*RD60
155.51) °F

Higher range:
@  0.425 <= RD60 <= 0.67¢
@ -50to0 140 °F

with  RD60 being the relative
density at 60°F

The calculations depend on the conversion method.

Conversion method 1from observed to standard conditions.
The function performs the following iterative algorithm to calculate the density2@t°C and the
equilibrium pressure.

1.

When API 11.2.4 rounding is enabled, the input density and temperature values are
rounded in accatance with the standard

At the start of the iteration thelensity at PO~ C equilibriumpressure] iset equal to

the observed density and the CPL value is set to 1.

First the density corrected for pressure is calculated by dividing the observed density
by the CPL value.

The relative density corrected for pressure is calculated from the density corrected for
pressure

The relative density §60 F, equilibriumpressure]is calculated from the relative
density corrected for pressure and the observed tengtere according to Table 23E
The relative density g20 C equilibriumpressurejis calculated from the relative
density at{60 F, equilibriumpressurejconverted to 20 C according to Table 24E
The density af20™C equilibriumpressure]is calculatedrom the relative density at
[207C equilibriumpressure]

The CTL value is calculated by dividing the density corrected for pressure by the
density af20 C equilibriumpressure]
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9.

10.

11.

12.

13.

14.

15.

Depending on the value of input 'Equilibrium pressure mode', either vaflirgout
'Equilibrium pressure value' is used or the equilibrium pressure (vapor pressure) is
calculated according to GPA-IB. Whether the GPA FB5 rounding and truncation
NHz S& | NB | LILJ ASR-Ck ampRMNBUyRIK I Ay Ldzi
APl 11.2.2M requirethe density af15 C equilibrium pressurk For this purpose the
relative density af15 C equilibrium pressurkis calculated according to Table 24E
from the relative density a60 F, equilibrium pressurpand at 15 C. This relative
density valuds then converted to the density §&5 C, equilibrium pressurg

The compressibility factor F is caldelhaccording to APl MPMS 11.2.2Mm the
density at L5 C equilibrium pressurkand the '‘Observed temperature’, with,
depending on input API 112M, rounding and truncation according to the standard.

The CPL value is calculated from the compressibility factor, the equilibrium pressure
and the 'Observed pressure' inpudlue.

Thenew value fordensity at O C equilibrium pressure] is calculatéy dividingthe
observed density by the CTL and CPL values.

Steps 2 though @re repeated taking the density value from si@ps the staring value
until the absolute difference between two consecutdensity valuess less tharthe
convergence limit.

To avoid convergence problems different convergence limits are applied, depending
on the whether API 11.2.2M and/or GPAT®rounding is applied:

If API 11.2.2M rounding is enabled -> Limit = 0.05 kg/m3
else if GPA FI5 rounding is enabled  -> Limit = 0.05 kg/m3
else -> Limit =0.00001 kg/m3

If API 11.2.4 rounding is enabled, then the densitj2atC equilibrium pressures
rounded to 0.1

Conversion metho@: from standard to observed conditions.
The function performstraightforward calculatios to determinethe density abbservedconditions:

1.

When API 11.2.4 rounding is enabled, the input density and temperature values are
rounded in accordance with the standard

The CTL value and the relative density6it F, equilibrium pressurgare calcuited
according toAPI MPMS 11.2.4 (GPA-PP) Table 8 from the density at 0 C,
equilibrium pressurpand the 'Observed temperature'

Depending on the value of input 'Equilibrium pressure mode', either value of input
'Equilibrium pressure value' is uber the equilibrium pressure (vapor pressure) is
calculated according to GPA-TP.

API 11.2.2M requires the density [d5C, equilibrium pressurg For this purpose the
relative density af15 ™ C, equilibrium pressurgis calculated according to TalfldE
from the relative density ai60 F, equilibrium pressurgand at 15 C. This relative
density value is then converted to the density{85 C equilibrium pressurg

The compressibility factor is calculated according to APl MPMS2M{tbm the
densty at [15 C equilibrium pressurpand the 'Observed temperature’'.

YDt !
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The CPL value is calculated from the compressibility factor, the equilibrium pressure
and the 'Observed pressure' input value

If API 11.2.4 rounding is enabled, then the CTL valueisiea at[60 F, equilibrium
pressurejis rounded to 0.00001

Thedensity atthe observed conditions is calculated by multiplythg input densityby
the CTL value and the CPL value.
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fxAP|_GravitpoF 1952

°API (T, P¥--> °API (60°Fequilibrium pressurg

This function calculates the API gravity value at the observed temperature and pressure to the API gravity
value at 60°F and the equilibrium pressure (typically O psigjce versa

The volume correction for temperature is according 1652 API Tade 5 and 6, while the volume
correction for pressurésaccording to APl MPMS 11.2.1.

Note: this function is a combination of the API 1952 Tahtel API 11.2.1. For the calculation from

observed to standard conditions an iterative calculation is reguifiéhe rounding and truncating of input
and intermediate values is implemented such that the example calculations as specified in both standards
are exactly reproduced.

Compliance

@  ASTMIP Petroleum Measurement Tables, American Edition, United States afnit
Measurement, 1952

@ API MPMS 11.2ACompressibility Factors for Hydrocarbons:9QD°API Gravity Rangé&irst
Edition, August 1984

Function inputs and outputs

Name Optional tag name, tag descriptio
andtag group
Input API gravity Depending of the conversion metho °API -20..120 0

this represents the API gravity ¢
either the observed temperature an
pressure or at 60°F and the
equilibrium pressure

Observed Temperature at which the Al gravity| °F -100..400 | 60
temperature is observed
Observed pressure | Pressure at which the API gravity | psig -10..2000 | O

observed
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API 11.2.1 rounding | O: Disabled API1121R
The calculation of the ND
compressibility factor F i
performed with full
precision

1: Enabled
APIMPMS 11.2.1 rounding
and truncating rules are
applied. The compressibilit)
factor F is rounded to &
decimal places as specifie
in the standard.

Equilibrium pressure| The  equilibrium  pressure if psig | EQUIPRES 0..2000 0
considered to be 0 psig for liquid
which havean equilibrium pressure
less than atmospheric pressure (
compliance with APl MPMS 12.2 pe¢

12.2.5.4)
Conversion method | 1: From observed to standar CONVERS 1
conditions ON
2: From standard to observe
conditions
Function Remark EU SWtag Alarm Fallback
outputs
Status 0: Normal - STS 1
1: Input argument out of range FIOOR
2: Calculation error CALC
3: No convergence NOCONV
Output API| Depending of the conversion method th °API API 0
gravity represents the API gravity at either at ¢

°F and the equilibrium pressure or th
observed temperature and pressure

CTL Volume corection factor for| - CTL 1
temperature.
CPL Volume correction factor for pressure | - CPL 1

Value will be rounded according to inp
'API 11.2.1 rounding™

CTPL Combined volume correction factor - CTPL 1
CTPL=CTL*CPL
F Compressibility factor - F 0
CTL calc out o With respect to the standard used for th 0
range calculation of CTL the combination
input values is:
0: In Range

1: Out of Range CTLOOR
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CPL calc out o With respect to the standard used for th 0

range

Calculations

calculation of CPL the combination

input values is:

0: In Range

1: Out of Range CPLOOR

The calculations depend on the conversion method.

Conversion metlad 1 from observed to standard conditions.
The function performs the following iterative algorithm to calculate tA®l Gravityat standard

conditions:

At the start of the iteration the initial value for APl Graaty{60 F, equilibrium
pressure] isetto the Observed API Gravity. The initial CPL value is set to 1.

The CTL value is determined from the API Gratif§0 F, equilibriumpressure]
according toAPI11952 Table 6.

The API Gravitst [60F, equilibriumpressurejis calculated from the Obsezd API
gravity, the new CTL value and the CPL value from the previous iteration.

Because API 11.2.1 requires the API gravity value &, 80e API gravity at [60,
equilibriumpressurejis calculated from the API gravity at [68 equilibrium
pressurg.

The compressibility factor is calcugataccording to APl MPMS 11.&dm the API
gravity at [60 F, equilibriumpressure] and the 'Observed temperaturé'AP| 11.2.1
roundingis enabled then the API gravity and temperature are rounded and the
calcuhtions are performed in accordance with the rounding and truncating rules of
the standard.

The CPL value is calculated from the compressibility factor and the '‘Observed pressure'
and 'Equilibrium pressure' input lees.

TheAPI Gravityat [60 F, equilibrum pressure] is calculatday dividingthe Observed

API Gravity by the CTL and the new CPL value.

Steps 2 through @re repeated taking théPI gravityalue from stef¥ as the start

value for the next iterationuntil the absolute difference between twansecutiveAPI
gravity valuess 0.01.

Conversion metho@: from standard to observed conditions.
The function performstraightforward calculations to determirtée API Gravityt observedconditions:

2.
3.

4.

The CTL value is calculated according to APl 1938 Gab

Because API 11.2.1 requires the API gravity value & ,80e API gravitst 60 Fis
calculated from the 'Input API Gravity'.

The compressibility factor is calculated according to APl MPMS Tdoththe API
gravityandthe 'Observedemperature’ If API 11.2.1 rounding enabled then the
input density and temperature are rounded and the calculations are performed in
accordance with the rounding and truncating rules of the standard.
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The CPL value is calculated from the compressibility factotten@®bserved
pressure' and 'Equilibrium pressure' inputiwes.

Theoutput API Gravityat observed temperature and pressurig)calculatedrom the

input API Gravity and the CTL and the CPL values.
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fxAP|_GravitgOF 1980

°API (T, P¥--> °API (60°Fequilibrium pressurg

This function calculates the API gravity value at the observed temperature and pressure to the API gravity
value at 60°F and the equilibrium pressure (typically O psigjce versa

The volume correction for temperature is accaonglito AP2540, Tables/6A (Generalized Crude Oils) and

5/6B (Refined Oil Products) and APl MPMS 11.1 Chapter XIIl Table 5D: 1984 (Lubricating Qils), while the
volume correction for pressure according to API MPMS 11.2.1.

Note: this function is a combitian of API12540 and API 11.2.1. For the calculation from observed to
standard conditions an iterative calculation is required. The rounding and truncating of input and
intermediate values is implemented such that the example calculations as specifiethistndards are|
exactly reproduced.

Compliance

@  APIMPMS 11.1 Volume X (API Standard 25A&ple 5A Generalized Crude Oils, Correction of
Observed API Gravity to API Gravity at 60FiFst Edition, August 1980

@ APIMPMS 11.1 Volume X (API StandaADpbTable 5B Generalized Products, Correction of
Observed API Gravity to API Gravity at 668fi#st Edition, August 1980

@ API MPMS 11.1 Volume XllTable 5D Generalized Lubricating Oils, Correction of Observed API
Gravity to API Gravity at 60°Banuary 1982

@ APIMPMS 11.1 Volume X (API Standard 25A&ple6A - Generalized Crude Oils, Correction of
Volume to 60°F against API Gravity at 60FiFst Edition, August 1980

@ APIMPMS 11.1 Volumé(API Standard 2540Yable ® - Generalized Product§orrection of
Volume to 60°F against API Gravity at 60FiFst Edition, August 1980

@ API MPMS 11.1 Volume XllTable6D - Generalized Lubricating Oils, Correction of Volume to
60°F against API Gravity at 60“R&nuary 1982

@ API MPMS 11.2ACompresbility Factors for Hydrocarbons:-®0°API| Gravity Rangé&irst
Edition, August 1984

Function inputs and outputs

Name Optional tag name, tag descriptio
and tag group
Input API gravity Depending of ie conversion methog °API -20..120 0

this represents the API gravity ¢

either the observed temperature an(

pressure or at 60°F and the

equilibrium pressure
Observed Temperature at which the API gravii °F -50..400 60
temperature is observed
Observel pressure Pressure at which the API gravity | psig -10..2000 | O
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Product

AP$2540 rounding

observed

1: A- Crude Oil

2: B- Auto select

Selection based on °API at 60 °F

3: B-Gasoline

4: B- Transition Area

5: B- Jet Fuels

6: B- Fuel Oil

7: D- Lubricating Oil

0: Disabled
The calculations are
performed with full
precision and the final CT|
value is rounded as
specified by input 'CTI
decimal places'

1: Enabled for computational value

AP#2540 rounding and
truncating rules are appliec
and, in case of conversior
method 2 (standard to
observed), the
computational value for
CTL as specified in Table 6
used, meaning that the CT,
value has:

4 decimal places if CTL >=1
5 decimal places if CTL <

2: Enabled for table value

AP#2540 rounding and
truncating rules are appliec
and, in case of conversio
method 2 (standard to
observed), thetable value
for CTL as specified in Tak
6 meaning that the CT
value has 4 decimal place
in all cases

3: Enabled with 5 decimal places

AP#2540 rounding and
truncating rules are applied
and, in case of conversio
method 2 (standard to
observed), the CTL valu
has 5 decimal places in €
cases.

fXAPI_Gravity60F_198
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PRDTYP | -

API2540R | -
ND




2-76

Flow - X Series Function Reference

fxAPI_Gravity60F 1980

Hydrometer
correction

API 11.2.1 rounding

Equilibrium pressure

Conversion method

Note: although not strictly
in accordance with the
standard, this option is
more commonly used thar
option 'Endled for
computational value'
Note: for conversion type 1
WCNRBY 206aSND
O2yRAGAZYAQ
rounded to 6 decimal place
GKSY A Y LJdzi
NB dzy RAYy 3 Q 5]
accordance with table 5.
Only aplies for conversion methoc

YMY CNBY 20aSNIY

O2yRAGAZYAQ

0: Disabled

1: Enabled

0: Disabled
The calculation of the
compressibility factor F i
performed with full
precision

1: Enabled
APIMPMS 11.2.1 roundmn
and truncating rules are
applied. The compressibilit)
factor F is rounded to &
decimal places as specifie
in the standard.

