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1 About these Instructions

The enCore FC1 manual has a modular design. To get an overview of the
enCore/enSuite concept, the structure of the manual, safety and risk
instructions, and the text labeling, refer to = the "Operating Instructions” of
the enCore FC manual.

The present volume describes the basic functionalities and,operation of the
Gas Quality AFB. Parameterization is explained in this document only by
way of example as the meaning of individual parameters is documenitedin
detail in the online help of enSuite.

Online help . ‘u

In enSuite, you Ilu eneral e menu item
Help — & Show onli . Open th xt-sensitive help

directWe 'ire branc! Wameterization window
with [
PN « \'

This partsf documentation is intended for specialist personnel who are
responsible for the service activities of the following tasks after the
successful assembly of the device and installation of the current enSuite
version on PC:

e  adaptation of device parameterization to the measuring task
o test ofiall data points and commissioning
o otherservice activities

The illustrations in this manual serve to depict the facts that are being

explained, and therefore may differ from the actual design depending on the
configuration of the device and enSuite.
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2 Functional Description

The Gas Quality AFB is an Application Function Block for enCore
devices. It calculates the characteristics for flow conversion according to
international calculation standards based on a fix parameterizedér a
measured gas quality. The heating values and density can for instance,be
calculated according to ISO 6976 and the conversion factor. Caceording to
the procedures based on AGA8-92 DC (ISO 12213-2),,SGERG-88

(1ISO 12213-3), AGA-NX19, GOST 30319.2 or GOST 30319.3."

The Gas Quality AFB can be used for various applieations and is thus
combined with other AFBs.

The most frequent application is the flow conversion: The flow conversion of
the enCore FC1 is based on the close interaction of the three,software
elements — Basic System, Gas ‘Quality AFB and Flofv ©onversion
AFB.

The volume at base conditions v is calculated with'the help of the gas
equation for compressibility:

p Tb 1

Vi, = VX —X — X —

b~ Myl T K

Where:

Vi volume at measurement conditions
Vb volume @tibase conditions
P pressure at measurement conditions
Pb pressure at base conditions
T temperature at measurement conditions (in Kelvin)
Tp temperature at base conditions (in Kelvin)
K compressibility ratio (K factor)

The scope of function between the three components is distributed as
follows for the flow conversion of the enCore device:

e Basic System
Comprises the connections, parameterization and management of

" not all calculation methods are available in all enCore FC device types
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Functional Description 2

used measurement devices such as gas meters, pressure and
temperature transmitters and, if required, gas quality measurement
devices.

The Basic System prepares the input data. It provi
pressure p, the temperature t and (optionally

characteristics to the Gas Quality AFB, and the me at
measurement conditions v,, and the flow r. low

Conversion AFB.
= chapter 2.1 Defining Measure and Sub
Strategy (Preprocessing) (p. 9)

e Gas Quality AFB

The Gas Quality AFI ess a measured ualityas
e gon wh*@t you are using
i device. The 0 provides essen-

ch as den b) and volume- and

values.
ality AFB cal e K factor K for the flow

sed on the E of the compressibility factors z,,

Where: 3
compressibility factor at measurement conditions

Zp compressibility factor at base conditions

t calculates the conversion factor ¢ (C-factor) with the help of state
equation and makes it available for Flow Conversion AFB as

export value:
P T 1
T pp T K
Where:
c conversion factor (C-factor)

= chapter 2 Functional Description (p. 6)
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2 Functional Description

e Flow Conversion AFB
The Flow Conversion AFB calculates the flown volumes at
base conditions Vv, the energy E and the mass M based on th

input values from the Basic System and the Gas Qualit
The standard calculation method used is as follows: «

Vp =V X C

E Vb X HVOl

Where: ' 0
Hyo1 volume-bas e

Po density conditions *
The Gas Qualit AFI?rov s the v aoland Ob-
= volume “Fl ersion AFB” of t% re FC manual
In order to be able t t a flow convetsion the enCore FC1 requires at

least one Flow nversion AFB and o as Quality AFB, besides
the Basic nfigurati a single-stream operation with

e realization of various extended oper-
efment requirements. The number of measure-
irections which the enCore FC1 can process is
ed by the number of board slots as well as the
figuration are and software (= “Operating Instructions” of the

enCore F,

Example

For a single-stream operation with two flow directions, you combine, 2 Flow
Conversion AFBs withonly1 Gas Quality AFB and one Basic
System.
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Functional Description 2

The Gas Quality AFB is divided in the following functional areas:

= 2.1 Defining Measurement Monitoring and Substitution tegy
(Preprocessing) (p. 9)

= 0

= Parameterize Input Values and their Base Conditiongi(Source)

(p-9)
= 2.3 Calculating Gas Characteristics nditions) (p.
= 2.4 Calculating the Velocity of Sodng i (p. 35)
i idual functiorﬁgls avail-
‘
2.1 Defining Mea ent Monitori h Substitution
Strategy rewc ing)

Preprocessin s allow to reac & eous measurement inputs
nﬁr%

A workflow depicting the interaction
able in = chapter 2.5.1 Flowchar

with a flexibl d substitutio y, and to replace erroneous
idimea urements@ ally you can parameterize limit
monitoring.

onitor everyéurand using a preprocessing

We reco &o monitor each measured input value with a
g operation, so that the best possible values are
the calculations of the Gas Quality AFB in case of an

This basically means:

¢ Avoid using measurements directly as import values for the
calculations of the Gas Quality AFB.

e Instead, manage each of the measured input values of pressure p
and temperature t in a single preprocessing operation, and the gas
composition in a preprocessing group (= chapter 2.1.1 Substitution
Values and Substitution Strategies, p. 10).
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2 Functional Description

e Import the validated results obtained by the preprocessing
operations as the basis for the calculations of the Gas Quality
AFB.

The preprocessing operations consist of the following functional aréas:

= 2.1.1 Substitution Values and Substitution Strategies (p. 10)
= 2.1.2 Monitoring Warning and Alarm Limits (Optional (p-16)
= 2.1.3 Results of Preprocessing (p. 18)

2.1.1  Substitution Values and Substitution Strategies

A substitution strategy offers up to six levels for measured input values. The
levels are prioritized, thus the value 6fLevel 1 having the highest and each
of the other levels having a lower‘priority. Moreover, a fixed,keypad value
has the lowest priority.

A simple substitution strategy is a‘two-stage operation and consists of one
measured input value (Level 1) and one Keypad value, wherein the keypad
value substitutes the measurement if the measured value is erroneous. In
case of a multi-level substitution strategy, you can assign up to six redun-
dant measdred inputvalues (Level/ up\to Level 6) and one Keypad value.
An errgheous value is replaced imistages with the next error-free value
during,the operation. This (error-free) value is used until an error-free value
having a higher priority level isgorovided again.

If'alhthe measured inputwalues of the defined Level 1 up to Level 6 are
erroneous, then,the parameter Substitute value mode indicates whether
the last valid,(and intermediately stored by enCore FC1) measured input
value is provided as result — when available — or the parameterized Keypad
value.

Preprocessing operations always check all parameterized levels 1 to 6
whether the individual values are error-free or erroneous.

Generally speaking, a level of a single preprocessing operation is con-
sidered erroneous in the below stated cases:
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Functional Description 2

The particular measured input value is internally marked erroneous,
e.g. because the transmitter or the input board is defective.
= appendix 5.3. Three-digit Error Code (p. 70)

The input value violates an alarm limit that has beenyparamterized
for this preprocessing operation.

= chapter 2.1.2 Monitoring Warning and Alarm Limits{Optional
(p. 16)

A level of the preprocessing group (see beloWw) is‘considered erroneous!if,at
least one value of a particular preprocessing operation is markedserrorneous
at this level.

The Gas Quality AFB manages preprocessing operationsifer two
different types:

as single preprocessing,operation (folder Preprocessings)

This helps.you monitor measurediinputivalues that are measured
by indiyidualtransmitters. 1 to 6 transmitters, which redundantly
measure the same physical quantity, are allowed per measurand.
Use one,preprocessing for,pressure p and one for temperature t,
even if your measurement device measures only with one trans-
mitter.

as preprocessing‘in, the preprocessing group

(branch Preprocessing groups)

This helps,you'simultaneously monitor several measurements
which are provided simultaneously by one measurement device. Up
to'six redundant measurement devices can be used.

As soon as an erroneous measurement is identified in a level, then
not just the affected value but the whole group is shifted to the next
level. This way it is ensured that the resulting values for further
processing are always belonging together as they are coming from
the same measurement device.

Use the preprocessing group if you are using one or more gas
quality measurement devices (e.g. process gas chromatographs).
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Functional Description

Parameterize substitution strategies in enSuite

N

Parameterize substitution strategies in enSuite

enSuite offers two different view for parameterizing prepr ssﬁ
operations. Preferably, use the simple view if you only one
level:

e simple views
Only the parameters for a two-stage tegy are ¢
available, i.e one measurement (Leve

% e Keypad
value. Optionally you can even define nitoring[o

This view is directly displayg ou assign an in

value to the Gas Quali - in folden<Gas Quality
AFB>, section Mea en ditions, [@

p input.

e detailed vie '
All the pa used for defini i-level prepro-
cessin ilable in the detai iew. Optionally you can

cessing groups.

de limi nitoring. c I
You o view in b reprocessings or Prepro-

Bo es of parame n are documented in detail in the

online he@ll@wmg documentation decribes the detailed
W.

