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Safety Symbols used in Manual

AWARNING

A CAUTION

The Danger symbol indicates a hazardous situation
that, if not avoided will result in death or serious injury.

The Warning symbol indicates a hazardous situation
that, if not avoided could result in death or serious
injury.

The Caution symbol with the safety alert symbol
indicates a hazardous situation that, if not avoided
could result in minor or moderate injury.

The Notice symbol is used to highlight information that
will optimize the use and reliability of the system.
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Important Safety Guidelines for Galvanic Applied Sciences Inc.,
ACCUCHROME Gas Chromatograph

AWARNING| _ , .
This equipment must be used as specified by the manufacturer or overall safety

will be impaired.

Access to this equipment should be limited to authorized, trained personnel ONLY.

Due to the thermal mass of the hardware, cooling of the items takes substantial

o

The analog outputs and alarm relay contacts may be powered by a source separate from the
one (s) used to power the analyzer system. Disconnecting the AC Mains Source (s) may not
remove power from the analog output signals or the alarm relay contacts.

Observe all warning labels on the analyzer enclosures.

Any safety recommendations or comments contained herein are suggested guidelines only.
Galvanic Applied Sciences Inc. bears no responsibility and assumes no liability for the use and/or
implementation of these suggested procedures.

This system, when operating in its normal mode, and/or when it is being serviced, maintained,
installed and commissioned contains items which may be hazardous to humans if handled or
operated incorrectly or negligently. These hazards include, but are not limited to:

¢ High Voltage Electrical Energy

e Toxic and Explosive Gases

¢ High Temperature Surfaces

A CAUTION Access to this equipment should be limited to only to authorized, trained
personnel.

Revision 6 11 2021/10/01



Manufacturer’s Warranty Statement

Galvanic Applied Sciences Inc. (“Seller”) warrants that its products will be free from defects in
materials and workmanship under normal use and service in general process conditions for 12
months from the date of Product start-up or 18 months from the date of shipping from Seller’s
production facility, whichever comes first (the “Warranty Period”). Products purchased by Seller
from a third party for resale to Buyer ("Resale Products") shall carry only the warranty extended
by the original manufacturer. Buyer agrees that Seller has no liability for Resale Products beyond
making a reasonable commercial effort to arrange for procurement and shipping of the Resale
Products. Buyer must give Seller notice of any warranty claim prior to the end of the Warranty
Period. Seller shall not be responsible for any defects (including latent defects) which are
reported to Seller after the end of the Warranty Period.

THIS WARRANTY AND ITS REMEDIES ARE IN LIEU OF ALL OTHER WARRANTIES OR
CONDITIONS EXPRESSED OR IMPLIED, ORAL OR WRITTEN, EITHER IN FACT OR BY
OPERATION OF LAW, STATUTORY OR OTHERWISE, INCLUDING BUT NOT LIMITED TO,
WARRANTIES OR CONDITIONS OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE, WHICH SELLER SPECIFICALLY DISCLAIMS.

Seller’s obligation under this warranty shall not arise until Buyer notifies Seller of the defect. Seller’s
sole responsibility and Buyer’s sole and exclusive remedy under this warranty is, at Seller’s option,
to replace or repair any defective component part of the product upon receipt of the Product at
Seller’s production facility, transportation charges prepaid or accept the return of the defective
Product and refund the purchase price paid by Buyer for that Product. If requested by Buyer, Seller
will use its best efforts to perform warranty services at Buyer’s facility, as soon as reasonably
practicable after notification by the Buyer of a possible defect provided that Buyer agrees to pay for
travel time, mileage from the Seller’s facility or travel costs to the airport / train station closest to
Buyer’s facility plus all other travel fees, hotel expenses and subsistence.

Except in the case of an authorized distributor or seller, authorized in writing by Seller to extend
this warranty to the distributor’'s customers, the warranty herein applies only to the original
purchaser from Seller (“Buyer”) and may not be assigned, sold, or otherwise transferred to a third
party. No warranty is made with respect to used, reconstructed, refurbished, or previously owned
Products, which will be so marked on the sales order and will be sold “As Is”.

Limitations
These warranties do not cover:

+ Consumable items such as lamps.

* Analyzer components which may be damaged by exposure to contamination or fouling
from the process fluid due to a process upset, improper sample extraction techniques or
improper sample preparation, fluid pressures in excess of the analyzer's maximum rated
pressure or fluid temperatures in excess of the analyzer's maximum rated
temperature. These include but are not limited to sample filters, pressure regulators,
transfer tubing, sample cells, optical components, pumps, measuring electrodes, switching
solenoids, pressure sensors or any other sample wetted components.

* Loss, damage, or defects resulting from transportation to Buyer’s facility, improper or
inadequate maintenance by Buyer, software or interfaces supplied by Buyer, operation
outside the environmental specifications for the instrument, use by unauthorized or
untrained personnel or improper site maintenance or preparation.
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* Products that have been altered or repaired by individuals other than Seller personnel or
its duly authorized representatives, unless the alteration or repair has been performed by
an authorized factory trained service technician in accordance with written procedures
supplied by Seller.

» Products that have been subject to misuse, neglect, accident, or improper installation.