The  equilibrium pressure i

considered to be 0 psig for liquid
which have an equilibrium rpssure
less than atmospheric pressure (
compliance with API MPMS 12.2 pe¢

12.2.5.4)
1. From observed to standar
conditions
2: From standard to observe|

conditions

- HYDROCC
R

- API1121R
ND

psig | EQUIPREY 0..2000

CONVERS
ON

0
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Status 0: Normal - STS 1

1: Input argument out of range FIOOR

2: Calculation error CALC

3: No convergence NOCONV
Output API| Depending of the conversion method th °API API 0
gravity represents the API gravity at either at €

°F and the equibrium pressure or the
observed temperature and pressure
CTL Volume correction factor for
temperature.
Value will be rounded according to inpt
'AP12540 rounding'
CPL Volume correction factor for pressure | - CPL 1
Value will be rounded accoirty to input
'‘API 11.2.1 rounding™

CTL 1

CTPL Combined volume correction factor - CTPL 1
CTPL=CTL *CPL

KO Actual value of constant KO used for CQ - KO 0
calculation

K1 Actual value of constant K1 used for C - K1 0
calculation

K2 Actual \alue of constant K2 used for C] - K2 0
calculation

Alpha Thermal expansion factor 1/°F ALPHA 0

F Compressibility factor - F 0

Product When input 'Product' is 'B Auto select',| - PRDCUR 0

then the output is set to the actua
selected product of table 5B / 6l
(enumerative value as defined for inpt
'Product’), else the output is set equal t
input 'Product'.

CTL calc out o With respect to the standard used for th 0
range calculation of CTL the combination |

input values is:

0: In Range

1: Out of Rnge CTLOOR
CPL calc out o With respect to the standard used for th 0
range calculation of CPL the combination

input values is:

0: In Range

1: Out of Range CPLOOR
Calculations

The calculations depend on the conversion method.
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Converson method 1 from observed to standard conditions.
The function performs the following iterative algorithm to calculate &/ gravityat standardconditions:

1.

10.

11.

12.

13.

14.

15.

16.

17.

First the inputs are rounded in accordance with the API12540 standard, provided that
API12540 ronding is enabled.

The observed density [kg/m3] is calculated from the observed API gravity

The hydrometer correction on the observed density is applied, provided that this
correction is enabled

At the start of the iteration the initial value for densityd@PI gravityt [60 F,
equilibriumpressure] iset to respectively the observed density and the observed API
gravity. The initial CPL value is set to 1.

2 KSy GKS G(GeL)S 2%! 42 RABLSOGQaSEdzi2YNWIAOD
product rarge) the KO, K1 and K2 factors are determined based on the API gitavity
[60°F, equilibriumpressure] The Transition area is only taken in consideration in the

2" iteration loop, as specified in the standard.

The Alpha factor is calculated accordingifirthe densityat [60™ C,equilibrium
pressureland the KO, K1 and K2 factor. If API2540 rounding is enabled, then the
intermediate results are rounded or truncated as speci#d¢i2540 Table.

The CTL value is calculated accordingP42540 Tablé from the Alpha factor and
the differential temperature (= observed temperatuggs0°F) If AP12540 rounding is
enabled, then the intermediate results are rounded or truncated as sped¥ii@540
Table5.

Depending on the type of AP12540 rounding the cated&TL value is rounded to 6
decimal places or not rounded at all.

The densityat [60F, equilibriumpressurejis calculated by dividing the observed
density by the new CTL value and the CPL value from the previous iteration.

The API gravitgt [60F, equilibrium pressure]is calculated from the density §0 F,
equilibriumpressure]

The compressibility factor is calcwdataccording to API MPMS 11.2dm the API
gravity at [60 F, equilibriumpressure] and the ‘Observed temperaturd'API 11.2.1
roundingis enabled then the API gravity and temperature are rounded and the
calculations are performed in accordance with the rounding and truncating rules of
the standard.

The CPL value is calculated from the compressibility factor and the 'Observedrpress
and 'Equilibrium pressure' input lges.

The density atg0 F, equilibrium pressure] is calculatéy dividingthe observed

density by CTL and the new CPL value.

If AP12540 rounding is enabled then thiensity at O F, equilibrium pressureyalue &
rounded to 3 decimal places as specified in the standard.

The API gravitgt [60F, equilibriumpressure]is calculated from the density §0 F,
equilibriumpressure]

If AP12540 rounding is enabled then the API gratif0 F, equilibrium pressure]
value is rounded to 1 decimal place as specified in the standard.

Steps 5 through 16ére repeated taking the density value from stbpas the start
value for the next iteratioruntil the absolute difference between two consecutive

asStsSourzy
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density valuess either 0.05 (or 0.07 for the transition area) 81000001 depending of
API12540 rounding being enabled or not.

For refined products the entire iteration loop is repeated if the API gratifg0 F,
equilibrium pressurepppears to be in a different product rieg than the observed

API gravity. This is required because a different product region means different KO, K1
and K2 factors.

Conversion metho®: from standard to observed conditions.
The function performstraightforward calculations to determirtbe AR gravityat observedconditions:

1.

First the inputs are rounded in accordance with the AP12540 standard, provided that
API2540 rounding is enabled.

The density af60 F, equilibrium pressureis calculated from the input API gravity

When the type of produck & a &fi ddi2z WSt SOGQ ol dzi2zYlFGAO
product range) the KO, K1 and K2 factors are determined based on the input API
gravity

The Alpha factor is calculated according from the densif¢@t equilibrium

pressureland the KO, Kand K2 factor. If AP12540 rounding is enabled, then the
intermediate results are rounded or truncated as specified 2820 Table 6.

The CTL value is calculated according te25R0 Table 6 from the Alpha factor and
the differential temperature (= obseed temperatureg 60°F) If API12540 rounding is
enabled, then the intermediate results are rounded or truncated as specifie@ 240
Table 6.

Depending on the type of API12540 rounding the calculated CTL value is rounded to 4
or 5 decimal places or not raded at all.

The compressibility factor is calculated according to API MPMS Tothhe input
density and temperaturelf API 11.2.1 rounding enabled then the input density and
temperature are rounded and the calculations are performed in accorlavith the
rounding and truncating rules of the standard.

The CPL value is calculated from the compressibility factor and the 'Observed pressure'
and 'Equilibrium pressure' input lges.

TheAPI gravityat observed temperature and pressuiecalculatedrom the input API
gravity and the CTL and the CPL values.
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The API MPMS 11.2.1 standard consists of a printed table that contains compressibility factors to correct
hydrocarbon volumes under pressure to the corresponding volumes at qoditerium pressure for the
metered temperature.

The table contains compressibility factors related to meter temperature and API gravity at 60°F.

From the compressibility factor the volume correction for pressure is calculated according to APl MPMS
12.2.

Compliance

@ API MPMS 11.2ACompressibility Factors for Hydrocarbons:QD°API Gravity Rang&irst
Edition, August 1984

@ APl MPMS 12.2Calculation of Liquid Petroleum Quantities Measured by Turbine or
Displacement Meters

Input Data Limits
API MPMS 12.1 defines the following limits on the input values:

@  0to 90 °API
@ -20to +200 °F
@ 0 to 1500 psig.

API Rounding

The actual standard is the printed table. It also includes the 'Calculation Procedure' to obtain the table
values based on the rounding armuimcating of all input, intermediate and output values.

The function provides the option to either output the table value (including fitle API rounding and
truncating requirements) or to perform the calculation procedure without any rounding and ttingca

being applied.
Name Optional tag name, tag description ar,

tag group
API6O0 API gravity at 60°F °API 0..120 0
Observed °F -50..400 60
Temperature
Observed Pressure psig -10..2000 | O

Equilibrium Presser | The equilibrium pressure is consider¢ psig | EQUIPRES| 0..2000 0
to be O psig for liquids which have &
equilibrium  pressure less thal
atmospheric pressure (in complianc
with APl MPMS 12.2 par. 12.2.5.4)
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API 11.2.1 rounding

Status

CPL

Calculation out of
range

Calculations

fXAPI_MPMS_11 2 |
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0: Disabled APIROUND - 0

The calculation of the
compressibility factor F i
performed with full precision.
1: Enabled

APIMPMS 11.2.1 rounding
and truncating rules are
applied. The compressibilit;
factor F is rounded to &
decimal places as specified
the standard.

0: Normal STS
1: Input argument out of range
2: Calculation error

Volume correction factor for pressure
Note: to achieve compliance with Al
MPMS 12.2 the CPL value needs to
rounded to 4 decimal places.
Compressibility factor l/psi | F
The output value will rounded accordin

to input 'API 11.2.1 rounding’

With respect to the standard the inpu -

values are:

0: In Range

1: Out of Range

CPL

1
FIOOR
CALERR

1

0
OOR 0

The calculations arin either full or partial compliance with the standards, depending on whether API
rounding is enabled or not and on the actual number of decimal places for the CPL value (API MPMS 12.2
defines 4 decimal places for the CPL value). The CPL value igedlasléollows (in compliance with API

MPMS 12.2):
If Pe > 0 then
1

CPL= =

1- F QPo- Pe)
Else

1

CPl=———

1- FdPo
With:
CPL Volume correction factor for pressure -
F Compressibility factor 1/psi
Po  Observed pressure psig

Pe Equilibrium pressure psg
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Description

The APl MPMS 11.2.1M standard consists of a printed table that contains compressibility factors to
correct hydrocarbon volumes under pressure to the corresponding volumes at the equilibrium pressure

for the metered temperture.

The table contains compressibility factors related to meter temperature and density at 15°C.
This metric standard corresponds with APl MPMS 11.2.1 (the customary version)

Compliance

@ 11.2.1M- Compressibility Factors for Hydrocarbons: 63874 Kilgrams per Cubic Meter

Range First Edition, August 1984

@  API MPMS 12.2Calculation of Liquid Petroleum Quantities Measured by Turbine or

Displacement Meters

Data Limits

APl MPMS 11.2.1M defines the following limits on the input values:

@  638to 1074kg/m3
@  -30to90°C
@ 0to 103 bar(g).

It is advised not to use the standard outside these limits.

Function inputs

Name Optional tag name, tag descriptio
and tag group

Density at 15°C

Observed

temperature

Observed

pressure

Equilibrium The equilibrium  pressure il

pressure considered to be 0 bar(g) for liquio

which have an equilibrium pressur
less than atmospheric pressure (
compliance with APl MPMS 12
par. 12.2.5.4)

kg/m3 0..1300
°C -100..200
bar(g) -1..150

bar(g) = EQUIPRES

15
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Name Remark EU SW tag Range Default
API 11.2.1M| 0O: Disabled - APIROUNLC 0
rounding The calculation of the

compressibility factor F i
performed  with  full
precision
1: Enabled

APIMPMS 11.2.1M
rounding and truncating
rules are applied. The
compressibility factor F i
rounded in accordance
with the standard.

Function outputs

Name Remark EU SW Alarm | Fallback
L fag

Status 0: Normal STS 1
1: Input argument out of range FIOOR
2: Calculation error CALC
CPL Volume correction factor for pressure - CPL 1

Note: to achieve conl@ance with APl MPM¢
12.2 the CPL value needs to be rounded t
decimal places.

F Compressibility factor 1l/bar | F 0
The output value will be either rounded ¢
not depending input 'API 11.2.1M rounding *

Calculation out of With respect tothe standard the input values - OOR | O
range are:
0: In Range

1: Out of Range
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Calculations

The calculations are in either full or partial compliance with the standards, depending on whether API
rounding is enabled or not and on the actual number of decinedgs for the CPL value (API MPMS 12.2
defines 4 decimal places for the CPL value).

The CPL value is calculated as follows (in compliance with APl MPMS 12.2):

If Pe > 0 then
1
PL= =

1- F QPo- Pe)

Else
1

CPLl= ———

1- FdPo
With:
CPL Volume correctiorfactor for pressure -
F Compressibility factor 1/bar
Po  Observed pressure bar(g)

Pe  Equilibrium pressure bar(g)
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The APl MPMS 11.2.2 standard consists of a printed table that contains compressibility factors to correct
hydrocarbon vtumes under pressure to the corresponding volumes at the equilibrium pressure for the
metered temperature.