» ~ To define@ new preprocessing operation, first state whether it is an
single preprocessing or a preprocessing that belongs to a preprocessing
group. As’a general rule:

For pressure p and temperature t respectively add a single prepro-
cessing operation in the folder Preprocessings on tab Para-
meters.

For a gas composition add a single preprocessing operation for
each component in the folder Preprocessing groups on tab Para-
meters.
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Functional Description 2

The alarm behavior determines when preprocessing operations generate
warning and alarm messages at erroneous levels. The preprocessing result
is marked as erroneous as soon as an alarm message is generated.

To parameterize the alarm behavior for ...

» ... asingle preprocessing, open the desired preprocessing,in the folder
Preprocessings f.i. section p or t.

OR

» ... the preprocessing group, open the section Preprocessingsgroup
(the folder <Gas Quality AFB>). The alarm behavior is valid for the
entire group.

» Define the sensitivity in the parameter Alarm behavior by selecting one
of the following entries from the'drop-down list:

¢ non-sensitive (defaulf)

- /* Warningdevel <x>
A warnihg is generated foreachyerroneous level, if at least one,
but.not all levels are efroneous.

= 2 Alarm level <x*>
An‘alarm is generated for each erroneous level as soon as all
the levels are erroneous.

e " sensitive
- [Warning messages are not generated.)

-2 Alarm level <x>
An alarm is generated for every erroneous level.

e, deactivated

- kR Warning level <x>
A warning is generated for every erroneous level.

- (Alarm messages are not generated.)

The result of the preprocessing operations is always considered as ...

e ... errorfree
as long as only warning messages are generated.
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2 Functional Description

The result is considered to be error-free even if the value comes
from an erroneous level.

e ... erroneous
as long as an alarm message is generated.
The result is considered to be erroneous even if the value eomes
from an error-free level.
An erroneous result of preprocessing operations is internally
marked erroneous, i.e. marked with an error.code (% @ppendix 5.3
Three-digit Error Code, p. 70).

To add a prepocessing...

» ... click the plus sign 4= on tab Parameters.
v" A new prepocessing <x> with the corresponding paraméters is
created.

» Enter a descriptive identifier for preprocessing operations, such as t for
temperature in the parameterName.

» Select the measurand in the parameter Physical quantity, which you
want to managé with'a preprocessing.
The following,measurands are typically relevant for the calculations of a
Gas QualityAF BS

e {Absolute pressure
preprocessing for pressure,p at measurement conditions

e  Temperature (defaulf)
preprocessing, for temperature t at measurement conditions

¢ Molar fraction
preprocessing for a gas component, such as methane (CH.)
Gas components should be managed in a preprocessing group
because they are generally measured as analysis of one measure-
ment device (e.g. a process gas chromatograph).

Presetting in case of simple preprocessing

If you define a simple preprocessing directly with one input value,
then the parameters Physical quantity and Physical unit are
correctly preset by enSuite. Gas components are thus automa-
tically assigned to the preprocessing group.
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Functional Description 2

v' The parameters Level 1 to Level 6 are preset with the selected physical

quantity symbol:

e ik pressure values

. "‘-‘b temperature values
. & a gas component

The subsequent steps for setting up the substitution strategy-are described
below. The method to be followed for limit monitoring is described in
= chapter 2.1.2 Monitoring Warning and Alagh Limits (Optional (pmd6)

>

Import the measurement of thedeading‘transmitter fromethe Basic
System into the parameter Level 1.

In an error-free state, the preprocessing takes this valué’as export
value.

In order to parameterize measurements ofi;redundant transmitters,
import these with the desired priority,into the parameters Level 2 to
Level 6.

All definedlevels,are always chéekediduring operation.
The‘preprocessing can use grror-free levels as substitution values.
Enter a plausible substituteyvalue in the parameter Keypad value.
Select from the parameter Substitute value mode which of the
following values is(used)if all the measurements of the defined Level 1
to Level 6 arerroneous:

o Keypad'value (default)
The parameterized constant is used as a substitute value.

o ( Last good value
The last valid measurement recorded before the error occurred is
used as a substitute value.
If no valid measurement is stored in the enCore FC1 — e.g. because
the device was just started —, then the parameterized Keypad
value is used.

You will find an example of parameterization in the FAQs; it particularly takes
into consideration different sensitivity levels of the alarm behavior (= FAQ
4.1 The Alarm Behavior of Preprocessings — an Example, p. 52).
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2 Functional Description

2.1.2  Monitoring Warning and Alarm Limits (Optional)

You can define additional limit monitoring for every preprocessing. The
measurements of the defined Level 1 to Level 6 are monitored, but h
Keypad value.

The preprocessing differentiates between lower and upper warning
alarm limits. Moreover, a hysteresis can be considered dur i
monitoring to avoid fluttering messages.

To begin with an overview of configuration option$ @ i onitorinb

. Measurement
>
[Level <x>]

ig. 2-1: Limit monitoring in the overview
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Functional Description 2

Parameterizing limit monitoring in enSuite

Activating limit monitoring

The limit monitoring is deactivated by default.
As soon as you set a parameter for limit monitoring t sed>
and assign it reasonably, the monitoring for eterized

values is activated. N o

For setting alarm limits, ...

» ... enter the limit for this measurand in the parameters Upper alarm
limit and/or Lower alarmblimit.
As soon as a measurement of Level 1 up to Level 6 of this prepro-
cessing exceeds the Upperialarm limit or falls’bélow the Lower alarm
limit, the resultsyare:

This value is considered to beerroneous.

The level from which this value is'taken can no longer be used in
the preprocessing as a fesult, until the alarm limit is no longer vio-
latedrand the valueds re-considered as error-free.

Use the parameter, Alarm behavior to decide whether an alarm
limit generates a warning /> Warning level <x> or an alarm

/¥ Alarm leveb<x> in case of violation.

For setting.warning'limits, ...

» ...‘enter the limit for this measurand in the parameters Upper warning
limit and/or Lower warning limit.
As’soon as a measurement of this preprocessing exceeds the Upper
warning limit or falls below the Lower warning limit, the result is:

A /2 Warning level <x> message is generated.

The value of this level is still considered to be error-free and can be
used as a result of this preprocessing.
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Functional Description

To consider a tolerance band when reaching the warning and alarm limits,

(plus) Hysteresis. The limit violation is reset only whe

» ... enter the absolute tolerance value in the parameter Hysteres
An upper warning respectively an upper alarm limit is consid
violated only if the measurement exceeds the value <defi

ment falls below the value <defined limit> — (minus)
The reverse rule is applicable for lower warnin cti lower alari

limits.

213

Results of Preprocessing Ope

Preprocessings provide their resultsas ¢ es: ‘ ' ‘
Identifier Description

Symbol
<sym.> | Value f 'processing r
& Value ... pressure p
import value ection Measurement condi-
ions, parar@: put
A Y lue

nﬁre t
ue for section Measurement condi-

rameter t input

Value .©a molar fraction <chemical molecular
formula>, e.g. Np, CO2
= import value for folder Gas components
H Lev Level specifications (digit), that provides the

preprocessing result.
Value range: 1to 7 (Level 1 up to Level 6, 7 2 Keypad
value)

Page 18 of 73
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Functional Description 2

2.2 Parameterize Input Values and their Base
Conditions (Source)

Essential information on base conditions

In case of condition-dependent input values the Gas ality

AF B differentiates between base condition e applicable
for the gas quality measurement device d the end
base conditions that are to be appli ulations ofthe
enCore FC1.

= FAQ 4.3 For a Better U n‘g: Base Conde

Calculating Heating Valuéland sity at Base Con s (p. 57
g g Vel y at Bas ‘C o (p. 57)

For the calculations of the conversion factor C on the basis of K factor K and
compressibility factors (z.,4) the Gas Quality AFB requires details on
the gas quality, the measurement conditions (&, p) as well as specifications
to source and'end base conditions.

The Gas @Quality AFB calculates K-factor and compressibility factor
(Zm,4Z5) according to the international procedures such as AGA8-DC92,
SGERGS8 or different AGA-NX19 as well as GOST 30319 variants. These
procedures require differentinput values for calculating the compressibility
factor (2., Zy). Priofito the calculation acc. to AGA8-DC92 a check of the
input range limits\can\be performed in accordance to ISO 12213-2:2006.
Alternatively, you ¢an parameterize the Gas Quality AFB in such a way
that it uses a constant for the quotients from the compressibility factors
(2, @) for all the further calculations.

At first, define the calculation method, then systematically parameterize the
required input values and the applicable base conditions for the selected
procedures:
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2 Functional Description

Parameterizing the calculation methods in enSuite

o Parameterization of base conditions of the gas quality
measurement device in Gas Quality AFB

Ensure that the base conditions of the gas quality sour

parameterized in the enCore FC is actually coincide with the €
conditions being valid for the measurements of the
measurement device (e.g. a process gas w ). <

» Open the section Calculation methods (in folder<Gas Quality AFB>).

» Select the method for calculating thefcompressibility factor z,, at
measurement conditions from the drop-downlist Zm calculation
method:

e AGAS8-DC92 (ISO 12213-2)
This method requires thedollowing input values:

- temperatlre atimeasurement conditions't
- pressure at measurement conditions p

— gas.coemposition with 22 components
(i.e. a complete and normalized gas vector)

= Select this procedure‘ifithe measurement device carries out a
detailed gas analysis, such as the process gas chromatograph
EnCal 3000.

o' SGERG-88 <pvlrd> [HsV] <gas component[s]> (ISO 12213-3)
There.is a range of different SGERG-88 variants, which require
different input values (= appendix 5.2.2 Required Input Values and
theinParameterization, p. 69).

= Investigate which mesurements are provided by the used
measurement device. Based on this information, select a
suitableSGERG-88 procedure; all required input must be availabe.
When you use, for instance, the gas-lab Q1, select the entry
SGERG-88 pp HsV COo.

e AGA-NX19 variants
The AGA-NX19 variants require different input values (= appendix
5.2.2 Required Input Values and their Parameterization, p. 69).
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Functional Description 2

AGA-NX19 GOST and GOST 30319 variants are defined only
for one end base conditions

Note: AGA-NX19 GOST, GOST 30319.2 and GO
procedure has exclusively been defined for the
conditions of ISO 6976:

e combustion temperature t com,. =

e base temperature t, = 20 °

e base pressure p, = 1.01325 o

= chapter 2.3 Calculatin cte istics
(End base conditions) (p!
GOST 30319.2 Q&
This method requw s thefollowi es:
- te measurem % ns t
at measurem@ ions p
base cor@n
itrogen N,
- carbon diﬁo
OST 30319. 5)
This m r&|uires the following input values:

rature at measurement conditions t

ssure at measurement conditions p

&as composition with 15 components (i.e. a complete and
normalized gas vector):

- methane CH,

- ethane C,H¢

- propane CsHg

— isobutane iso-C4Hio
- n-butane n-CsHio

- isopentane iso-CsHi,
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2 Functional Description

- n-pentane n-CsHi,
- hexane C¢His

- nitrogen N,

- carbon dioxide c0,
= helium He

- argon Ar

ice ies out a
tograph

. The para terigxed
ations for Wts
Qﬁect on both the

is advisable only if you
Iculation method as well as

= Select this procedure if the measureme
detailed gas analysis, such as the proce
EnCal 3000.

e use Zw/Z, substitute value

r Z» calculation m

rio the calculation acc. to AGA8-DC92 or

input'range limit
% ISO 12213-2:2006 or GOST 30319.3-2015,

19.3 in acco
ly, ...
... select box Zm, Z» calculation input check.
In cas imit for at least one of the input vector values is exceeded,
the al C calculation error is generated. The Zm/Zp substitute

value is used as result of the C calculation instead.
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Functional Description 2

» Select the procedure for calculating the compressibility factor z,, at base
conditions from the drop-down list Zb calculation method — g neraIIy

method.
There is one more additional procedure provided as

e ISO 6976/GPA 2172
These procedures require the following inp
- temperature at measurement conditio
—  pressure at measurement co @

- gas composition with 22 comp e
(| e.a complete and gas vector)

y if you Wcted AGAS-
ist Zm cwwthod)

e whether the calculation is done
according to ISO 69 GPA 2172 in section End base con-
ditions using % ameter Standard used.

&
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2 Functional Description

2.2.1 Pressure p, Temperature t and Gas Composition

o Parameterize all necessary input values

Check whether you have parameterized all necessary in
values for the selected calculation method. Any deviati ings
can lead to non-verifiable results.

If required, you will find a tabular overview o input
values and the corresponding parameters. pendix <
(= appendix 5.2.2 Required Input Values a c
Parameterization, p. 69).

Y X 4 €.

All calculation methods require thedhputvariables temperature &, pressure p
and different gas quality values.

The Gas Quality AFB can include aninput vegtorof up,to 22 gas compo-
nents in the calculationslt'carries out a normalization by’default in case a
complete gas vector is present; you can selectivelysexclude individual com-
ponents from the normalizatien.

N ioe
equisit normaliz @ is a complete gas vector
It c e normalized ere is a complete gas analysis avail-
le rs

. absolute pre isite for the normalization is a known
thane (CH ion.

If the prerequisites for a normalization are fulfilled, then it is carried out
automatically, because the sum of all the components for further calculations
must exactly result in 100 mol% according to AGA8-DC92, ISO 6976 or
GPA 2172. If required, you can selectively exclude individual components
from the normalization.
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Functional Description 2

The automatic normalization is deactivated as soon as you set the compo-
nent methane (CH,) as <Not used> or not assigned.

Particularity for GOST 30319.3

For calculations according to GOST 30319.3 follo gas
components are summed:

CeHia = CgHia + C7Hie + CgHi

N, = Ny + CO, + AR

N

» ... open the folder Gas co nents 0
v' A gas vector, ponents is @on the tab Gas compo-

nents in th rview.

| '@g

two vi w@der to parameterize the gas compo-

Parameterizing input values i

In order to parameterize i alu

s vector is given in an tabular overview on tab
onents. You can edit all the components
eously or individually.

will see the configuration options for the selected gas
components in the detailed view on tab Parameters.
Moreover, you can configure treatment of the neopentane
components (neo-CsHi,) and hexane (C¢Hia) -

= 4 FAQ (p. 52)

The following documentation describes the tabular view only.

For every gas component, state whether the input value is an import or a
constant value, or if there is no value present:
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2 Functional Description

» Click on the desired button in the upper region of the tab in order to
change the type of the input value for all gas components simultan-
eously:

OR
Activate one of the checkboxes in the context menu to changde the type
of the input value for one selected gas component:

e Import

Select this setting in order to import a currentsmeasurément.
e Constant

Select this setting in order to enter a constantialue.

e Not used
Select this setting if neither an import nor a constant value is
provided.

v If you have selected the type Constant for one orallthe parameters,
then the column Input'is preset exemplary with the‘values of a typical
natural gas analysis.

» Parameterize the corresponding input values’in the column Input:

¢ Import thexcorresponding values, of the gas quality for every
affected component —ddeally the result of a preprocessing.

OR

¢ \Entera constant,dwhich"corresponds to its fraction in the gas
composition, for every affected component.

» For every component define whether it shall be included in the
normalization,or not Activate resp. deactivate the checkboxes in column
To be entered into normalization — normalization is activated by
default:
For all parameterized input values, the related components are made
available as (if applicable normalized) export values.
These results are used in the Gas Quality AFB for all the sub-
sequent calculations.
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In order to add the input values at measurement conditions (p, t), ...

» ... open the folder <Gas Quality AFB> and the section Measurement
conditions.

» Activate, if necessary, the entry Import in the context menu‘of
parameter p input in order to parameterize the input value for pressure
p.

» Import into the column Value either the current measurement from the
Basic System or ideally the result of the preprocessing for the pressure
transmitter(s).

v" The input value for pressure p is parameterized.

Proceed in the same way in order to parameterize the input value for
temperature t:

» Activate the entry Import;ifinecessary, in the context menu of para-
meter t input.

» Import into the column Value eitherthe current measurement from the
Basic System or ideally the result ofithe‘preprocessing for the
temperature transmitter(s).

v" The input value for temperature [t is parameterized.

2.2:2 Density py,, Relative®Density rd and Heating Values at Base
Conditions (Seurce)

The Gas Quality"AF B can calculate the density, the relative density as
well as different heating values (relative to the base conditions of the gas
quality séurce)according to ISO 6976, GPA 2172, AGA8-DC92 and GOST
30319:3..The prerequisite is a complete and normalized gas vector.

You can import these values if the gas quality measurement device used
provides the density, relative density or heating values at base conditions. If
the density oy, is provided at base conditions or the relative density rd as an
input value, the Gas Quality AFB calculates a value of the other.
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Parameterize base conditions of the gas quality source in enSuite

» Open in the folder <Gas Quality AFB> the section Base conditions
GQ source.

» Select the prevailing base conditions of the gas quality source fromthe
drop-down list Standard used. The entries either correspond with the
ISO 6976 or the GPA 2172:

¢ (<combustion temperature tcomb.>; <temperature at’base
conditions t»>) °C, 1.01325 bar (ISO)
According to ISO 6976, the combustion temperature and tempera=
ture at base conditions t, vary; the pressure atbase conditions\py,
is constantat 1.01325 bar.

e 60 °F, <pressure at base conditions ps> (GPA)
According to GPA 2172¢combustion‘temperature,and.temperature
at base conditions t,, are constant at 60 °F; the@ntries vary
depending on thesprevailing pressure at base conditions py,.

The following values of gas are calculated based on the selected base
conditions if,a complete, hormalized.gas vector is present:

e Calculations according to 1ISO.6976 or GPA 2172 are provided as
éxport values'in folderliISQO 6976/GPA 2172:

- density at base conditions oy, caic.

— ¥ relative dénsity rd caic.

- & grosswolume-based heating value H.V c.1c.
- & _rietwolume-based heating value H:V c.1c.

- . gross mass-based heating value H.M ...
<% W net mass-based heating value HiM caic.

- % gross Wobbe index Ws caic.