The table contains compressibility factors related to meter temperature and the relative density at 60°F.

Compliance

@ 11.2.2- Compressibility Factsrfor Hydrocarbons: 0.35(0.637 Relative Density (60°F/60°F) and
-50°F to 140°F Metering Temperatur8econd Edition, October 1986

Input Data Limits

APl MPMS 11.2.2 defines the following limits on the input values:
@ 0.350 to 0.637 (relative density)
@ -50to 140 °F
@ 0to 2200 psig

API Rounding

The actual standard is the printed table. Also included is a 'Calculation Procedure’ that illustrates how to
obtain the table values including all required rounding and truncating of the input, intermediate and
output values.

The function provides the option to either output the table value (including all faheAPI rounding and
truncating requirements) or to perform the calculation procedure without any rounding and truncating

being applied.
Name Optional tag name, tag descriptio
and tag group
Relative density af Relative density at 60°F - 0..0. 0
60°F
Observed °F -100.300 | 60
Temperature
Observed Pressure psig -10..2500 | O
Equilibrium Pressure | The  equilibrium pressure i< psig EQUIPRE 0..2500 0
considered to be 0 psig for liquid S

which have an equilibrium pressur
less than atmospheric pressure (
compliance with API MPMS 12.2 pe
12.2.5.4)
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Function inputs Remark EU SWtag Range Default
API 11.2.2 rounding | O: Disabled APIROU | - 0
The calculation of the ND

compressibility factor F an
CPL is performed with fu
precision.

1: Enabled

APIMPMS 11.2.2 rounding an

truncating rules are applied.
The compressibility factor
is rounded to 8 decima
places with a maximum of
significant digits as specifie
in the standard.
The CPL value is rounded
4 decimal places ir
compliance with the

standard
Function REINES EU SWtag Alarm Fallback
outputs ‘
Status 0: Normal STS 1
1: Input argument out of range FIOOR
2: Calculation error CALCERF
CPL Volume correction factor for pressure - CPL 1

Value will be rounded according to input 'A
11.2.2 rounding'

F Compressibility factor l/psi | F 0
The output value will be either rounded or n
depending input 'API 11.2.2. rounding’
Range With respect to thestandard the input values - OOR 0
are:

0: In Range

1: Out of Range

Calculations
The calculations are in either full or partial compliance with the standard, depending on the selected type
of API rounding.
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The API MPMS 11.2.2M stard consists of a printed table that contains compressibility factors to
correct hydrocarbon volumes under pressure to the corresponding volumes at the equilibrium pressure
for the metered temperature.

The table contains compressibility factors relatedrieter temperature and the density at 15°C.

This metric standard corresponds with APl MPMS 11.2.2{tBecustomary version)

Compliance

@ 11.2.2M- Compressibility Factors for Hydrocarbons: 36387 Kilograms per Cubic Meter
Density (15°C) and6°C to 60C Metering TemperatureFirst Edition, October 1986

Input Data Limits

APl MPMS 11.2.2M defines the following limits on the input values:
@ 350 to 637 kg/m3
@ -46t060°C
@  0to 152 bar(g)

Name Optional tag name, tac

description and tag group
Density at 15°C kg/m3 0..750 0
Observed °C -100..150 | 60
Temperature
Observed Pressure bar(g) -1..200 0
Equilibrium Pressure | The equilibrium pressure i bar(g) EQUIPRES 0..200 0

considered to be 0 psig fo
liquids which have an
equilibrium pressure less thal
atmospheric pressure (ir
compliance with APMPMS 12.2

par. 12.2.5.4)
API 11.2.2M rounding 0: Disabled APIROUN | - 0
The calculation of the D

compressibility factor F
and CPL is performe|
with full precision.

1: Enabled
APIMPMS 11.2.2M
rounding and
truncating rules are
applied.

The  compressibility
factor F is rounded ir
accordance with the
standard.
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Remark EU SWtag Alarm Fallback
STS 1

Status 0: Normal

1: Input argument out of range FIOOR

2: Calclation error CALCERF
CPL Volume correction factor for pressure | - CPL 1

Value will be rounded according t
input 'API 11.2.2M rounding'
F Compressibility factor 1l/bar | F 0
The output value will be either rounde
or not depending input 'APl 11.2.2\

rounding'
Calculation out of| With respect to the standard the inpu - OOR 0
range values are:

0: In Range

1: Out of Range

Calculations
The calculations are in either full or partial compliance with the standard, depending on the seleaed typ
of API rounding.
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The APl MPMS 11.3.3.2 standard consists of a table with the density values (Ibm/ft3) of propylene liquid
as a function of pressure and temperature. Also part of the standard is the Calculation Procedure to
obtain thetable values.

Compliance

fxAPI_MPMS_11 3 3_

APl MPMS 13.3.2 Propylene Compressibility Tables, 1974, Reaffirmed 1997.

Input Data Limits

The Calculation Procedure APl MPM32.1.3.3.2defines the following limits on the input values:
@  30to 165°F
@  (0to1600psig

Function nputs and outputs

Function inputs Remark

EU |

Range Default

The calculated density is rounded
5 decimal places (same as tak
values).

A convergence limit of 56 lbm/ft3
will be applied as definedn the
standard.

Name Optional tag name, tag description and t
group
Observed °F 0..200 | 60
temperature
Observed pressure psia 0..2000 | O
API rounding 0: Disabled - 1
The calculations are performed wit
full precision.
A convergence limit of 1&0 Ibm/ft3
will be applied for the iterative
calculations.
1: Enabled

Status

0: Normal

1: Input argument out of range
2: Calculation error
3: No convergence

Function REINET EU SW tag Alarm
outputs
- STS

FIOOR
CALCERF
NOCONV

temperature and pressure (als

Density At the observed pressure an| Ibm/ft3 DENs 0
temperature
CTPL Volume correction factor for - CTPL 1
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Function Remark EU SW tag Alarm Fallback
outputs

referred to as the compressibilit
factor), equals the density at th
observed conditions of pressure ar|
temperature value divided by
32.6058 Ibm/scf.

The value of32.6058 Ibm/scf is
specified in  the  Calculatio
Procedure of the standard as th
propylene standard density at 60F
and the corresponding vapo

pressure.
Equilibrium Equilibrium pressure at the observe psia EQUIPRES 0
pressure temperature.

Also referred to as vapor pressure
saturated pressure

Calculation out With respect to the standard the - OOR 0
of range input values are:
0: In Range

1: Out of Range

Calculations
¢CKS OFtOdzZ FdAaz2ya NB Ay FdzZt 2N LI NIANBIFRYXMERDY OS A GK (K
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Relative Density (T, R}-> Relative Density (60°Equilibrium pressure

This function converts a relative density value at the observed temperature and pressure to the relative

density at 60°F and the equilibrium pressiftypically O psig)r vice versa

The temperature conversion is according to -2B40, Tables 2824A (Generalized Crude Oils) and
23B24B (Refined Oil Products), while the volume correction for pressure according to API MPMS 11.2.1.
In 1982 API publigd tables 5D, 6D, 53D and 54D for lubricating oil products as part of API MPMS 11.1.
Although tables 2B and 24 are not covered in an official API standard the FXvseries of flow
computer supports tables 23D and 24D as well by combining the calcutstiables 23A/B and 24A/B

with the KO and K1 constants published in the other tables for lubricating oils.

Note: this function is a combination of API2540 and API 11.2.1. For the calculation from obse
standard conditions an iterative calculatiae required. The rounding and truncating of input a
intermediate values is implemented such that the example calculations as specified in both standa
exactly reproduced.

ved to
hd
rds are

Compliance

@ API MPMS 11.1 Volume X (API Standard 25A&Ble 23A Generdized Crude Oils, Correction
of Observed Relative Density to Relative Density at 60/6B#Bt Edition, August 1980

@ API MPMS 11.1 Volume X (API Standard 25A&Ble 23B Generalized Products, Correction of

Observed Relative Density to Relative Dersit§0/60°F First Edition, August 1980

@ APIMPMS 11.1 Volumé(API Standard 2540)able 24 - Generalized Crude Oils, Correction
of Volume to 60°F against Relative Density at 60/6FiFst Edition, August 1980

@ APIMPMS 11.1 Volumé(API Standard 28)- Table 248 - Generalized ProductSorrection of
Volume to 60°F against Relative Density at 60/6FiFst Edition, August 1980

@ API MPMS 11.2ACompressibility Factors for Hydrocarbons:QD°API Gravity Rang&irst
Edition, August 1984
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Name Optional  tag name, tag

description and tag group
Input relative | Depending on the conversio| - 0..1.3 0
density method this is the relative densit)

either at the observed
temperature  and  observec
pressure or at 60°F and the
equilibrium pressure

Observed °F -100..400 | 60
temperature

Observed pressure psig -10..2000 | O
Product 1: A- Crude Oil PRDTYP - 1

2: B- Auto select
Selection based on relative

density at 60 °F

3: B- Gasoline

4: B- Transition Area

5: B- Jet Fuels

6: B- Fuel QOil

7: D- Lubricating Oil

0: Disabled API2540RND| - 0
The calculations are
performed  with  full
precision and the final
CTL value is rounded &
specified by input 'CTI
decimal places’

1: Enabled for computationa

value

AP12540 rounding

AP$2540 rounding and
truncating rules are
applied and, in case o
conversion method 2
(standard to observed)
the computational
value for CTL a
specified in Table 24 i
used, meaning that the
CTL value has:

4 decimal places if CT
>=1

5 decimal places CTL <
1.

2: Enabled for table value
AP#2540 rounding and
truncating rules are
applied and, in case o
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Hydrometer
correction

conversion method 2
(standard to observed)
the table value for CTL
as specified in Table 2
meaning that the CTI
value has 4 decima
places in all cases

3: Enabled with 5 decimal places

Only applies for conversiol -

method
YmyY

AP$2540 rounding and
truncating rules are
applied, and, in case @
conversion method 2
(standard to observed)
the CTL value has
decimal places in al
cases.

Note: although not
strictly in accordance
with the gandard, this
option is more
commonly used than
option 'Enabled for
computational value'
Note: for conversion
eSS m WCN
G2 adryRI NI
the CTL factor g
rounded to 6 decimal
LX I 0Sa 6KSy
Hpnn NEBdzy R
in accordance th
table 23.

CNRY 206aS8N

O2yRAGAZYAEQ
0: Disabled
1: Enabled

fxAP|_RD60F_198
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API 11.2.1 rounding| O: Disabled

Equilibrium pressure

Conversion method

Status

Output
density

CTL

CPL

CTPL
KO

K1

relative

The calculation of the
compressibility factor F
is perbrmed with full
precision
1: Enabled

APIMPMS 11.2.1
rounding and truncating
rules are applied. The
compressibility factor F
is rounded to 3 decima
places as specified il
the standard.

The equilibrium pressure i
corsidered to be 0 psig for liquid
which have an equilibrium
pressure less than atmospher
pressure (in compliance with AF
MPMS 12.2 par. 12.2.5.4)

1: From observed to standar
conditions

2: From standard to obseed
conditions

0: Normal

1: Input argument out of range
2: Calculation error

3: No convergence

psig

Depending on the conversion itied | -
this is the relative density either at 6
°F and the equilibrium pressure or ¢

the observed temperature
observed pressure

Volume correction factor
temperature.

anc

for -

Value will be rounded according t

input 'AP12540 rounding'

Volume correction factor for pressure

Value will be rounded according t

input 'API 11.2.1 rounding'

Combined volume correction factor

CTPL=CTL*CPL

Actual value of constant KO used for C

calculation

Actual value of constant K1 used for C

calculation

API1121RND

EQUIPRES

CONVERSIOI

STS

RD

CTL

CPL

CTPL
KO

K1

0..2000

FIOOR
CALCERF
NOCONV

0
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K2
Alpha

F
Product

CTL calc out
range

CPL calc out
range

Cdculations
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Actual value of constant K2 used for C - K2 0
calculation

Thermal expansion factor 1/°F | ALPHA 0
Compressibility factor - F 0
When input 'Product' is 'BAuto select’,| - PRDCUFR 0

then the output is set to the actua
selected product of table 23B/24|
(enumerative value as defined for inpt
'Product’), else the output is set equi
to input 'Product'.
o With respect to the standard used fc 0
the calculaton of CTL the combinatiol
of input values is:
0: In Range
1: Out of Range CTLOOR
0 With respect to the standard used fc 0
the calculation of CPL the combinatic
of input values is:
0: In Range
1: Out of Range CPLOOR

The calculations depend on the conversion method.

Conversion method 1from observed to standard conditions.
The function performs the following iterative algorithm to calculate tiedative densityat standard

conditions:

First the inputs areounded in accordance with the AP12540 standard, provided that
API2540 rounding is enabled.