- % net Wobbe index Wi caic.

e Calculations according to AGA8-DC92 are provided as export
values in folder AGA8-DC92:
- Bf compressibility factor at base conditions 7y, acas
This value refers to the base conditions of the end base
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conditions (section End base conditions, parameter
Standard used).
- #& density at base conditions py, acas

- % relative density rd acas

e Calculations according to GOST 30319.3 are provided,as export
values in folder GOST 30319.3:

- B¢ compressibility factor at baseconditions 7, cosr
This value refers to the base€onditions of the end base
conditions (section End base conditions, parameter
Standard used).

2R3

—  #& density at base conditions py cost

OR

If there is no complete gas vector, all the export values in the folders
ISO 6976/GPA 2172, AGA8-DC92 and,GOST 30319.3 are marked
internally asfnon-usable.

In this case, donot use these exportyvaltes as import values, because
the subsequent calculations will be,erroneous.

In_order to parameterize,the/density at base conditions py, and/or the relative
density rd relatively tothe,base conditions of the gas quality source, ...

>
vl

...'open in folder Base conditions GQ source the section Density.
The following input values are available:

e ppinputdensity at base conditions py
o ( rdhinputrelative density rd

Activate the entry Import or Constant in the context menu of parameter
in‘order to parameterize an input value.

Import one of the following values into the column Value in order to
parameterize an import value:

e the current measurement either from the Basic System or ideally
the result of the preprocessing for density measurements

e the calculated value from the folder ISO 6976/GPA 2172
e the calculated value from the folder AGA8-DC92

enCore FC1 Gas Quality AFB Page 29 of 73



2 Functional Description

OR

Enter the corresponding value in the column Value in order to para-

meterize a constant.

» Repeat this procedure if required for the second parameter.

The Gas Quality AFB calculates the following export values based

on the parameterized input values p» input and rd input:

e ¥ rd via pb
The relative density rd is calculated from thesinput value pp input
(density at base conditions) and the density of air at base condi-

tions.
rd = _Pb
Pbair
Where:
rd relative density
Pb density of the natural gasiat base conditions

Pb ajr density of air at the samie base conditions

If the input value,pp input is not parameterized or erroneous, rd via
pPuis marked as erroneous:

o (% pvviard
The density at base conditions py, is calculated using the input value
rd input (relative'density) and the density of air at base conditions.

Ay FA7X P air

If. theinput value rd input is not parameterized or erroneous, p» via
rd is‘'marked as erroneous.

Calculated value for density at base conditions py, or relative
density rd

The export values pp via rd and rd via psw refer to the base condi-
tions of the gas quality source (folder <Gas Quality AFB>,
section Base conditions GQ source, parameter Standard used)

Page 30 of 73 Gas Quality AFB enCore FC1



Functional Description 2

and can be used as alternative input values.

This is useful, for instance, ifrequire the input value for the@ensity
at base conditions is required for the selected Zm/Zy calculation
method and the gas quality measurement device provides only
the relative density. In this case, you can paraméterize the cal-
culated value pb via rd for the base density input. Consider that
every necessary input value must actually be assigned, otherwise
an alarm will be generated. Internally.caleulated values are not
used automatically!

If input values are available for heatingyvalués referring to the'base
conditions of the gas quality source, ...

>
v

... open the section Heating values.
You can parameterize the following input values:

HsV input gross volume-based heating value 1.V
HiV input net volume-based heating value H;V
HsM'input gross mass-based heating value HsM
HiM input net mass-based heating value H;M

W;s input gross Wobbe index W

Wi input net Wobbe index w;

Activate the@ntry Import or Constant in the context menu of a para-
meter in@rder\to parameterize an input value.

The column Value is preset exemplary with a value as soon as you
select'the type Constant for a parameter — this value matches with the
exemplary preset values in the folder Gas components.

Import one of the following values in the column Value in order to para-
meterize an import value:

the current measurement either from the Basic System or ideally
the result of the preprocessing for heating value measurements

the calculated value from the folder ISO 6976/GPA 2172
the calculated value from the folder AGA8-DC92
the calculated value from the folder GOST 30319.3
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OR
In order to parameterize a constant, enter the corresponding value in
the column Value.

» Repeat this procedure if required for all the other parameters.

2.3 Calculating Gas Characteristics
(End base conditions)

The values for base pressure p, and base temperature ty fromithe end base
conditions are entering the calculation of the compressibility/factor zy, the

K factor K and the conversion factor C. If necessarygyou‘can parameterize
two end base conditions:

For the first end base conditions (folder <Gas Quality AFB3>, section End
base conditions) select one of the 'specified constant baseyconditions —
analogous to the base conditions of the.gas quality seurce.All selectable
base conditions are considered in the ISO 6976,0or GPA'2172 and are used
for the subsequent calculations of the gas characteristics. The results can be
used for fiscal purposes.

Special case: If theispecified constant base conditions of the first end base
conditions‘are not sufficient, then the Gas Quality AFB offers the option
to define a second end base conditions for the enCore FC1 (section 2nd
endibase conditions). Here you.can freely define the base conditions (ts,
Pr). However, the results,based@ on the second end base conditions cannot
be used for fiscal purposes.

Base, cenditions of the gas quality measurement device and
ofthe enCore FC1

If the gas quality measurement device (section Base conditions

GQ source) and the calculations of the enCore FC1 (section End
base conditions) refer to the same base conditions, then select

the same base conditions in the parameter Standard used.
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Parameterizing base conditions of enCore FC1 in enSuite

Define the first end base conditions:

» Open in the folder <Gas Quality AFB> the section Enddbase
conditions.

» Select the base conditions of the device applicable for the result in the
drop-down list Standard used. The entries either carrespond with the
ISO 6976 or the GPA 2172:

e (<combustion temperature tcoms.>; <temperature at base
conditions t»>) °C, 1.01325 bar (1SO)
According to ISO 6976, thescombustion‘temperaturé andtem-
perature at base conditions t;, varies; the pressure‘atbase condi-
tions py, is constantat'1 01325 bar.

v

v
o AGA-NX19 Goswd ST unww variants are
io

defined r

end base
“(20; .01325 bar (I&é
b

=

to be calculated at base con-

ibility fac
rding to mg GOST, GOST 30319.2 or GOST
30319.3 (secti @lion methods, parameter Z, calculation
method), thenOé e entry (20; 20) °C, 1.01325 bar (ISO) as

i because this procedure is exclusively defined

nd base cond
for this béoﬁditions of ISO 6976.
P

e 60 °F, <pressure at base conditions pr> (GPA)
According to GPA 2172, the temperature at base conditions t, is

constant at 60 °F; the entries vary depending on the prevailing
pressure at base conditions py.

The gas characteristics are calculated based on the parameterized base
conditions either according to ISO 6976 or GPA 2172.

v The export values in the folder End base conditions can be imported
by other AFBs. Typically the following export values are thus required by
the corresponding Flow Conversion AFB:

e [Bf conversion factor C
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e & density at base conditions pb

e & gross volume-based heating value HsV
OR
b gross mass-based heating value HsM

In order to use a second, variable end base condition, ...

v

... open the section 2nd end base conditions.
» Select the entry Used from the drop-down list 2ndiend base
conditions.
v" The parameters to define a second base conditions afe shown.
» In order to parameterize the prevailingstemperature at base condi-
tions ty, enter the desired constant/in the parameter to.
OR
Deactivate the checkbox Used'inithe context menu ofithe parameter to.
» If necessary, adapt the physical unit:
» In order to parameterize the #alid pressurejat base conditions py, enter
the desired constantin the parameter po.
OR
Deactivate the checkbox Used in the context menu of the parameter po.
» If necessary, adaptithe physicalsunit:
v' Thefparameterized base conditions is the basis for all the further
calculations; if the parameter teyor po is deactivated then the parameter-
izedwalue'is used forthis variable from the first end base conditions.

In the following cases;ta substitute value is used for the quotient from the
compressibility factors\(z./25):

¢ In the'section Calculation methods the setting use Zm/Zy
substitute value is parameterized for the Zm calculation method
and/or the Z» calculation method.

e Due to inconsistent or erroneous input values, it is not possible to
calculate the compressibility factors (z., Z») according to the
parameterized procedures.

» If required, change the preset value in the parameter Zm/Z substitute
value — default is 1.0.
In the aforementioned cases, this substitue value is used for all the
further calculations.
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The gas characteristics are calculated based on the parameterized base
conditions.

The export values in the folder 2nd end base conditions can be'imported
by other AFBs. The same specific values are provided as in the folder End
base conditions — however, these values cannot be used for fiscal
purposes.

v
Specialty: calculating the compressibility
If the compressibility factor z,, has lated at base -
ditions according to ISO 6976 or GPA section Ca
methods, parameter Zy ca 2 ioﬁe od), but { eter-
ized second base conditi ot correspond to t ected
standard, then the actor 7y, ulated according

to AGA8-DC92.

O;

2.4 Calculating the Velocity ofiSound (Optional)

The Gas,Quality AEB offers the,option to calculate the sound velocity
(Velocity OfiSound, abbreviated as: YOS) in natural gas according to either
thefAGA10, GOST 30319.2/or GOST 30319.3 procedures. The standard
used,depends on the method parameterized for calculating the
compressibility factor zi

ifiZm calculation method is ...

e AGA8-DC92, then AGA10 ist used.
e (. GOST 30319.2, then GOST 30319.2 ist used.
e “GOST 30319.3,then GOST 30319.3 ist used.

This calculation is advisable only if you use a measurement device for
velocity of sound, e.g. an ultra-sound meter, and you want to carry out a
VOS comparison between the measured velocity of sound and the velocity
of sound calculated according to AGA10 or GOST 30319.3.

The VOS comparison is carried out by Station AFB.
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Activate VOS in enSuite

Since the VOS calculation according is advisable only for specific appli-
cations, it is deactivated by default.

Prerequisite:

e The following input values are parameterized for thexGas Quality
AFB in the folder <device> — [<Group> -] <Gas Quality AFB>:
- complete gas vector (methane (MH,) must be,available):
folder Gas components
- measurement for pressure p:
section Measurement conditions; parameter p input
- measurement for température t:
section Measuremeént conditions, parameter.t input

e The desired parameterization is opened.in the branch
<device> — <Gas Quality AFB>.

» Open the section VOS.

» Select the eéntry Used on tab Parameters from the drop-down list VOS.
The calculation of the velocity ofisound‘is activated and provides the
following export values:

o "ZVOS
Velocity of sound\
The Station, AFB needs this value for the VOS comparison as
import value (branch <Station AFB>, section VOS comparison,
paraméter Calculated VOS (input)).

o #K\(only for information)
isentropic exponent

e 3 CplCv (only for information — AGA10 only)
real gas specific heat ratio between

- the specific heat capacity at a constant pressure C,

- the specific heat capacity at a constant volume .,

Parameterize the VOS comparison in Station AFB (= volume “Station
AFB” of the enCore FC1 manual).
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User-defined display of the VOS calculations

By default the results of the calculated velocity of sound.decording
are not shown in the displays of the Gas Quality
the export values are primarily used as input val
comparison of the Station AFB.

If necessary, extend the standard display of uality

AF B in the display editor. You reach ditor in an
parameterization in enSuite by ope h Displ f
2.5 Functioning a &O *0

[<Group> -] <Gas Quality AFB>
5. Flowcha
Concludingly h tion of the fun s and selected parameters
are represen following ro
O @ ’
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Basic System Temperature t

Gas quality measurement Pressure p

- substitution strategies
- limit value monitoring

components>

<Heating
values>

v v
] OR[COzJand/or[N,],[H,]*"*")  [H.Vinput]

Vo
[ps input] <)
[rd input]©°Pten

Complete gas
vector?

Calculation of ...
[Standard - Pr, rd, HsV, HM, W, according to ISO 6976
used] or GPA 2172
- Py, rd according to AGA8
- pp according to GOST 30319.3
ow £d, BV ... [cald)
BA8)

RG88, AGA-NX19*
Zn, Pn, P,

[VOS used]

Calculation of ...

—VO0S (AGA10,
GOST 30319.2 or
GOST 30319.3)

Vvos

Calculations analogous to 1. End base
conditions

Exception: no calculations according to
1SO 6976 or GPA 2172

~H,V, BV, HM, HM,
1SO 6976, GPA 2:

Z, pm, Po, HsV, HM, W, ...

2, Pw P HSV, HM, W, ...
Messages Messages

“C calculation error”, “* min”, “* max
“* failure”

| 2, py, H-V/HM | 2, py, HoV/HM
Flow Conversion in Vy, E, M Flow Conversion in Vy, E, M

Flow Conversion AFB <1> Flow Conversion AFB <2>

“The specification “AGA-NX19*” indicates all the AGA-NX19 procedures.

“C calculation error”, “* min”, “* max”,
“* failure”

VOS Comparison

Station AFB

Fig. 2-2: Functional areas at a glance
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2.6 Warnings and Alarms

The enCore FC1 manages the warning and alarm messages of
preprocessings and of the Gas Quality AFB in the error list@nd rds it

in the logbook.

2.6.1 List of Warnings and Alarms of Preprogessing rations
Relevant warning and alarm messages are generate ase of an err
depending on definitions of a single preprog % reprocessi p:
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Identifier

Type Cause

Warning Level 1
up to
Warning Level 6

Alarm Level 1
up to
Alarm Leyel 6

A Warning | ¢ A warning limit (Lower warning li
Upper warning limit) of Level is
violated (limit monitoring).

Additionally, the parameterize

behavior determines whe r-

° non-sensiti

A warning i erated for
€ € el as long as not all levels
ous. However,aalar e

as soon a el§are
erroneous (see b

. activat

A warni e ted for every erro-

d Alarm behavior defines
under which an alarm is
for an erroneous level.
on-sensitive

An alarm is generated for erroneous

levels only if all the defined Levels 1 to
L 2 6 are erroneous.

e  sensitive
An alarm is generated for every erro-

neous level.
Ta : Warning and alarm messages of preprocessing operations
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2.6.2 List of Error Messages of the Gas Quality AFB

Depending on the parameterization the Gas Quality AFB monitors the
input measurements and generates specific alarm messages ia ca fan
error.

Limit monitoring only in case of preproc erations

tored for input v. S
ve been

Note that the lower and upper limits
only, for which the warning and/or 2
in a preprocessing ofa Gas Qualit

= chapter 2.1.2 Monitori g and Alarm Lim@)tional
(p- 16) \ ' .
Alarms for input value 0

sﬁa internally kedywith a three-digit error
ndix 5.3 Three;di r Code, p. 70). As soon as

e is require alculations — such as pressure
erature t —l vant alarm is generated on the

basis € errar.co
e  Minimum é* min)
ega if the input fell below the lower limit.

(Error code 0UL)

Failure alarm (* failure)
... is triggered if the value is erroneous due to other reasons.
(Error code e.g. 000, 00S)
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Identifier Type Cause
p min ,‘) Alarm | The input for pressure p fell below t
o lower limit.
o
2 p max ,‘) Alarm | The input for pressure p ex
8 upper limit.
[oN
p failure ,‘)Alarm
t min h Alarm
yu)
g
% t max A Alarm
@
Q.
1S
2 t failure )')AI
Ccalculation AL’
_5 error method calculation method
‘—g cannot be,carried out (e.g. as a result of
% inconsistentinput values). Instead, the
8 zed value Z,,/Z, Substitute
s used for calculating C.

limit.

e heating value H;V is required for
the parameterized calculation method,
however, the input fell below the lower
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Identifier Type Cause

HeV max A Alarm | The heating value H.V is requifed for
the parameterized calcula od
however, the input ex e u
limit.

HgV failure /& Alarm | The input for t -based
heating value HgV eous, hence

Pp min hAIann Thei

€
tions ow the Iower@
Pp max A input for density atgcondi-
S pp excee per limit.

pp failure Al Th sity at base condi-
i is efroneous, hence, no

value is available.

Density at base conditions
Pb

=7y

input for the relative density rd fell
below the lower limit.

ity rd

rd max The input for the relative density rd

exceeded the upper limit.

rd failu ;b Alarm | The input for the relative density rd is
erroneous, hence, no measured value
is available.

lure _h Alarm | The input value of any gas component
is required for the parameterized me-
thods Z, calculation method and/or Z,,
calculation method, but is erroneous.

<component> /A Alarm | The respective gas component is

min required for the parameterized methods
Z, calculation method and/or Z;, cal-
culation method, however, its input fell
below the lower limit.

gas components
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Identifier Type Cause
<component> ,“ Alarm | The respective gas component is
max required for the parameterized m

ZCalculation method and/o
Z,Calculation method, h
input exceeded the upper limit.

Table 2-2: Gas Quality AFB alarm message
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3 Display and Operation

The Gas Quality AFB has various default displays which s important
values such as pressure, temperature, compressibility, heati 3
individual gas components.

Display and navigation in enCore device
The general layout of displays for e Vi and the b@
navigation options are documented in detail in the “Oper;

Instructions” of the enCore m?a
navigation.

Generally, hyperlin n re distin*ﬁuring the
device operation re shown with ta rline on the
device and in the manu avigate. t e device displays
using hy ; éry out a spe@onality with actions.

A list of symb mes shown @s available in the appendix
(= appe 5.1 Nomenclature, @

hapter fordi and
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3.1 Displays at a Glance

The following figure sketches the hierarchical order and the navigation
through the displays of the Gas Quality AFB:

a Com e D .
default, it is required onlyif yo u! 2nd end base condition. In this case,

ig. 3-1: isplay—hi@c structure
lays in Detai o

ality AFB is the main display.

Main display

9.9890 bar

gl S o
9.983634
rd 0.64196
HsV 37 .08000 my/ms
Gas components
Preprocessings

Fig. 3-2: Main display — example
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The most important measurements and results of the gas quality are presen-
ted in an overview in the main display. From this display you can switch to

the detailed displays for compressibility, density, heating value, compo-
nents and preprocessings.
Display editor of enSuite «

This documentation describes the layout of i displays i
the delivery status.

You can adapt and configure most o lays as pe .@
needs with the help of the di r'of enSuite; you ca
define the values to be d

d, but not di ’by default. If
you use the second e ase conditions ion 2nd end base

conditions), then can deter gation to Main

display, display editor. xy
@)Galling up the M@ 2 for the Second End

The Main display. prec

s (p. 61)

he displ an open parameterization in

enSuite by ope& anch Displays — [<Group> -] <Gas

Quality AFB>.