The observed density [kg/m3] is calculated from the observed relative density

The hydrometer correction on the observed density is applied, provided that this
correction is enabled

At the start of the iteration the initial value for density and relative denattj60 F,
equilibriumpressure] iset to respectively the observed density and the observed
relative density. The initial CPL value is set to 1.

WhenthetyJS 2 F LINPRdOdzi 2 3a86806i@ &L dzi2YIGAOD
product range) the KO, K1 and K2 factors are determined based on the relative density
at [60"F, equilibriumpressure] The Transition area is only taken in consideration in

the 2" iteration loop, as specified in the standard.

The Alpha factor is calculated according from the deraif0 C,equilibrium
pressureland the KO, K1 and K2 factor. If API2540 rounding is enabled, then the
intermediate results are rounded or truncates specified\P+2540 Tableg3.

The CTL value is calculated accordingPt2540 Table€3 from the Alpha factor and
the differential temperature (= observed temperatuges0°F) If AP12540 rounding is
enabled, then the intermediate results are roundedtuncated as specifieAP+2540
Table23.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Depending on the type of API12540 rounding the calculated CTL value is rounded to 6
decimal places or not rounded at all.

The densityat [60 F, equilibriumpressureljis calculated by dividing the observed
densityby the new CTL value and the CPL value from the previous iteration.

The relative densitat [60 F, equilibriumpressure]is calculated from the density at
[60°F, equilibriumpressure]

Because API 11.2.1 requires the API gravity value & ,60e APl mvity at [60 F,
equilibriumpressurejis calculated from the density at [6®, equilibriumpressure]

The compressibility factor is calcudataccording to API MPMS 11.2&dm the API
gravity at [60 F, equilibriumpressure] and the 'Observed temperatu If APl 11.2.1
roundingis enabled then the API gravity and temperature are rounded and the
calculations are performed in accordance with the rounding and truncating rules of
the standard.

The CPL value is calculated from the compressibility factotren®bserved pressure'
and 'Equilibrium pressure' input lges.

The density atg0 F, equilibrium pressure] is calculatéy dividingthe observed
density by CTL and the new CPL value.

If AP12540 rounding is enabled then thiensity at O F, equilibrum pressure}alue is
rounded to 3 decimal places as specified in the standard.

The relative densitat [60 F, equilibriumpressure]is calculated from the density at
[60°F, equilibriumpressure]

If AP12540 rounding is enabled then the relative deretifys0 F, equilibrium pressure]
value is rounded to 4 decimal places as specified in the standard.

Steps 5 through 1@re repeated taking the density value from stbpas the start
value for the next iteratiomntil the absolute difference between two cossutive
density valuess either 0.05 (or 0.07 for the transition area) @000001 depending of
API12540 rounding being enabled or not.

For refined products the entire iteration loop is repeated if the relative deragity
[60°F, equilibrium pressuredppears to be in a different product region than the

observed relative density. This is required because a different product region means
different KO, K1 and K2 factors.

If API 11.2.4 rounding is enabled, then the relative density val{@0aE, equilibrium
pressurejis rounded to 0.0001

Conversion metho@: from standard to observed conditions.
The function performsstraightforward calculations to determin¢he relative density at observed

conditions:

First the inputs are rounded in accordance with the AR®standard, provided that
API2540 rounding is enabled.

The density af60 F, equilibrium pressurejs calculated from the input relative density

2 KSy (GKS Gells 2%! 42 RADTHSOaAQaSKHdzi2YNWIAD

product range) the & K1 and K2 factors are determined based on the input relative
density

a

$180iA2Y
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The Alpha factor is calculated according from the densifg@t~, equilibrium
pressureland the KO, K1 and K2 factor. If AP12540 rounding is enabled, then the
intermediate results a rounded or truncated as specified AF540 Table 24.

The CTL value is calculated according te25R0 Table 24 from the Alpha factor and
the differential temperature (= observed temperatuggs0°F) If AP12540 rounding is
enabled, then the intermediateesults are rounded or truncated as specified-2840
Table 24.

Depending on the type of API12540 rounding the calculated CTL value is rounded to 4
or 5 decimal places or not rounded at all.

Because API 11.2.1 requires the API gravity value & ,6be Al gravity at [60F,
equilibriumpressurejis calculated from the density at [6®, equilibriumpressure]

The compressibility factor is calculated according to API MPMS Thothhe input
density and temperaturelf APl 11.2.1 roundinig enabled tlen the input density and

temperature are rounded and the calculations are performed in accordance with the
rounding and truncating rules of the standard.

The CPL value is calculated from the compressibility factor and the 'Observed pressure'

and 'Equilibrim pressure' input Vaes.
Therelative densityat observed temperature and pressuiecalculatedrom the
input relative density and the CTL and the CPL values.
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fxAP| SGBOF 1952

Specific GravityT, P)x--> Specific Gravitf60°F equilibrium pressue)

This function converts apecific gravitwalue at the observed temperature and pressure to gpecific
gravityat 60°F and the equilibrium pressure (typically O psig)ice versa

The temperature conversion is accordingA8 TMIP Petroleum Measements Tables 1952 (Also known
as AP11952 tables)rable24.

Note: this function is a combination tife APl 195Z ablesand API 11.2.1. For the calculation from
observed to standard conditions an iterative calculation is required. The rounding arwhting of input

and intermediate values is implemented such that the example calculations as specified in both standards

are exactly reproduced.

Compliance

@ ASTMIP Petroleum Measurement Tables, American Edition, United States Units of
Measurement, 1952

@ API MPMS 11.2.4Compressibility Factors for Hydrocarbons:9QD°API Gravity Rang&irst
Edition, August 1984

Name

Input Specific
Gravity

Observed
temperature
Observed pressure

Optional  tag name, tag
description and tag group
Depending on the conversion - 0..1.3 0
method this is theSpecific Gravity
either at the observed
temperature  and  observec
pressure or at 60°F and the
equilibrium pressure
°F -100..400 | 60

psig -10..2000 | O
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API 11.2.1aunding

Equilibrium pressure

Conver®n method

Status

Output Specific
Gravity

CTL

CPL

CTPL

F
CTL calc out o
range

0: Disabled -
The calculation of the
compressibility factor F
is performed with full
precision

1: Enabled
APIMPMS 11.2.1
rounding and truncating
rules are applied. The
compressibility factor F
is rounded to 3 decima
places as specified il
the standard.

fxAP|_SG60F_19¢

API1121RND

The equilibrium pressure il psig | EQUIPRES

considered to be 0 psig for liquid
which  have an equilibrium
pressure less than atmospher
pressure (in compliance with AF
MPMS 12.2 par. 12.2.5.4)

1: From observed to standar|
conditions

2: From standard to observel
conditions

0: Normal

1: Input argument out of range

2: Calculation error

3: No convergence

Depending on the conversion metho
this is the Specific Gravitgeither at 60
°F and the equilibrium pressure or ¢
the observed temperature anc
observed pressure

Volume corection factor for
temperature.

Volume correction factor for pressure
Value will be rounded according t
input 'API 11.2.1 rounding'

Combined volume correction factor
CTPL = CTL * CPL

Compressibility factor

With respect to the standard used fc
the calculation of CTL the combinatic
of input values is:

0: In Range

1: Out of Range

CONVERSIOI

STS

RD

CTL

CPL

CTPL

0..2000

FIGOR
CALCERF
NOCONV

CTLOOR

2-99
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fxAP|_SG60F 1952

CPL calc out

range

Calculations

0 With respect to the standard used fc 0
the calculation of CPL the combinatic
of input valuess:
0: In Range
1: Out of Range CPLOOR

The calculations depend on the conversion method.

Conversion method 1from observed to standard conditions.
The function performs the following iterative algorithm to calculate tBpecific Gavity at standard

conditions:

At the start of the iteration the initial value f@pecific Gravitat [60 F, equilibrium
pressure] iset tothe CbhservedSpecific GravityThe initial CPL value is set to 1.

The CTL valuedetermined from the Specific @vityat [60 F, equilibriumpressure]
accordingo API1952 Table 24

TheSpecific Gravitat [60F, equilibriumpressurejis calculated from th©bserved
specific gravitythe new CTL value and the CPL value from the previous iteration.

Because API 11Prequires the API gravity value at @8 the API gravity at [60,
equilibriumpressurejis calculated from th&pecific gravitat [60F, equilibrium
pressure]

The compressibility factor is calcugataccording to APl MPMS 11.&dm the API
gravity at [60 F, equilibriumpressure] and the ‘Observed temperaturd'AP| 11.2.1
roundingis enabled then the API gravity and temperature are rounded and the
calculations are performed in accordance with the rounding and truncating rules of
the standard.

The CPL value is calculated from the compressibility factor and the 'Observed pressure
and 'Equilibrium pressure' input lges.

TheSpecific Gravitat [60 F, equilibrium pressure] is calculatéy dividingthe
ObservedSpecific Gravitpy the CTL and theew CPL value.

Steps2 through 7are repeated taking thepecific gravitywalue from step/ as the start

value for the next iterationuntil the absolute difference between two consecutive
specific gravityaluesis 0.000L.

Conversion metho@: from stardard to observed conditions.
The function performsstraightforward calculations to determinéhe Specific Gravityat observed

conditions:

=

The CTL value is calculated according tolAB2Table 24

Because API 11.2.1 requires the API gravity value & @Be API gravity is calculated
from the 'Input Specific Gravity'.

The compressibility factor is calculated according to APl MPMS Tdoththe API
gravityandthe 'Observedemperature'.If API 11.2.1 rounding enabled then the
input density and tempeture are rounded and the calculations are performed in
accordance with the rounding and truncating rules of the standard.
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The CPL value is calculated from the compressibility factor and the '‘Observed

pressure' and 'Equilibrium pressure' inputiwes.

The output Specific Gravit{at observed temperature and pressyris calculatedrom

the input Specific Gravitgnd the CTL and the CPL values.
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fxAP|_RD60F_NGL_LPG

fxAP|_RBOF NGLLPG

Description

Relative Density (T, R-> Relative Density (60°F, Pe)

This function conues the relative density value at the observed temperature and pressure to the relative
density value at 60°F and the equilibrium pressorreice versa
The temperature correction is according to APl MPMS 11.2.4:2007 (GR3 /TBPA TR7), while the

pressure

correction is according to APl MPMS 11.2.2:1984.

The calculation of the equilibrium pressure is according to GPESTRPI MPMS 11.2.2 Addendum:1994).

Compliance

a

APl MPMS 11.2.4: Temperature Correction for the Volume of NGL and LPG Tablek 238 24
54E, 59E & 60E, September 2007

GPA TR7: Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E, 54E,
59E & 60E, September 2007

GPA TR5: Temperature Correction for the volume of Light Hydrocarlphables 24E and 23E,
1998

AR MPMS 11.2.2 Compressibility Factors for Hydrocarbons: 0.360637 Relative Density
(60°F/60°F) aneb0°F to 140°F Metering Temperatur8econd Edition, October 1986

APl MPMS 11.2.5: A Simplified Vapor Pressure Correlation for Commercial NGLsb&eptem

2007

GPA THRS5: A Simplified Vapor Pressure Correlation for Commercial NGLs, September 2007 (also
covers GPA FP5 1988)

APl MPMS 11.2.2 Addendum : Compressibility Factors for Hydrocarbons: Correlation of Vapor
Pressure for Commercial Natural Gas ldgsame as GPA-IB:1988)

Function inputs

Name Optional tag name, tag description ar

tag group
Input relative | Depending on the conversion methg - 0..0.75 0
density this represents the relative density eithe

at the obsered temperature and

pressure or at 60 F and the equilibrium

pressure
Observed Temperature at which the relative °F -100..300 | 60
temperature | density is observed
Observed Pressure at which the relative density | psia -10..2500 | O
pressure observed



Flow -X Series Function Reference

API 11.2.4
rounding

API 11.2.2
rounding

Equilibrium
pressure
mode

Equilibrium
pressure
value

GPA
rounding

THS

P100
Correhtion

0: Disabled
The calculations are performe
with full precision and the
output values are not rounded
1: Enabled
The input and output values
are rounded as defined in the
standard

0: Disaled
The calculations are performe
with full precision and the
output values are not rounded
1: Enabled
The input and output values
are rounded as defined in the
standard
1: Use Input
The value of input 'Equilihrm
pressure value' is used for th
calculation of CPL
2: GPA TR5
The equilibrium pressure i
calculated in accordance witl
GPA TH5
Only used when input ‘Equilibriun
pressure mode' is set to 'Use input'.
The vale will be used for the calculatiol
of the CPL
0: Disabled
Full precision (no rounding an
truncating applied)
1: Enabled
Rounding as defined in ' GF
TP15:1988 / APl MPMS 11.2
Addendum':1994

0: Disabled
The standard correlation i
commonly used for pure

products such as propane
butane and natural gasoline. |
only requires the relative
density and the temperature tc
calculate the vapor pressure
1: Enabled

The improved correlation
requires the vapor pressure a
100°F (37.8 °C). This method
better suited for varied NGI

psia

fxAP|_RD60F_NGL_LI|
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API1124RND

API1122RND

EQUIPMODE

EQUIPINP

TP15RND

P100CORR
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fxAPI_RD60F_NGL_LPG

mixes Where different produci
mixes could have the sam
specific gravity but different
equilibrium pressures.