L 4
the disp inked and the displayed values are described in the

\ ain display and its target displays (p. 48)
he Main display 2 (optional for 2nd end base conditions) (p. 51)
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The main display and its target displays

Main display = [<Target display>]
P pressure at /
measurement
conditions
t temperature at /
measurement
conditions
c conversion factor = 2.1 Compressibility
P pre r1¢surement conditions
t te at measurement co ns
C conve n factor ¢
omp bility facto)
Zn t measurement@ons
b ... at base ¢ i
K factor
compre: ctor ...
b air ... of se conditions)
rd relative ity = 2.3 De
érsity at measurement conditions
ensity at base conditions
density of air at base conditions
r$ relative density
eating val = 2.3 Heating value
based o © volume-based heating value...
HV ... —gross
HV ...—net
mass-based heating value...
HM ... —gross
HM ...—net
Wobbe index...
W, ... —gross
w; ...—net
Gas components = 2.4 Gas components
gas vector with 22 components:
N nitrogen
CO, carbon dioxide
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Main display = [<Target display>]
CH, methane
C2Hg ethane

C;3Hg propane
iso-C4H1 isobutane
n-C4H4o n-butane
iso-CsHq2 isop
n-CsHi. n-pen
neo-CsH; entane
C6H14 ane
c7H16 L
CSH18 A
CqoH ' nonane o
0 decane
2 hyd&‘

o
o e

3
He

ogen sulphide
arbon monoxide

Preproces

3 Level 1 <measurement 1>[A] [<error code>]
Level 2  <if applic.® measurement 2>[sts* in
use]

Level 3 <if applic. measurement 3>

Level 4 <if applic. measurement 4>

Level 5 <if applic. measurement 5>

Level 6 <if applic. measurement 6>

Level 7 <parameterized keypad value>

Table 3-1: The main display and its target displays

2 The entry Preprocessings is displayed only if preprocessings are used.
3 abbreviation for applicable
4 abbreviation for status
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The display Preprocessings in detail:

15:44:46

in use
mol% A OLL

The individual preprocessings, which ng to the p @sing groups,
are marked in the drop-d 'St’l a (G). %
xvery defined level. The

this level makes available
gér an alarm are marked with an

i gea ning are marked with a

type of error in case of erroneous mea-
& Level 2 as shown in the example is marked

The current (measu
status in use si

lues are displa
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The Main display 2 (optional for 2nd end base conditions)

Display = [<Target display>]
(configured linkage in the = 1.2 Main display 2°
display editor) p pressure at measu condi
t temperature at measure conditions
Cc conversion fac
rd relative d
HV gross, ] heating valu

5 The calculated values of Main display 2 refer to the base conditions, which are pa-
rameterized in branch 2nd end base conditions for temperature ti, and pressure p.

enCore FC1 Gas Quality AFB Page 51 of 73



4 FAQ

This chapter contains the most important settings and issues in order
support you in regular tasks

=
=

0

4.1 The Alarm Behavior of Preprocessings — an Exa
4.2 Split up the Input Value for Hexane (C6H14) i

all the Higher Hydrocarbons (p. 55)

4.3 For a Better Understanding: Base Cq
Heating Value and Density at Base Cond|

Iculatlng

4.4 Display Error Messages (p.

4.5 Accepting Warning and Alg % ges (p. 60)
4.6 Calling up the Main lay 2 Second *e
Conditions (p. 61)
The Alarm or of Prepr & gs—an
Example

Background

The fi

m

S

Behav
The follo ettings are parameterized as an example — the different

ing of a multi- Ieveé ion strategy is explained below using
mple ofithree pressure mitters. Limit monitoring is not para-
in the exam efPbelow and the Keypad value is selected as
e value

sensitivity levels of the alarm behavior are explained below:
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Parameter

Sample value

Physical quantity

absolute pressure

Level 1 tab Export value, branch Basic System — 1/O boards —
Board 1: EXFME5 — P+ P- ' |4 Measured value

Level 2 tab Export value, branch Basic System — 1/O'boards —
Board 2: EXFMES5 — P+ P- % | Measured value

Level 3 tab Export value, branch Basic System — 1/0 boards—

Board 3: ExXFMES5 - P+ P~ \b 5 'Measured value

Keypad value

9.8 bar

Substitute value
mode

Keypad value

Table 4-1: Preprocessings With the help of an examplefof three pressure transmitters

The preprocessing generates its result based’on this parameterization —
independent of the selected Alarmybehavior — as given below:

e As longyas the value from Level'1'is considered error-free, it is
used as the preprocessing résult.
As soon as this valde is\erroneous and as long as the value of
Level 2 is error-free,the measurement of Level 2 is used.
As soon the valuelin Level 1 is no longer erroneous, this higher
prioritized value is used again.

e If both'measurements of Level 1 and Level 2 are erroneous, then
thexmeasurement of Level 3 is used, as long as this value is error-
free and the values of both the first levels are erroneous.

o “If all measurements of Level 1 up to Level 3 are erroneous, then
the preprocessing result is the parameterized Keypad value, until a
valid measurement is provided again of Level 1 up to Level 3.

enCore FC1
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Use the parameter Alarm behavior to define the extent of sensitivity by
which the preprocessing reacts to erroneous measurements and generates
warning or alarms messages:

» Select the setting sensitive in order to generate an alarm for h r.
An alarm is generated for the respective level as soon as
measurement of Level 1 to Level 3 is erroneous. The roce
result is then considered to be erroneous, even if the p ing
result is taken from a level whose measureme or

Level 1
Level 2
Level 3

Keypad value

< Result>
Status

Fig. larm behavior vbg| behavior: sensitive

» S e option non-se order to generate alarms only if there
ee surement.
of'the respective level as soon as a
: 1 to Level 3 is erroneous. The preprocessing
result is consi error-free as long as not all the measurements of
the three lev re erroneous.
An enerated for each level if all the three measurements are
erroneous. In this case, the preprocessing result is considered erro-
neous.
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Level 1

LAwL | fw

Level 2 v T_&Vlz_
I
V-

Keypad value

I
|
Level 3 V-
I
I
|
|
T

I I
<Result> < #=1 >< #=2 >< #=3
I I

Status v

"

Fig. 4-2: Alarm behavior when Alarm i : non-sensite

» Select the setting deactivat @ is absolutely,no to be
generated. ¢
A warning is genera ach of these Iev@ on as at least one

or all the measureme?of el 1t erroneous. The result
of the prepr: g is considered \ ror-free.

I |
| ) |
Levi x v
!_/»_wg_ n_ pwt ]
I |
2 x I v
: ,_/‘_W‘_'Z_x@lvz_ N
|
Level 3 V- T v
|
I
I
[
|

» Time

I \ [ I
It> < #=1 >< #=2 >< #=3 >< #=7 >< #=1 >
s N

Fig. 4-3: Alarm behavior when Alarm behavior: deactivated

4.2 Split up the Input Value for Hexane (C:H..) in
Percentage for all the Higher Hydrocarbons

Background

A few process gas chromatographs measure all the higher hydrocarbons
from C¢ and above together and provide this sum as component hexane
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(CsH14). In such a case, you can split up the (CsH14) percentage arithmetically
as Cs to Cq in enSuite.

Procedure

The parameterization is possible only in the detailed view (on tab
Parameters).

» Open the desired parameterization =] in enSuite.

» Go to the branch <Gas Quality AFB> — Gas_components.

» On tab Parameters go to section CeH1a.

» Select the desired entry from the drop-down list\Components treat-
ment.

¢ No splitting (default)
The value of the components, (CsHi4) in the parametenlnput is
exclusively interpreted as component C¢H; ..

e  Ce+ split from_ Cesto C1o
The value of thexcomponents (C¢H14)dn the parameter Input is
distributed in_ percentage in higher‘hydroearbons C¢ to C1o.

» If you have selected the entry Ce+ splitifrom Cs to C10, enter the
percentage for each component inthe following parameters; note that
allparts must add up to 100%:

e Ce % » percentage ofthexane (C¢Hi4)
e C7% percentage of heptane (C7H1¢)
e Cs% percentage of octane (CgHis)
e Co %¢ percentage of nonane (CoHzo)
e C10% ) percentage of decane (C1oH,>)

Depending on your choice either only the incoming value for hexane
(CeH14) is used, or the arithmetically distributed values are used for all
the further calculations.
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4.3 For a Better Understanding: Base Conditions for
Calculating Heating Value and Density at Base
Conditions

The Gas Quality AFB can calculate condition-dependent measurands
such as heating value and density at base conditions on the bases of a
complete gas vector. If the gas quality measurement device itself calculates
the heating value and the density at base conditions, the.enCore FC1 can
import these values.