Vapor

pressure  at

100°F

Conversion 1: From observed to standard condition
method 2: From standard to observed condition

Function outputs

Status 0: Normal
1: Input argument out of range
2: Calculation error
3: No convegence
Output relative | Depending on the conversio
density method this represents the
relative density either at 60 F
and the equilibrium pressure o
at the observed temperature ant
pressure
CTL Volume correction factor for
temperature.
Value will be rounded accordin
to input 'API 11.2.4 rounding'
CPL Volume correction factor for
pressure
Value will be rounded accordin
to input 'API 11.2.2. rounding’

CTPL Combined valme correction
factor
CTPL=CTL *CPL

F Compressibility factor

The output value will be eithe
rounded or not depending inpu
'‘API rounding'

Equilibrium pressure| The equilibrium pressure
calculated by GPA T
Will be set to Owhen equilibrium
pressure is below atmospheri
pressure

CTL calc out of range With respect to the API 11.2.
standard the combination o
input values is:

0: In Range

psia

1/psi

psia

EQUIP100F

CONVMETH

STS

DENS

CTL

CPL

CTPL

EQUIPCUF

0..2500

FIOOR
CALCERF
NOCONV

CTLOOR

Input
Input
relative
densty
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CPL calc out of range

GPA TH5 out of
range

Calculations

1 Out of Range

The following range checks appl
@ 0.21<=RD<=0.74
@ -50.8<=T<=1994°F

@ Table 23E reference
fluid ranges

With respect to API 11.2.2M th
combination of input values is:
0: In Range

1: Out of Range

The following range checks appl
@ 350 <= Density 15 °C <
637 kg/nB
@ 46°C<=T<=60°C

Only set when the GPA 1B
calculation is enabled

With respect to the GPA T
standard the combination o]
input values is:

0: In Range
1: Out of Range

The following range checks appl
Forlower range:

@ 0.350 <= RD60 < 0.425

@ -50 to (695.51*RD66O
155.51) °F

Higher range:
@  0.425 <= RD60 <= 0.67
@  -50to 140 °F

with  RD60 being the relative
density at 60°F

The calculations depend on the conversion method.

Convasion method 1 from observed to standard conditions.

fxAP|_RD60F_NGL_LI|

2-105

CPLOOR

TP1500R

The function performs the following iterative algorithm to calculate thkative density at60 °F and the

equilibrium pressure.
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10.

When API 11.2.4 rounding is enabled, the input relative density and teaahpe
values are rounded in accordance with the standard

At the start of the iteration the relativdensity at 0™ F, equilibriumpressure] iset
equal to the observed relative density and the CPL value is set to 1.

First the relative density correctefdr pressure is calculated by dividing the observed
relative density by the CPL value.

The CTL value and the relative densitj6&t F, equilibriumpressurejis calculated
from the relative density corrected for pressure and the observed temperature
accoding to Table 23E

Depending on the value of input 'Equilibrium pressure mode', either value of input
'Equilibrium pressure value' is used or the equilibrium pressure (vapor pressure) is
calculated according to GPA-IB. Whether the GPA FP5 rounding andruncation

Nz S& | NB | LILJX ASR-Ck ampRMNBUyRIK I Ay Ldzi
The compressibility factor F is caldethaccording to API MPMS 11.2@m the
relativedensity at 0" F, equilibrium pressurgand the '‘Observed temperature’, with,
depending on inpt API 11.2.2, rounding and truncation according to the standard.

The CPL value is calculated from the compressibility factor, the equilibrium pressure
and the 'Observed pressure' inpualue.

Thenew value for relativelensity at 0 F, equilibrium presste] is calculatedy
dividingthe observed density by the CTL and CPL values.

Steps 3 though 8re repeated taking the density value from si®ps the staring value
until the absolute difference between two consecutensity valuess less tharthe
conwergence limit.

To avoid convergence problems different convergence limits are applied, depending
on the whether API 11.2.2 and/or GPATFrounding is applied:

If API 11.2.2M rounding is enabled -> Limit = 0.00005 kg/m3
else if GPA FIP5 rounding is eabled -> Limit = 0.000005 kg/m3
else -> Limit =0.000000a kg/m3

If API 11.2.4 rounding is enabled, then the relative densifg@i-, equilibrium
pressurejis rounded to 0.0001

Conversion metho@: from standard to observed conditions.
The funtion performsstraightforward calculations to determirtbe density aibbservedconditions:

1.

When API 11.2.4 rounding is enabled, the input relative density and temperature
values are rounded in accordance with the standard

The CTL value is calculated adiag toAPI MPMS 11.2.4 (GPA-BRP) Table 24E from
the density at L5 C equilibrium pressurgand the ‘Observed temperature'
Depending on the value of input 'Equilibrium pressure mode', either value of input
'Equilibrium pressure value' is used or thguilibrium pressure (vapor pressure) is
calculated according to GPA-IP.

The compressibility factor is calculated according to API MPMSTtoth the input
relative density and the 'Observed temperature'.

YDt !
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The CPL value is calculated from the compbdgy factor, the equilibrium pressure
and the 'Observed pressure' input value

If API 11.2.4 rounding is enabled, then the CTL value is roundéd &t equilibrium
pressurejis rounded to 0.00001

Therelativedensity atthe observed conditions is calated by multiplyinghe input
relative densityby the CTL value and the CPL value.
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fxAP|_Table5_1952

fxAP|_Tabls 1952

°API (T}-> °API (60°F)

This function converts an API gravity value at the observed temperature to the API gravity valueiat 60°F
accordance wittAPI 1952 Table.5

Compliance

@ ASTMIP Petroleum Measurement Tables, American Edition, United States Units of
Measurement, 1952

Name Optional tag name, tag description and t
group

Observed APl | Obsewred API gravity °API -20..120 0
Observed Temperature at which the API gravity | °F -100..400 | 60
temperature observed
Status 0: Normal - STS 1

1: Input argument out of range FIOOR

2: Calculation error CALCERF

3: No convegence NOCONV
API at 60 °F API gravity at 60°F °APl | API 0
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:

0: In Range

1: Out of Range

Calculations

The table values are the standard, so no @lattons are involved. The function performs an interpolation
between the table values that correspond to the input values.
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fxAP|_Tabls 1980

°API (T}-> °API (60°F)

This function converts an API gravity value at the observed temperature to the ARy gedue at 60°F.

The temperature conversion is according to API MPMS 11.1:1982%AP), Tables 5A (Generalized
Crude Oils) and 5B (Refined Oil Products) and API MPMS 11.1 Chapter XlII Table 5D: 1984 (Lubricating
Qils).

The function provides the opin to correct for readings taken from a hydrometer as specified in the API

2540 standard.

Compliance

@ API MPMS 11.1 Volume X (API Standard 25B@ble 5A Generalized Crude Oils, Correction of
Observed API Gravity to API Gravity at 6@FiFst EditionAugust 1980

@  APIMPMS 11.1 Volume X (API Standard 25A&ple 5B Generalized Products, Correction of
Observed API Gravity to API Gravity at 685t Edition, August 1980

@  APIMPMS 11.1 Volume X{Table 5D Generalized Lubricating Oils, CorrectarObserved API
Gravity to API Gravity at 60°Banuary 1982

Name Optional tag name, tag description ar

tag group
Observed API Observed API gravity °API -20..120 0
Observed Temperatue at which the API gravity i °F -100..400 | 60
temperature observed
Product 1: A- Crude Oill PRDTYP 1

2: B- Auto select
Selection based on °API at 60 °F
: B- Gasoline
: B- Transition Area
: B- Jet Fuels
: B- Fuel Oil
: D- Lubricating Oil

~NOo obhWw
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fXAPI_Table5_1980

Function inputs REINES EU SW tag Range Default
API12540 rounithg 0: Disabled APIROUND 0

The calculations are

performed with full precision.

A convergence limit o

0.000001 kg/m3 will be

applied for the iterative

calculations.

1: Enabled

API2540  rounding and

truncating rules are applied.

A convergence limit of 0.0

kg/m3 wil be applied as

defined in the standard.
Hydrometer 0: Disabled HYDROCOR 0
correction 1: Enabled

Remark EU SWtag Alarm Fallback
- STS 1

Status 0: Normal
1: Input argument out of range FIOOR
2: Calculation error CALCERF
3: No convergence NOCONV
API at 60 °F API gravity at 60°F °API API 0
CTL Volume correction factor for - CTL 1
temperature.
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calculation
K2 Actual value of constant K2 used for C - K2 0
calculation
Alpha Thermal expansion factor 1/°F ALPHA 0
Product When input 'Product' is 'BAuto select’,| - PRDCUR 0
then the output is set to the actua
selected product of table 5E
(enumerative value asedined for input
'Product’), else the output is set equ
to input 'Product'.
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:
0: In Range
1: Out of Range
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Calculations

The calculations are in full or patia O2 YLX Al yOS
NEBdzy RAy3aQod

fXAPI_Table5_198{

gAGK

iKS
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fxAP|_Tabls 2004

Description

°API (T, P}> °API (60°F, O psig)

This function converts an API gravity value at the observed temperature and pressure to the API gravity
value at 60F and 0 psig.

The temperature and pressure correction is according to API MPMS 11.1:2004.

An iterative calculation needs to be applied to convert the observed API gravity to the value at base

conditions.

Note: As opposed to ARB40, the 2004 standardogs not include a correction for readings taken from a
hydrometer and assumes that the equilibrium pressure is below atmospheric pressure, so taking 0 psig as

the base pressure.

Compliance

@ API MPMS 11.1 Temperature and Pressure Volume Correction Fact@srferalized Crude
Oils, Refined Products and Lubricating Oils, May 2004

Name

Observed API
Observed
temperatue
Observed pressure

Product

Optional tag name, tag descriptio
and tag group

Observed API gravity °API
Temperature at which the API gravi| °F
is observed

Pressure at which the API gravity psig
observed
1: A- Crude Oil PRDTYP
2: B- Auto select
Selection based on °API at 60 °F
: B- Gasoline
: B- Transition Area
: B- Jet Fuels
: B- Fuel Oil
: D- Lubricating Oill

~NOoO 0ok Ww

-20..120 0

-100..400 | 60

-10..2000 | O
1
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Function inputs Remark EU SWtag Range
API rounding 0: Disabled APIROUND 0
The calculations are
performed with full
precision and the final CT
CPL and CTPL values
rounded as specified by th
inputs 'CTL / CPL/ CT
decimal places'
1: Enabled
The input and output value
are rounded in compliance
with the standard. The CT
CPL and CTPL value ¢
rounded to 5 decima
places.
Function Remark EU SWtag Alarm Fallback
outputs
Status 0: Normal - STS
1: Input argunent out of range FIOOR
2: Calculation error CALCERF
3: No convergence within 15 iterations NOCONYV
APl at 60 °F | API gravity at 60°F and O psig - API 0
CTL Volume correction factor for temperature. | - CTL 1
Value will be rounded according to inp
'API punding'
CPL Volume correction factor for pressure - CPL 1
Value will be rounded according to inp
'API rounding'
CTPL Combined volume correction factor - CTPL 1
CTPL =CTL * CPL
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calculation
K2 Actual value of constant K2 used for C - K2 0
calculation
Alpha Thermal expansion factor 1/°C | ALPHA 0
F Compressibility factor llpsi | F 0
Product When input 'Product’ is 'B Auto select',| - PRDCUR 0
then the output is set to the actual selecte
product of table B (enumerative value ¢
defined for input 'Product’), else the outpu
is set equal to input 'Product'.
Calculation With respect to the standard the inpu - OOR 0
out of range values are:




2-114

Flow - X Series Function Reference
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Function Remark EU SWtag Alarm Fallback

outputs
0: In Range
1: Out of Range

Calculations
The calculations are in either full or partial compliance with the standard, depending on whether API
rounding is enabled or not.
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fxAP| Table6 1952

°API (60°F, O psigp> CTL

This functio calculates the volume correction factor for temperature from the API gravity value at 60°F
and the observedemperatureaccording toAPI 1952 Table 6.