Heating values and density at base conditionsiare condition-dependent
values and therefore based on specific basefeonditions (py, &g); thedeating
value additionally depends on the notationally combustion conditions
(Pcoms., teoms.). This means thatthe base conditions,of heating values and
base density can be charaCterized completely by these four specifications.

enCore FC1 supports the international standards 1S©@ 6976 and GPA 2172
while calculating the heating values and/density at base conditions. Both the
procedures take‘into/consideration fourivariables (py, to, Pcomb., teom.) iN A
different way:

o 1S0O\6976

ISO 6976 distinguishes between the combustion temperature and
the temperature while measuring the volume; combustion pressure
tcomp. andipressure at base conditions py, is defined at
1.01325%bar.
The'following base conditions are defined in the ISO,

[(Bcomp.; tn) °C, pn bar]

N ( 0; 0)°C, 1.01325 bar

-  (15; 0)°C, 1.01325 bar
- (20; 20)°c,
- (25; 0)°c,

.01325 bar

1
1

- (15; 15)°C, 1.01325 bar
1
1.01325 bar
1

- (25; 20)°C, 1.01325 bar

e 60 °F, <pressure at base conditions pp> (GPA)

enCore FC1 Gas Quality AFB Page 57 of 73



4 FAQ

The GPA 2172 does not distinguish between combustion state and
conditions when measuring volume. The temperature at base
conditions t is defined as 60 °F; the pressure at base conditions
Py varies.
The following base conditions are defined in the GPA,

[tn°F, pn psial

- 60 °F,14.696 psia
- 60 °F,14.65 psia
- 60 °F,14.73 psia
- 60 °F,15.025 psia

Since the values of the gas quality measurement device, may refer torother
base conditions than the enCore EC1 calculations, the Gas Quality AFB
takes into consideration two base conditions by default within the
parameterization:

e base conditions of gas quality measurement'device (2 source)

(section Base,conditions GQ source, parameter Standard used)

e base conditions of enCore FC1 (2 end)

(section End'base conditions; parameter Standard used)

The parameterization ensures that the selected base conditions are in
agreement with the selected standard and thus the condition-dependent
measurands can be calculated precisely.

Before the enCoré EC1 can use the condition-dependent input values of gas
quality measufement device, it has to check whether these refer to the end
base conditions of enCore FC1. If this is not the case, it converts the values
from base conditions of the source to end base conditions of the enCore
FC1.

Special case: Second end base conditions for the enCore FC1

You can define second end base condition for enCore FC1 within the Gas
Quality AFB (section 2nd end base conditions). These base conditions
(ts, pp) can be parameterized freely.

With this, you can simultaneously calculate and view specific results such as
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heating values, base density and base volume at different base conditions.
The results of the second end base conditions cannot be used for fiscal
purposes because the calculations can be based on any desireddbase
conditions.

= section Parameterizing base conditions of enCore FG#"in enSuite (p. 33)

4.4 Display Error Messages

Background

If the status LED is flashing yellowsorred, or has‘continuous‘yellow or red
light, there are warning and/or the alarm'messages in the errorlist. In this
list, the device manages events of type signal and type message of the
Basic System and all AFBs.

The error list is sorted,chronologically; the'mostrecent message is displayed
as first. You canfspecifically filter the entire list,)e.g. as per the desired Gas
Quality AF®x The preprocessing messages of the Gas Quality AFB
are managed togetherwith the AEB:.

Procedure

» You reach the error list ih the home display [#1 via the symbol # Error
List.

v/ The errordist'shows all the current warning or alarm messages.

You havédifferent options:

» 4. If only few errors are included in the entire list, scroll specifically for Gas
Quality AFB messages.

Naming convention of error messages

AFB messages follow the naming convention:
[<Group>.]<Gas Quality AFB>.<message>
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» In order to specifically filter messages of an Gas Quality AFB, select
the entry <Gas Quality AFB> from the drop-down list Filter.
v" Only messages of the corresponding Gas Quality AFB are dis-

played.
» In order to specifically filter messages of a Gas Quality whi
are grouped with other AFBs, select the <Group> from_the dro wn

list Filter.

v" All the messages of AFBs which are assigned to.this gr re dis-
played.

= The next section describes the way you can acce Quality A @

errors. o
. . *
4.5 Accepting Warnin A essa&*

Background ' ! Q

Define the accepta ure with the parameterAcceptance

procedure (branch i tem - Sy ion Error List). This
rors can onlylbe accepted when they have

can wae accepted — irrespective of whether

already ended or if
or not e still.
Erj re a ted list-wise individually.
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Procedure

» Open the error list as described in appendix 4.4 Display ErrorfMessages
(p. 59).

» In order to accept messages of a specific list, open it by selectingthe
corresponding entry <Gas Quality AFB> or <Group> from the ‘drop-
down list Filter.

» Trigger the action Accept all.

v' The selected list is accepted and updated according to the parame-
terized acceptance procedure.

» If required, repeat these steps for other lists:

4.6 Calling up the Main Display 2 fopthe Second End
Base Conditions

Background

If you use thessecond end base conditions (séction 2nd end base condi-
tions), then you cannot view the values,of the second end base conditions
on the device display without further @ctions. The Main display 2 is already
created in enSuite, however; it is\not linked with any other display by default,
suchythat it cannot be called orFdisplayed.

In this.case, you must define the way to navigate to Main display 2 in
enSuite.

Procedure

» Open the desired parameterization = in enSuite.

» n the parameter branch open the node Displays.

» Go to the branch and the display, from which the navigation of the
second end base conditions shall be done, e.g.
<device> — <Gas Quality AFB> — Main display.

v/ The current actions and values of the selected displays are listed on the
tab Display editor. The positions of the individual entries comply with
the displayed sequence in the enCore FC1.

» Click the plus sign 4k in order to make another entry.

v' Ablank line is added to the list.
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In order to link the Main display 2 with this display, ...

>

... enter the name of the hyperlink in the field Caption in the lower
section of the tab, z.B. Main display 2.
Select the entry <Gas Quality AFB> from the drop-down list kink.

The second drop-down list is preset with the display types sele
ted link <Gas Quality AFB>.

Select the entry <Main display 2>.

If required, you can change the position of the ink the help of
arrow keys.
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5.1 Nomenclature

The following symbols and names are used in the cont as ality
AFB:

Symbol | Abbreviated as | Description

e X3 complete and no

1] X<co2> fraction of.g

Preprocessing (folder Preprocessin essing grou
<sym.> | value g result
€ n@displayed depending
> cal quantity. The
following val a portant for the Gas
Qual ityé
S

ﬁ valu .
@ort value for the section Measurement
OOnditions, parameter p input
value temperature t
= import value for section Measurement
L J conditions, parameter t input

e molar fraction <chemical molecular
formula>, €.g. Np, CO2
= import value for folder Gas components

<digit> indication of the level that provides the

preprocessing result.
Value range: 1 to 7 (Level 1 up to Level 6,
7 2 Keypad value)

Base conditions of the GQ source (according to ISO 6976/GPA 2172)

ey Po calc. density at base conditions

73 rd calc. relative density
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i HsV calc. gross volume-based heating value
] HiV calc. net volume-based heating value
] HsM calc. gross mass-based heating value
] HiM calc. net mass-based heating value

&

Ws calc. gross Wobbe index

@ Wi calc. net Wobbe index

Base conditions of the GQ source (according

a Zp nGA8

H Pb AGAS

m rd acas

Base conditions GQ s

b Po vV

ensity at ba@u
Calculati on the input value for the relative
densi der Base conditions GQ source,

Density, parameter rd input) and the

Calculation based on the input value for the
density py, at base conditions (folder Base

conditions GQ source, section Density,
parameter pb input) and the density of air pp i, at
base conditions.

Measurement conditions

in P the current measurement for pressure p (ideally the
result of the preprocessing)

The Gas Quality AFB uses this measurement
for its calculations.

= 2.1 Defining Measurement Monitoring and
Substitution Strategy (Preprocessing) (p. 9)
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\ t the current measurement for temperature t (ideally
the result of the preprocessing)
The Gas Quality AFB uses this me. ement
for its calculations.
= 2.1 Defining Measurement ing a
Substitution Strategy (Preprocessin . 9)
ﬁ._- Zm the calculated compressibi measure-
ment conditions
The Gas Qualdfty tes this val
based on the Zm method. e
W Pm densi e condltlonsQ
‘ ‘
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End base conditions

=18 c conversion factor (abbreviated as: C factor)
= import value for the Flow Conversion
(section Calculations, parameter C inpu
4 Pb density at base conditions
7 rd relative density
] HsV gross heating value bas
] HiVv net heating value based o
] HsM on mass
] HiM on mass*’
b | )
b |
£ Po essure at base condit end base conditions)
pressure specification at base conditions of the
parameter S‘nd’ used)
A te ert base conditions (end conditions)
(2 ature specification at base conditions of
— th eter Standard used)
K o%pressibility ratio(abbreviated K factor)

intermediary result for calculating the conversion
factor C

compressibility factor at base conditions

Intermediary result for calculating the K factor k and
the conversion factor C

Hint for the second end base conditions:

If z,, has to be calculated according to ISO 6976 or
GPA 2172, but the parameterized second base
conditions does not correspond to the correspon-
ding standard, then Zy, is calculated according to
AGA8-DC92.
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B

Zpair

compressibility factor of air at base conditions

Hint for the second base conditions:

If the parameterized second end base
correspond to one of the combinati
ISO 6976, then the value for 7y, 44
ISO 6976. Otherwise, 7y ai is
AGAS8 and is based on th
stated under ISO 6976.

#

Pbair

Molar mass

B

Mair

B

Mgas

ass of natural

gas Is calculat n asis of the complete gas
composition & to ISO 6976 ; if no complete
gas vector i le, then the M 4.5 is marked as

unuse:

VoS

VoS

PN GOST 30319.3 are based on a normalized gas

Qty of sound (calculated)

e VOS calculations according to AGA10 or

vector as well as the pressure p and the
temperature t at measurement conditions. VOS
calculation according to GOST 30319.2 is based on
the single gas components C0O, and N as well as
the pressure p and the temperature t at measure-
ment conditions.

= import value for the Station AFB (section
VOS comparison, parameter Calculated VOS
input)

=

isentropic exponent (intermediary result)

Co/Cy

compressibility-specific thermal ratio (AGA10 only)
(intermediary result)

Table 5-1: Nomenclature

enCore FC1
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5.2 International Calculation Methods

5.2.1 Overview

The following table lists the international standards and calculati et

the Gas Quality AFB supports, as well as the necessary in es a
their major results. Note that not all calculation methods ar
device types:

Procedures Required input Resulting v
values
_ Pp pop input 6
rd =
pbair rd input 3 ! '3
AGA8-DC92 p, t, Xi Zi, AGAS; Pb AGAS, K, C, pp, rd

‘ 0Ss, k, cp/cv

— VOS calculation
used (AGA10)

1ISO 6976, Pb cal 1 Zp, K, C, pp, rd,
GPA 2172 H4V caic, HiV calc, | HsV, HiV, HsM, HiM,
o HiM calc, | Ws, Wi
cales Wi calc
SGERG-88 p, t Zn, Zp, K, C

plus dependi

P, HsV, Xco2, Xn2;
Pb, HsV, Xn2, Xn2;
P, Xn2, Xco2;

rd, HsV, Xco2;

rd, HgV, Xn2;

rd, HsV, Xco2, Xuz;
rd, HsV, X2, Xu2;
rd, Xn2, Xco2

AGA-NX19, p, t, rd, HsV, X2, Zmy Zp, K, C
AGA-NX19 BR. Xco2
KORR.3H,
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Procedures

Required input
values

Resulting value
(Base conditions

Resulting value
(End base

GQ source)

AGA-NX19 GOST

GOST 30319.2

P, t, Xn2, Xcoz

— VOS calculation
used

GOST 30319.3

p, &, Xi

Zy GOSTs Pb_GOST

— VOS calculation
used

Table 5-2: Input values and

5.2.2 Required Input V
Procedures | Input values ramete|
section &pement conditions,
c,:f para r ut
el
S« i easurement conditions,
Qa § eter p input
5
I~ 8 normalized older Gas components, 22 components;
vector X; GOST 30319.3 is using 15 components
2} (A normalization procedure is carried out if the
L 2 input vector is not normalized.)
mperature t section Measurement conditions,
parameter t input
pressure p section Measurement conditions,
parameter p input
IS
; density at base folder Base conditions GQ source, parameter
8 conditions oy, Pb input
o
% relative density rd | folder Base conditions GQ source,
« parameter rd input
heating value HsV | folder Base conditions GQ source,
parameter HsV input
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Procedures | Input values Parameter
nitrogen Xy> folder Gas components, parameter N,
carbon dioxide folder Gas components, parameter
Xco2
hydrogen Xx» folder Gas components, parameter H,
temperature t section Measurement condit
parameter t input

pressure p section Measureme
o parameter p input
C
©
5 relative density rd o
>
> *
X
z heating value HsV er B e,
S parameter H.V li
<
nitrogen older Gas com e parameter N,
carbon id folder Gas ents, parameter CO,
X
tempe t S| easurement conditions,
er t input
N
ssure p ction Measurement conditions,
a ©| parameter p input
R nitroge folder Gas components, parameter N,
(O]
folder Gas components, parameter CO,

Ta -3: Calculation methods — input values and their parameters

5.3 Three-digit Error Code

Erroneous values are internally marked with a three-digit identifier. This
reflects the error status of a value.

Within the Preprocessings display, the error code for the input values of
individual levels are displayed in addition. Whether or not a preprocessing
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result has to be marked as erroneous depends on the error state of the
individual levels as well as on the parameterized alarm behavior (=> 2.1.1
Substitution Values and Substitution Strategies, p. 10). If a preprocessing
result is erroneous, then it has the same error code as the erroneous level
having the highest priority.

The following table lists all the error codes along withytheir meaning:

Error Meaning
identifier
INT (“INiTial”) The value was not yet determiheddafter the last start-up of the

enCore device.

00U (“Out Of Use”) The value is not used or not provided intentionally.

00s (“Out Of Service”) Aniinput value is marked.invalid,for further
processing using the parameter Out of Service’e.g. during
maintenance works,

Within@ preprocessing operation,yan QOS marked value is ignored; if
possiblej the preprocessing switchesito a substitute level without any
errormessage.

000 (“Out Of Order”) An inputivalue is physically not provided available, for
example due to a defective input board or a timeout/protocol error in
case of digitally transmitted values.

©0C (“Out Of Calculation”) is set for calculated or derived values, if ...
. .{arequired input value is erroneous.
e (\ "“lan internal error is detected in the calculation routine, e.g. as a

result of inconsistent input values.

Exceptions for the Gas Quality AFB: If an input component is erro-
neous in case of a complete gas vector, then the complete output gas
vector is marked as 0OC.

OLL (“Out of Lower Limit”) An input value is available, but it violates the
parameterized lower alarm limit (taking into consideration the
parameterized Hysteresis).

ouL (“Out of Upper Limit”) An input value is available, but it violates the
parameterized upper alarm limit (taking into consideration the
parameterized Hysteresis).

Table 5-4: Gas Quality AFB error codes

enCore FC1 Gas Quality AFB Page 71 of 73



6 Index

A

AGA10 35
parameterize 36

Alarm behavior
example 52

F

Flow Conversion,AFB 8
Functional area

Base conditions
background 57
end base conditions 32
gas quality measurement

device 19

Basic System 6 '

C
Calculation method eterization 55

input values

overview, 68

Input value

D condition-dependent 19

Display
Main display
overview 46 Level
lay and 45 erroneous 10

Display edi Limit monitoring 16

E M

Main display 46

Error code

overview 70 Main display 2 51
Error message Modularity 8

accept 60

view 59 N
Error messages 41 o .

preprocessing 39 Navigation (enCore device) 45
Error report Nomenclature 63

overview 39

Page 72 of 73 Gas Quality AFB enCore FC1



Index 6

(o) result (error-free) 13
result overview 18
Online help 5 simple 14
simple view 12
P single 11
substitution v, S sti n
Preprocessing 9 strategi
detailed view 12
group 11 S
limit monitoring 16
result (erroneous) 14 S b conditions

&V O

0*0
X
00
60

enCore FC1 Gas Quality AFB Page 73 of 73



	Contents
	1 About these Instructions
	2 Functional Description
	2.1 Defining Measurement Monitoring and Substitution Strategy (Preprocessing)
	2.1.1 Substitution Values and Substitution Strategies
	Parameterize substitution strategies in enSuite

	2.1.2 Monitoring Warning and Alarm Limits (Optional)
	Parameterizing limit monitoring in enSuite

	2.1.3 Results of Preprocessing Operations

	2.2 Parameterize Input Values and their Base Conditions (Source)
	Parameterizing the calculation methods in enSuite
	2.2.1 Pressure p, Temperature t and Gas Composition
	Parameterizing input values in enSuite

	2.2.2 Density ρb, Relative Density rd and Heating Values at Base Conditions (Source)
	Parameterize base conditions of the gas quality source in enSuite


	2.3 Calculating Gas Characteristics (End base conditions)
	Parameterizing base conditions of enCore FC1 in enSuite

	2.4 Calculating the Velocity of Sound (Optional)
	Activate VOS in enSuite

	2.5 Functioning at a Glance
	2.5.1 Flowchart

	2.6 Warnings and Alarms
	2.6.1 List of Warnings and Alarms of Preprocessing Operations
	2.6.2 List of Error Messages of the Gas Quality AFB


	3 Display and Operation
	3.1 Displays at a Glance
	3.2 Displays in Detail
	The main display and its target displays
	The Main display 2 (optional for 2nd end base conditions)


	4 FAQ
	4.1 The Alarm Behavior of Preprocessings – an Example
	Background
	Alarm Behavior

	4.2 Split up the Input Value for Hexane (C6H14) in Percentage for all the Higher Hydrocarbons
	Background
	Procedure

	4.3 For a Better Understanding: Base Conditions for Calculating Heating Value and Density at Base Conditions
	Special case: Second end base conditions for the enCore FC1 XE "Second base conditions"

	4.4 Display Error Messages
	Background
	Procedure

	4.5 Accepting Warning and Alarm Messages
	Background
	Procedure

	4.6 Calling up the Main Display 2 for the Second End Base Conditions
	Background
	Procedure


	5 Appendix
	5.1 Nomenclature
	5.2 International Calculation Methods
	5.2.1 Overview
	5.2.2 Required Input Values and their Parameterization

	5.3 Three-digit Error Code

	6 Index