Compliance
@ ASTMIP Petroleum Measurement Tables, American Edition, United States Units of
Measurement, 1952

Input Data Limits
Table 6 contains values for the following range:

Input value Normal Range | EU

API Gravity at 6€F 0..100 °API
Observed temperature 0..300 °F

Note that the table does not cover the full range, e.g. for an API gravity dfie@able only specifies
values between 0 .. 15

Function inputs and outputs

Function inputs Remark EU SWtag Range Default
Name Optional tag name, tag descriptio
and tag group
APl at 60 °F APl gravity at 60°F and th °API -20..120 0
equilibrium pressure
Observed temperature °F -100..400 | 60
Function Remark EU  SWtag Alarm Fallback
outputs
Status 0: Normal - STS 1
1: Input argument out of range FIOOR
2: Calculation error CALC
CTL Volume correction factor for temperature. - CTL 1
Calcuation out | With respect to the standard the input value - OOR 0
of range are:
0: In Range
1: Out of Range

Calculations

The table values are the standard, so no calculations are involved. The function performs an interpolation
between the table values #t correspond to the input values.
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fxAP|_Tablé_1980

°API (60°F, O psigy CTL

This function calculates the volume correction factor for temperature from the API gravity value at 60°F
and the observed temperature.

The temperature conversion is accardito AP2540, Tables 6A (Generalized Crude Qils) and 6B (Refined
Qil Products) and API MPMS 11.1 Chapter Xlll Table 6D: 1984 (Lubricating Qils).

Compliance

@ APIMPMS 11.1 Volume X (API Standard 25A&hle 6A Generalized Crude Oils, Correction of
Volume to 60°F against API Gravity at 60Fkst Edition, August 1980

@ API MPMS 11.1 Volume X (API Standard 25A@ple 6B Generalized Products, Correction of
Volume to 60°F against AP| Gravity at 6@FiFst Edition, August 1980

@ API MPMS 11.1 Volume IXdITable 6D Generalized Lubricating Oils, Correction of Volume to
60°F Against API Gravity at 60January 1982

Function inputs and outputs

Name Optional tag name, tag descriptio
and tag group

AR at 60 °F APl gravity at 60°F and th °API -20..120 0
equilibrium pressure

Observed °F -100..400 | 60

temperature

Product 1: A- Crude Oil PRDTYP - 1

: B- Auto select

Selection based on °API at 60 °F

: B- Gasoline

: B- Transition Area

: B- Jet Fuels

: B- Fuel Oil

: D- Lubricating Oil

N

~NOoO oA w
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fXAPI_Table6_198{

Function inputs | Remark EU SWtag Range | Default

API2540 rounding | O: Disabled APIROUND| - 0
The calculations are
performed with full
precision and the final CT,
value is rounded as
specified by input 'CT
decimal places'

1: Enabled for computational value
AP$2540 roundng and
truncating rules are
applied and the
computational value for
CTL as specified in th
standard is used, meanin
that the CTL value has:

4 decimal places if CTL >=
5 decimal places if CTL <

2: Enabled for table value
AP#2540 rounding and
truncating rules are
applied and theable value
for CTL as specified in th
standard meaning that the
CTL value has 4 decim
places in all case

3: Enabled with 5 decimal places
AP#2540 rounding and
truncating rules are
applied, while the CT
value has Secimal places
in all cases.

Note: although not strictly,
in accordance with the
standard, this option is
more commonly used thar
option 'Enabled for
computational value'

Function ‘ Remark EU ‘ SWtag Alarm ‘ Fallback
outputs
Status 0: Normal - STS 1
1: Input argument out of range FIOOR
2: Calculation error CALC
CTL Volume correction factor for temperature. | - CTL 1
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fXAPI_Table6_1980

Function REINES EU SWtag Alarm
outputs
Value will be rounded according to inp
'AP12540 rounding'
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calculation
K2 Actual value of constant K2 used for C - K2 0
calculation
Alpha Thermal expansion factor 1/°F | ALPHA 0
Product When input 'Product' is 'BAuto select’, then| - PRDCUR 0
the output is set to the etual selected
product of table 6B (enumerative value
defined for input 'Product’), else the outpu
is set equal to input 'Product'.
Calculation With respect to the standard the input valug - OOR 0
out of range | are:
0: In Range
1: Out of Range

Calculations
¢KS OFfOdAf FdAaz2ya |NB Ay TFdzf ¢
NBdzy RAY3IQd
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Description

fxAPI_Table6_200;

2-119

°API (60°F, O psigp °API (T, P)

This function converts an API gravity value at 60°%F @Gupsig to the API gravity value at the observed

temperature and pressure.

The temperature and pressure correction is according to API MPMS 11.1:2004.
Note: As opposed to ARB40 that the equilibrium pressure is below atmospheric pressure, so taking 0

psig as the base pressure.

Compliance

@ APIMPMS 11.1 Temperature and Pressure Volume Correction Factors for Generalized Crude
Qils, Refined Products and Lubricating Oils, May 2004

Name

API at 60 °F
Observed
temperature

Observed pressure

Product

API rounding

Optional tag name, taglescription
and tag group

API gravity at 60°F and 0 psig
Temperature at which the API gravii
is observed

Pressure at which the API gravity
observed

1:
2:

OoONO U1l bW

A- Crude Oil

B- Auto select

Selection based on °API at 60 °F
: B- Gasoline

. B- Transition Area

: B- Jet Fuels

: B- Fuel Ol

: D- Lubricating Oill

: Disabled

The calculations are
performed with  full
precision

: Enabled

The input and output
values are rounded ir
compliance  with  the
standard. The CTL, CPL &
CTPL value are rounded 1
5 decimal places.

°API
°F

psig

PRDTYP

APIROUND

-20..120 | O

-100..400 | 60

-10..2000 | O
1
0
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fxAPI_Table6_2004

Status 0: Normal - STS
1: Input argunent out of range FIOOR
2: Calculation error CALC
Observed API API gravity at the observed temperatui - API 0
and pressure
CTL Volume correction factor for - CTL 1
temperature.
CPL Volume correction factor for pressure | - CPL 1
CTPL Combinedvolume correction factor - CTPL 1
CTPL =CTL *CPL
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calculation
K2 Actual value of constant K2 used for C - K2 0
calculation
Alpha Thermal expansion factor 1/°F ALPHA 0
F Compressibility factor 1/psi F 0
Product When input 'Product’ is 'BAuto select’,| - PRDCUR 0
then the output is set to the actua
selected product of table E
(enumerative value as defined for inpt
'Product’), else the oydut is set equal to
input 'Product'.
Calculation With respect to the standard the inpu - OOR 0
of range values are:
0: In Range
1: Out of Range
Calculations

The calculations are in either full or partial compliance with the standargedging on whether API
rounding is enabled or not.
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fxAP| Table23 1952

Specific Gravitf(T)--> Specific Gravity{60°F)

This function converts apecific gravityalue at the observed temperature to trepecific gravityat 60°
according tahe API 1952 able 23.

Compliance

@ ASTMIP Petroleum Measurement Tables, American Edition, United States Units of
Measurement, 1952

Input Data Limits
Table 23 contains values for the following range:

Input value Normal Range | EU

Observed specific gravity 0.420..1.09
Observed temperature 0..150 °F

Note that the table does not cover the full range, e.g. for an Observed specific gravity of 0.420 the table
only specifies values betwedr20 .. 140F

Function inputs and outputs

Remark U Swiag  Range

Name Optional  tag name,
description and tag group

Observedspecific Specific gravityat the observed| - 0..1.3 0
gravity temperature
Observed temperature °F -100..400 | 60
Function Remark EU | SWtag Alarm Fallback
outputs
Statws 0: Normal - STS

1: Input argument out of range FIOOR
Specific gravity] Specific gravitat 60°F - RD 0
60 °F
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:

0: In Range

1: Out of Range

Calculations

The table alues are the standard, so no calculations are involved. The function performs an interpolation
between the table values that correspond to the input specific gravity and input temperature.
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fxAPI_Table23_1952

In case the combination of input values (‘Observed specific tgrauid Observed temperature’) is not

covered by the table, the output 'Specific gravity at°60is set to 0 and output 'Calculation out of range’
is setto 1.
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fxAP| Table23 1980

Relative Density (T)> Relative Density (60°F)

This function conved a relative density value at the observed temperature to the relative density at 60°.
The temperature conversion is according to -2B40, Tables 23A (Generalized Crude Oils) and 23B
(Refined Qil Products.

In 1982 API published tables 5D, 6D, 53D andfbdlubricating oil products as part of APl MPMS 11.1.
Although tables 23d and 24d are not covered in an official API standard theXFkavies of flow
computer supports tables 23D and 24D as well by combining the calculation of tables 23A/B and 24A/B
with the KO and K1 constants published in the other tables for lubricating oils.

An iterative calculation needs to be applied to convert the observed relative density to the value at base
conditions.

The function provides the option to correct for readirtgken from a hydrometer as specified in the API
2540 standard.

Compliance
@ APIMPMS 11.1 Volume X (API Standard 25A&Ble 23A Generalized Crude Oils, Correction
of Observed Relative Density to Relative Density at 60/6B#Bt Edition, August 1980

@ APIMPMS 11.1 Volume X (API Standard 25A&Ble 23B Generalized Products, Correction of
Observed Relative Density to Relative Density at 60/6BfiSt Edition, August 1980

Name Optional tag name, tag

description and tag group
Observed relative Relative density at observe| - 0..1.3 0
density temperature and pressure
Observed temperature °F -100..400 | 60
Product 1: A- Crude Oil PRDTYP 1

2: B- Auto select
Selection based on relative
density at 60 °F
3: B- Gasoline
4: B- Transition Area
5: B- Jet Fuels
6: B- Fuel Oil
7: D- Lubricating Oill
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fXAPI_Table23_1980

Function inputs ' Remark EU SW tag Range  Default

API12540 rounding 0: Disabled APIROUND 0
The calculations are
performed with full
precision.
A convergence limit o
0.000001 kg/m3 will be
applied for the iteraive
calculations.

1: Enabled
AP12540 rounding and
truncating rules are
applied.
A convergence limit o
0.05 kg/m3 will be
applied as defined in
the standard.

Hydrometer correction | 0: Disabled HYDROCOF 0
1: Enabled
Function Remak EU SWtag Alarm Fallback
outputs
Status 0: Normal - STS
1: Input argument out of range FIOOR
2: Calculation error CALC
3: No convergence NOCONV
Relative Relative density at 60°F and the equilibriu - RD 0
density 60 °F | pressure
CTL Volume correction faor for temperature. - CTL 1
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calculation
K2 Actual value of constant K2 used for C - K2 0
calculation
Alpha Thermal expansion factor 1/°F | ALPHA 0
Product When input 'Product' is 'B Auto select',| - PRDCU 0
then the output is set to the actual selecte R
product of table 23B (enumerative value
defined for input 'Product’), else the outpu
is set equal to input 'Product'.
Calculaion out | With respect to the standard the inpu - OOR 0
of range values are:
0: In Range
1: Out of Range
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fXAPI_Table23_198

Calculations

¢KS OIFtOdzA FdA2ya FNB Ay FdzZf 2N LI NIAFE O2YLX A
NEBdzy RAy3aQod



2-126

Flow - X Series Function Reference

fxAPI_Table23_2004

fxAP|_Tabl@3 2004

Descrigion

Relative Density (T, P)> Relative Density (60°F, 0 psig)

This function converts a relative density value at the observed temperature and pressure to the relative
density value at 60°F and 0 psig.

The temperature and pressure correction is acliog to APl MPMS 11.1:2004.

An iterative calculation needs to be applied to convert the observed relative density to the value at base
conditions.

Note: As opposed to ARB40, the 2004 standard does not include a correction for readings taken from a
hydrometer and assumes that the equilibrium pressure is below atmospheric pressure, so taking 0 psig as
the base pressure.

Compliance

@  API MPMS 11.1 Temperature and Pressure Volume Correction Factors for Generalized Crude
Oils, Refined Products and Lubricatdis, May 2004

Name Optional tag name, tac
description and tag group
Observed Relative Relative density at the observe - 0.13 0
density temperature and pressure
Observed Temperature at which the| °F -100..400 | 60
temperature relative density is observed
Observed pressure | Pressure at which the relativi psig -10..2000 | O
density is observed
Product 1: A- Crude Oil PRDTYP 1

2: B- Auto select
Selection based on relative
density at 60 °F
3: B- Gasoline
4: B- Transition Area
5: B- Jet Fuels
6: B- Fuel Oil
7: D- Lubricating Oil
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Function inputs Remark EU SW tag Range Default

API rounding 0: Disabled APIROUND 0
The calculations are
performed with full
precision and the fina
CTL, CPL and CT
values are rounded a
specified by the inputs
'CTL / CPL/ CTPL
decimal places'

1: Enabled
The input and output
values are rounded ir
compliance with the
standard. The CTL, C
and CTPL value ar
rounded to 5 decimal
places.

Function Alarm  Fallback
outputs
Status 0: Normal - 1
1. Inpt argument out of range
Outputs will be set to fallback values
2: Calculation error
Outputs will be set to fallback values
3: No convergence within 15 iteration
Outputs will be set to values of la:
iteration
Relative Relatie density at 60°F and 0 psig - RD 0
density
at 60 °F
CTL Volume correction factor for temperature. | - CTL 1
Value will be rounded according to input 'A
rounding'
CPL Volume correction factor for pressure - CPL 1
Value will be rounded according to input 'A
rounding'
CTPL Combined volume correction factor - CTPL 1
CTPL = CTL *CPL
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calculation
K2 Actual value of constant K2 used for C - K2 0
calculaton
Alpha Thermal expansion factor 1/°F ALPHA 0
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Function Remark EU SWtag Alarm Fallback
outputs

F Compressibility factor l/psi | F 0
Product When input 'Product’ is 'BAuto select', then| - PRDCUF 0

the output is set to the actual selecte
product of table B (enumerative value ¢
defined for input 'Prodct’), else the output
is set equal to input 'Product'.

Calculation out| With respect to the standard the input value - OOR | O
of range are:
0: In Range

1: Out of Range

Calculations

The calculations are in either full or partial compliancéhwhe standard, depending on whether API
rounding is enabled or not.
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foPI_TabIe23[|

fXAPI_Tabl@3E

Description

Relative Density (T)-> Relative Density (60°F)

This function converts the relative density value at the observed temperature to the corresponding
relative density at 60°F.
The temperature correction is according to API MPMS 11.2.4:2007 (GENTEPA TR7).

Compliance

@ APIMPMS 11.2.4: Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E,
54E, 59E & 60E, September 2007

@ GPA TR7:Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E, 54E,
59E & 60E, September 2007

@ GPA TR5: Temperature Correction for the volume of Light Hydrocarlipphables 24E and 23E,

1998

Nanme Optional tag name, tag description ar
tag group

Observed relative Relative density at the observe - 0..0.75 0

density temperature

Observed temperature | Temperature at which the relative °F -100..300 | 60
density is observed

API rounding 0: Disbled APIROUNL 0

The calculations are

performed with full precision
and the output values are no
rounded

1: Enabled
The input and output values
are rounded as defined in the
standard
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fXAPI_Table23E

Function Remark EU SWtag Alarm Fallback
outputs

Status 0: Norma - STS 1
1: Input argument out of range FIOOR
2: Calculation error CALCERI
3: No convergence NOCONV
Relative Relative density at 60°F RD 0
density at
60 °F
CTL Volume correction factor for temperature. - CTL 1
Calculation | With respet to the standard the input values are - OOR 0
out of | 0: In Range
range 1: Out of Range
Calculations

The calculations are in either full or partial compliance with the standard, depending on the selected type
of API rounding.
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fxAP| Table24 1952

Specific Gravityf60°F)--> CTL

This functionreturns the volume correction factor for temperature Ctl from tbbserved temperature
and the specific gravity &0°according tahe APl 1952 Table 24.

Compliance

@ ASTMIP Petroleum Measurement Tables, American Edition,ddritates Units of
Measurement, 1952

Input Data Limits
Table 23 contains values for the following range:

Input value Normal Range | EU

Observed specific gravity 0.500 .. 1.100
Observed temperature -50 .. +300 °F

Note that the table does not cover tHall range, e.g. for an Specific gravity at’6@f 0.500 the table only
specifies values betweesO .. 95°F

Function inputs and outputs

Remark U Swiag  Range

Name Optional  tag name,
description and tag group

Specift gravity60 °F Specific gravitat 60°F - 0..1.3 0
Observed temperature °F -100..400 | 60
Function Remark EU | SWtag Alarm Fallback
Status 0: Normal - STS

1: Input argument out of range FIOOR
CTL Volume corection factor for temperatue. - CTL 1
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:

0: In Range

1: Out of Range

Calculations

The table values are the standard, so no calculations are involved. The function performs an interpolation
between he table values that correspond to the input specific gravity and input temperature.
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fxAPI_Table24_1952

In case the combination of input values (‘Specific gravitjf6@nd Observed temperature') is not covered
by the table, the output 'CTIs set to 1 and output ‘Calctian out of range' is set to 1.
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Relative Density (60°F)> CTL

This function calculates the volume correction factor for temperature CTL from the relative density value
at 60°F and the observed temperature.
The temperature conversn is according to AR540, Tables 24A (Generalized Crude Oils) and 24B

(Refined Qil Products.

In 1982 API published tables 5D, 6D, 53D and 54D for lubricating oil products as part of APl MPMS 11.1.
Although tables 23d and 24d are not covered in an aifiéiPl standard the FleX series of flow
computer supports tables 23D and 24D as well by combining the calculation of tables 23A/B and 24A/B

with the KO and K1 constants published in the other tables for lubricating oils.

Compliance

@ APIMPMS 11.1 Volumé(API Standard 2540)able 24A Generalized Crude Oils, Correction
of Volume to 60°F against Relative Density at 60/6FiFst Edition, August 1980

@ API MPMS 11.1 Volume X (API Standard 258&Ble 24B Generalized Products, Correction of
Volume t060°F against Relative Density at 60/60F st Edition, August 1980

Name

Relative Density at 6(
°F

Observed
temperature

Product

Optional tag name, tag descriptio
and tag group
Relative density at 60°F and th -
equilibrium presare

°F

1: A- Crude Oil

2: B- Auto select

Selection based on relative densit
at 60 °F

3: B- Gasoline

4: B- Transition Area

5: B- Jet Fuels

6: B-

7: D-

PRDTYP

Fuel Oll
Lubricating Oil

0..1.3 0
-100..400 | 60
- 1
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API12540 rounding

0: Disabled

The calculations  are
performed  with  full
precision and the final
CTL value is rounded ¢
specified by input 'CTI
decimal places'

1: Enabled for computational value

AP#2540 rounding and
truncating rules are
applied and the
computational value for
CTL as specified in th
standard is used, meanin
that the CTL value has:

4 decimal places if CT
>=1

5 decimal places if CTL
1.

2: Enabled for table value

AP$2540 rounding and
truncating rules are
applied and the table
value forCTL as specifie|
in the standard meaning
that the CTL value has
decimal places in all case

3: Enabled with 5 decimal places

AP#2540 rounding and
truncating rules are
applied, while the CTI
value has 5 decima
places in all cases

Note:  although not
strictly in accordance with
the standard, this option
is more commonly usec
than option 'Enabled for
computational value'

APIROUND| -
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Function Remark EU SWtag Alarm Fallback
outputs
Status 0: Normal - STS
1: Input argument out of range FIOOR
2: Calculation epr CALCER
CTL Volume correction factor for temperature. | - CTL 1
Value will be rounded according to inp
'AP12540 rounding’
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calalation
K2 Actual value of constant K2 used for C - K2 0
calculation
Alpha Thermal expansion factor 1/°F | ALPHA 0
Product When input 'Product' is 'B Auto select',| - PRDCUR Input
then the output is set to the actual selecte Product
product of table 24B (enumerat value as
defined for input 'Product’), else the outpu
is set equal to input 'Product'.
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:
0: In Range
1: Out of Range
Calculations

The calculag ya | NB Ay FdzZt 2NJ LI NIAFE O2YLX Al yOS
NBdzy RAYy3Qd
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fxAP|_Table24_2004

fxAP|_Tabl@4 2004

Description

Relative Density (60°F, O psigy Relative Density (T, P)

This function converts a relative density value at 60°F andi@ tpsthe relative density value at the
observed temperature and pressure.
The temperature and pressure correction is according to API MPMS 11.1:2004.

Note: The 2004 standard assumes that the equilibrium pressure is below atmospheric pressure, so taking
0 psig as the base pressure.

Compliance

@  API MPMS 11.1 Temperature and Pressure Volume Correction Factors for Generalized Crude
QOils, Refined Products and Lubricating Oils, May 2004

Name

Relative density al
60 °F

Observed
temperature
Observed pressure

Product

Optional tag name, @ description
and tag group
Relative density at 60°F and 0 psi( -

Temperature at which the AF °F
gravity is observed
Pressure at which the API gravity, psig
observed
1: A- Crude Oil PRDTYP
2: B- Auto select
Selection based on relative densi
at 60 °F
3: B- Gasoline
4: B- Transition Area
5: B- Jet Fuels
6: B- Fuel Oil
7: D- Lubricating Oil

0.1.3 0

-100..400 | 60

-10..2000 | O
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Function inputs Remark EU | SWtag Range
API rounding 0: Disabled APIROUND 0
The calolations are
performed  with  full
precision and the fina
CTL, CPL and CTPL val
are rounded as specifie
by the inputs 'CTL / CP
CTPL decimal places'
1: Enabled
The input and output
values are rounded ir
compliance with the
standard. The CTL, C
and QdPL value are
rounded to 5 decimal
places.
Function Remark EU SWtag Alarm Fallback
outputs
Status 0: Normal - STS
1: Input argument out of range FIOOR
2: Calculation error CALCERI
Observed Relative density at the obseed | - RD 0
relative temperature and pressure
density
CTL Volume correction factor for temperature. | - CTL 1
Value will be rounded according to inp
'API rounding'
CPL Volume correction factor for pressure - CPL 1
Value will be rounded according to inp
'API rounding'
CTPL Combined volume correction factor - CTPL 1
CTPL=CTL *CPL
KO Actual value of constant KO used for C - KO 0
calculation
K1 Actual value of constant K1 used for C - K1 0
calculation
K2 Actual value of constant K2 used for C - K2 0
calculaton
Alpha Thermal expansion factor 1/°F | ALPHA 0
F Compressibility factor llpsi | F 0
Product When input 'Product’ is 'B Auto select’,| - PRDCUF 0
then the output is set to the actual selecte
product of table B (enumerative value ¢
defined for input 'Prodct’), else the output
is set equal to input 'Product'.
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Function Remark EU SWtag Alarm Fallback
outputs
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:
0: In Range

1: Out of Range

Calculations

The calculations are in either full or partial compliancéhwihe standard, depending on whether API
rounding is enabled or not.
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fXAPI_Tabl@4E

Description

Relative Density (60°F)> CTL

This function calculates the volume correction factor for temperature from the relative density value at
60°F and the obseged temperature.
The temperature correction is according to API MPMS 11.2.4:2007 (GENTEPA TR7).

Compliance

@ API MPMS 11.2.4: Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E,
54E, 59E & 60E, September 2007

@ GPA TR7: Tenperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E, 54E,
59E & 60E, September 2007

@ GPA TR5: Temperature Correction for the volume of Light Hydrocarlipphables 24E and 23E,

1998

Name Optional tag name, tag descriptiol
and tag group

Relative density at 6( Relative density at 60°F - 0..0.75 0
°F
Observed Temperature at which the relativg °F -100..300 | 60
temperature density is observed
API rounding 0: Disabled APIROUNL 0

The calculations are
performed with full
precision and the output
values are not rounded
1: Enabled
The input and output
values are rounded af
defined in the standard
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fXAPI_Table24E

Function Remark EU SWtag Alarm | Fallback
outputs

Status 0: Normal - STS
1: Input argument oubf range FIOOR
2: Calculation error
3: No convergence CALC

CTL Volume correction factor for temperature - CTL 1
Value will be rounded according to inputs 'A
rounding'
Calculation out| With respect to the standard the input value - OOR 0
of range are:

0: In Range

1: Out of Range

Calculations

The calculations are in either full or partial compliance with the standard, depending on the selected type
of API rounding.
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fxAP| Table® 1952

Density(T)-->Density(15°C)

This function converts densityvalue at the observed temperature to tlensityat 15°Caccording tathe
API 1952 Table 53.

Compliance
@ ASTMIP Petroleum Measurement Tables, Metric Edition, Metric Units of Measurement, 1952

Input Data Limits
Table 53 contains values for thelfaing range:

Input value Normal Range EU

Observed density 420 .. 1099 kg/m3
Observed temperature -25.. 125 °C

Note that the table does not cover the full range, e.g. for an Observed specific gravity of 0.420 the table
only specifies values betwed® .. 60°C

Function inputs and outputs

Remark EU_ Swiag Range

Name Optional tag name, tag
description and tag group
Observeddensity Density at the observed| kg/m3 0..1300 0
temperature
Observed temperature °C -100.200 | 15
Function Remark EU | SWtag Alarm Fallback
outputs
Status 0: Normal - STS
1: Input argument out of range FIOOR
Density at 15 Density at 15C kg/ | DENS15 0
°C m3
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:
0: In Rang
1: Out of Range

Calculations

The table values are the standard, so no calculations are involved. The function performs an interpolation
between the table values that correspond to the input specific gravity and input temperature.
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fXAPI_Table53_1952

In case the ambination of input values (‘Observed density' and Observed temperature') is not covered by
the table, the output 'Density at 18" is set to 0 and output ‘Calculation out of range' is set to 1.
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Density (T)}-> Density (15°C)

This finction converts a density value at the observed temperature to the density value at 15°C.

The temperature conversion is according to -2B40, Tables 53A (Generalized Crude Oils) and 53B
(Refined Oil Products) and API MPMS 11.1 Chapter XIV Table 53[Ld3&cating Oils).

The function provides the option to correct for readings taken from a hydrometer as specified in the API

2540 standard.

Compliance

@ APl MPMS 11.1 Volume X (API Standard 258&ble 53A Generalized Crude Oils, Correction
of Observedensity to Density at 15°Cirst Edition, August 1980

@ APIMPMS 11.1 Volume X (API Standard 25A&Ble 53B Generalized Products, Correction of
Observed Density to Density at 15°€rst Edition, August 1980

@ API MPMS 11.1 Volume XiWrable 53D Generalized Lubricating Oils, Correction of Observed
Density to Density at 15°QJanuary 1982

Name
Observed density

Observed temperature
Product

Optional tag name, tag
description and tag group
Density at observec kg/
temperature m3
°C
1: A- Crude Oill PRDTYP

2: B- Auto select

Selection based on density at 1
°C

3: B- Gasoline

4: B- Transition Area

5: B- Jet Fuels

6: B- Fuel Oil

7: D- Lubricating Oil

0..1300 0
-100..200 | 15
1
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fXAPI_Table53_1980

Function inputs - Remark EU  SWtag Range Default |
API12540 roundig 0: Disabled APIROUND 0

The calculations are

performed with full

precision.

A convergence limit o

0.000001 kg/m3 will

be applied for the

iterative calculations.

1: Enabled

AP}2540 rounding and

truncating rules are

applied.

A convergence limit o

0.05 kg/m3 will be

applied as defined ir

the standard.
Hydrometer correction | 0: Disabled HYDROCOR 0

1: Enabled

Function outputs

Status

Remark

0: Normal

1: Input argument out of range
2: Calculation error

3: No convergence

EU SWtag Alarm

FIOOR
CALCERF
NOCONV

Fallback

Density at 15 °C

Density at 15°C

kg/m3 | DENS15

CTL

Volume correction factor  for
temperature.

O
- CTL

KO

Actual value of constant KO used f
CTL calculation

- KO

K1

Actual value of constant K1 used fi
CTL calculatio

- K1

K2

Actual value of constant K2 used fi
CTL calculation

- K2

Alpha

Thermal expansion factor

1/°C ALPHA

Product

When input 'Product' is 'B- Auto
select', then the output is set to the
actual selected product of table 53
(enumerative vale as defined for
input 'Product’), else the output is se
equal to input 'Product'.

- PRDCUF

Calculation out of
range

With respect to the standard the inpu
values are:
0: In Range

1: Out of Range

OOR
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fxAPI_Table53_2004

fxAP|_Table532004

Description

Density (T, P)-> Density (15°C, 0 bar(g))

This function converts a density value at the observed temperature and pressure to the densityavalu
15°C and 0 bar(g).

The temperature and pressure correction is according to API MPMS 11.1:2004.

An iterative calculation needs to be applied to convert the observed density to the value at base
conditions.

Note: As opposed to ARB40, the 2004 staratd does not include a correction for readings taken from a
hydrometer and assumes that the equilibrium pressure is below atmospheric pressure, so taking 0 psig as
the base pressure.

Compliance

@  API MPMS 11.1 Temperature and Pressure Volume Correctioor&&mt Generalized Crude
Oils, Refined Products and Lubricating Oils, May 2004

Name Optional tag name, tag description ar,

tag group
Observed Density at the observed temperatur, kg/m3 0..1300 0
density and pressure
Observed Temperature at which the density i °C -100.200 | 15
temperature observed
Observed Pressure at which the density | bar(g) -1..150 0
pressure observed
Product 1: A- Crude Oil PRDTYP 1

2: B- Auto select

Selection based on density at 45
3: B- Gasoline
B- Transition Area
B- Jet Fuels
B- Fuel Oil
D-

4:
5:
6:
7: D- Lubricating Oil
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API rounding 0: Disabled APIROUND 0
The calculations are
performed with full precision
and the final CTL, CPL a
CTPL values are rounded
specified by tle inputs 'CTL /
CPL/ CTPL decimal places'

1: Enabled
The input and output values
are rounded in compliance
with the standard. The CTI
CPL and CTPL value ¢
rounded to 5 decimal places

Staus 0: Normal - STS
1: Input argument out of range FIOOR
2: Calculation error CALCERR
3: No convergence NOCONV
Density at 15| Density at 15°C and 0 bar(g) - DENS15 0
°C
CTL Volume correction factor for
temperature.
Value will be rounded according toput
'API rounding'
CPL Volume correction factor for pressure | - CPL 1
Value will be rounded according to inpt
'‘API rounding'
CTPL Combined volume correction factor
CTPL =CTL * CPL
KO Actual value of constant KO used for C
calalation
K1 Actual value of constant K1 used for C
calculation
K2 Actual value of constant K2 used for C - K2 0
calculation
Alpha Thermal expansion factor at 6¢ ! 1/°F ALPHA 0
F Compressibility factor l/bar | F
Product When irput 'Product’ is 'B Auto select’,| - PRDCUR 0
then the output is set to the actua
selected product of table B (enumerativ
value as defined for input 'Product'), els
the output is set equal to inpul
'‘Product'.
Calculation With respect tothe standard the input - OOR 0
out of range values are:

CTL 1

CTPL 1

KO 0

K1 0

o
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fXAPI_Table53_2004

Function Remark EU SWtag Alarm Fallback

outputs
0: In Range
1: Out of Range

Calculations
The calculations are in either full or partial compliance with the standard, depending on whether API
rounding is enabled or not.
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fAPI_Tables3{

fXAPI_Tabl&3E

Description

Density (T)-> Density (15°C)

This function converts the density value at the observed temperature to the corresponding density at
15°C.
The temperature correction is according to API MPMS 11.2.4:2007 (GPA.TP

Compliance

@ API MPMS 11.2.4: Temperature Correctior the Volume of NGL and LPG Tables 23E, 24E, 53E,
54E, 59E & 60E, September 2007

@ GPA TR7: Temperature Correction for the Volume of NGL and LPG Tables 23E, 24E, 53E, 54E,
59E & 60E, September 2007

Function inputs Remark EU SWtag Range Default

Name Optional tag name, tag description ar
tag group
Observed density | Density at the observed temperature | kg/m3 0..750 0
Observed Temperature at which the relativ¢ °C -100..150 | 15
temperature density is observed
API rounding 0: Disabled 0
The calcultaons are

performed with full precision
and the output values are no
rounded

1: Enabled
The input and output value
are rounded as defined in th

standard

Function Remark EU SWtag Alarm Fallback
outputs
Status 0: Normal - STS

1: Input argument out ofange FIOOR

2: Calculation error CALCERI

3: No convergence NOCONV
Density at 15°C DENS15
CTL Volume correction factor for temperature. - CTL 1
Calculation out| With respect to the standard the input value - OOR 0
of range are:

0: In Range

1: Out ofRange
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fXAPI_Table53E

Calculations

The calculations are in either full or partial compliance with the standard, depending on the selected type
of API rounding.
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fXAPI_Table541952

Density (15°C)-> CTL

This functiordeterminesthe volume correction factoror temperature CTL from the relative density value
at 15°C and the observed temperatuaecording tahe APl 1952 Table 54.

Compliance
@ ASTMIP Petroleum Measurement Tables, Metric Edition, Metric Units of Measurement, 1952

Input Data Limits
Table 54 contms values for the following range:

Input value Normal Range EU

Density at 15C 500 .. 1100 kg/m3
Observed temperature -50 .. +150 °C

Note that the table does not cover the full range, e.g. for a Density &C18 500 kg/m3the table only
specifiesvalues between50 .. 55°C

Function inputs and outputs

Function inputs Remark EU SW Range Default
B e
Name Optional tag name, tag
description and tag group

Density 15C Specific gravitat 60°F Kg/m3 0..1300 0
Observed temperature °C -100..200 | 15
Function Remark EU | SWtag Alarm Fallback
outputs ‘ ‘ ‘
Status 0: Normal - STS

1: Input argument out of range FIOOR
CTL Volume corection factor for temperature. | - CTL 1
Calculation out| With respect to the standard the inpu - OOR 0
of range values are:

0: In Range

1: Out of Range

Calculations

The table values are the standard, so no calculations are involved. The function performs an interpolation
between the table values that correspond to the input specific gravity and input temperature.
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fXAPI_Table54_1952

In case the combination of input values ('Specific gravityl6@nd Observed temperature') is not covered
by the table, the output 'CTIs set to 1 and output ‘Calculation out of range' is set to 1.
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fxAP|_Table541980

Density (15°C)-> CTL

This functdn calculates the volume correction factor for temperature CTL from the relative density value
at 15°C and the observed temperature.

The temperature conversion is according to -2B40, Tables 54A (Generalized Crude Oils) and 54B
(Refined Qil Products) aePl MPMS 11.1 Chapter XIV Table 54D: 1984 (Lubricating Oils).

Compliance

@ APIMPMS 11.1 Volume X (API Standard 25B&Ble 54A Generalized Crude Oils, Correction
of Volume to 15°C against Density at 15F#st Edition, August 1980

@ APIMPMS 11.1 VolwX (API Standard 2540)able 54B Generalized Products, Correction of
Volume to 15°C againBtensityat 15°G First Edition, August 1980

@ API MPMS 11.1 Volume XiWlable 54D Generalized Lubricating Oils, Correction of Volume to
15°C Against Densiat 15°G January 1982

Name Optional tag name, tag description ar
tag group
Density at 15| Density at 15°C and the equilibriui kg/m3 0..1300 0
°C pressure
Observed °C -100..200 | 15
temperature
Praduct 1: A- Crude Oil PRDTYP - 1
2: B- Auto select
3: B- Gasoline
4: B- Transition Area
5: B- Jet Fuels
6: B- Fuel Oil
7: D- Lubricating Oil
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fXAPI_Table54_1980

Function
inputs

API12540
rounding

Remark

0: Disabled

1: Enabled for computational value

2: Enabled for table value

3: Enabledwith 5 decimal places

EU

The calculations are performe
with full precision and the fina
CTL value isrounded as
specified by input 'CTL decim
places'

API2540 rounding and
truncating rules are appliec
and the computational value
for CTL as specified in th
standard is used, meaning thé
the CTL value has:

4 decimal faces if CTL >=1

5 decimal places if CTL <

AP12540 rounding and
truncating rules are appliec
and thetable value for CTL a
specified in the standarc
meaning that the CTL value h
4 decimal places in all cas¢

AP$2540 rounding and
truncating rules are applied
while the CTL value has
decimal places in all case

Note: although not strictly in
accordance with the standard
this option is more commonly
used than option 'Enabled fo
computational value'

SW tag

APIROUND

- 0

Function outputs Remark

Status

0: Normal
1: Input argument out of range
2: Calculation error

EU

STS

SWtag Alarm Fallback

FIOOR
CALCERI

CTL

Volume correction factor for
temperature.

Value will be rounded accordin
to input 'AP12540 rounding’

CTL

KO

Actual value of constant KO use
for CTL calculation

KO
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Remark EU___ SWtag Alam
K1 Actual value of constant K1 use - K1 0
for CTL calculation
K2 Actual value of constant K2 use - K2 0
for CTL calculation
Alpha Thermal expansiorattor 1/°C ALPHA
Product When input 'Product’ is 'BAuto | - PRDCUF
select', then the output is set tc
the actual selected product o
table 54B (enumerative value &
defined for input 'Product’), else
the output is set equal to inpu
'Product'.
Calclation out of range | With respect to the standard the - OOR
input values are:
0: In Range
1: Out of Range

Calculations
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fxAPI_Table54_2004

fxAP|_Tablg4 2004

Desciption

Density (15°C, 0 bar(g)y> Density (T, P)

This function converts a density value at 15°C and O bar(g) to the density value at the observed
temperature and pressure.
The temperature and pressure correction is according to API MPMS 11.1:2004.

Note: The 2004 standard assumes that the equilibrium pressure is below atmospheric pressure, so taking
0 psig as the base pressure.

Compliance

@  API MPMS 11.1 Temperature and Pressure Volume Correction Factors for Generalized Crude
QOils, Refined Products ahdibricating Oils, May 2004

Name Optional tag name, tag descriptio
and tag group
Density at 15 °C | Density at 15°C and 0 bar(g) kg/m3
Observed Temperature at which the density i °C
temperature observed
Observed pressure Pressure at which the density | bar(g)
observed
Product 1: A- Crude Qill
2: B- Auto select
Selection based on density at 15 |
3: B- Gasoline
4: B- Transition Area
5: B- Jet Fuels
6: B- FuelQil
7: D- Lubricating Oil
API rounding 0: Disabled
The calculations  are¢
performed  with  full
precision and the final
CTL, CPL and CTPL val
are rounded as specifie(
by the inputs 'CTL / CPI
CTPL decimal places'
1: Enabled

The input and outpu
values are rounded ir
compliance  with  the
standard. The CTL, CI
and CTPL value ar
rounded to 5 decimal

0..1300 0

-100.200 | 15

-1..150 0
PRDTYP 1
APIROUND 0


























































































































































































































































































































































































































































































































































