* The sole and exclusive warranty applicable to software and firmware products provided by
Seller for use with a processor internal or external to the Product will be as follows: Seller
warrants that such software and firmware will conform to Seller’s program manuals or other
publicly available documentation made available by Seller current at the time of shipment
to Buyer when properly installed on that processor, provided however that Seller does not
warrant the operation of the processor or software or firmware will be uninterrupted or error-
free.

The warranty herein applies only to Products within the agreed country of original end destination.
Products transferred outside the country of original end destination, either by the Seller at the
direction of the Buyer or by Buyer’s actions subsequent to delivery, may be subject to additional
charges prior to warranty repair or replacement of such Products based on the actual location of
such Products and Seller’s warranty and/or service surcharges for such location(s).

Repaired Products
Repaired products are warranted for 90 days with the above exceptions.

Limitation of Remedy and Liability

IN NO EVENT SHALL SELLER BE LIABLE TO BUYER FOR ANY INDIRECT, CONSEQUENTIAL,
INCIDENTAL, SPECIAL OR PUNITIVE DAMAGES, OR FOR ANY LOSS OF USE OR
PRODUCTION, OR ANY LOSS OF DATA, PROFITS OR REVENUES, OR ANY CLAIMS RAISED
BY CUSTOMERS OF BUYER OR ANY ENVIRONMENTAL DAMAGE OR ANY FINES IMPOSED
ON BUYER BY ANY GOVERNMENTAL OR REGULATORY AUTHORITIES, WHETHER SUCH
DAMAGES ARE DIRECT OR INDIRECT, AND REGARDLESS OF THE FORM OF ACTION
(WHETHER FOR BREACH OF CONTRACT OR WARRANTY OR IN TORT OR STRICT
LIABILITY) AND WHETHER ADVISED OF THE POSSIBILITY OF SUCH DAMAGES OR NOT.
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Section 1 Overview of the AccuChrome Gas Chromatograph

1.1 Analyzer General Description
1.1.1  Introduction

The ACCUCHROME gas chromatograph is designed to identify and quantify the components
of natural gas and natural gas products. It can also be used to measure other gaseous
samples when fitted with appropriate columns. It calculates the energy content and provides
mole percent concentrations of each component as per GPA 2172-09 or ISO 6976. The
chromatograph is fully automated and designed to perform on-line, real time analysis. The
Windows™ based configuration program allows the user to view chromatograms as well as
configure the analyzer.

The component concentrations and the calculated physical properties are available via serial
Modbus and/or Modbus TCP/IP.

The ACCUCHROME is available in both Class 1 Division 1 and Class 1 Division 2 models.
Each of these models is also available with the option of AC power.

1.2 General Mode of Operation of the Gas Chromatograph

A detailed discussion of the theory of the separation and detection of the gases of interest via
gas chromatography is presented in Section 11. In addition, the definition of terms relevant
to gas chromatography and the description of various equations used in determination of the
concentration of gases are presented in Section 13. If the reader in unfamiliar with gas
chromatography, it may be useful to review these appendices.
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Section 2 Analyzer Design

2.1 Overview

The standard ACCUCHROME (Figure 2-1) consists of two compartments. The upper
compartment is referred to as the ‘chromatograph oven’, and houses the components
involved in the chromatograph analysis process. The 10 port valve (and 6-port valve, in High
Speed Heating Value Analysis analyzers), the chromatograph column(s), and the thermal
conductivity detector (TCD) are described further in Sections 2.2 and 2.3. A heater maintains
a constant temperature within the oven, which is critical for proper separation of the sample
gasses and the stability of the detector.

Cumns/f _
Oven Heater | . %ﬁ

Electronics
Enclosure (Class 1
Division 1 shown)

Local Display

Figure 2-1: Main Components of the Accuchrome Gas Chromatograph-Class 1 Division 1

The lower compartment houses the ACCUCHROME electronics.
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2.2 Chromatograph Oven

2.2.1 Injection/Switching Valves

The ACCUCHROME uses Valco Model DV22 injection/switching valves for directing the flow
of carrier gas and sample gas within the chromatograph oven. See Section 15 of this manual
for more information about the operation and maintenance of the valves.

2.2.2 Chromatograph Columns

The ACCUCHROME uses micro-packed columns for the separation of the natural gas into its
constituent components. The stationary phase is either porous polymer or liquid coated
diatomaceous earth and is packed into a 1/16” O.D. tube. The length of the column will
depend on the specific separation requirements.

The micro-packed columns are manufactured by Galvanic Applied Sciences. The
chromatograph valve and column are shown in Figure 2-2.

Sample Loop

Column 2

Helium enters to

Column 1
actuate valve

Figure 2-2: Chromatograph Valve and Columns
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2.2.3 Thermal Conductivity Detector

A thermal conductivity detector (TCD) is used to detect the amount of each individual
component as it elutes from the chromatograph columns (Figure 2-3). The TCD is housed
inside the chromatograph oven and is kept at a very stable temperature to minimize drift.

Figure 2-3: Thermal Conductivity Detector

The TCD consists of 2 thermistor beads housed in separate compartments, the Reference
Cell and the Measure Cell.

When there are no components eluting from the column(s), both of the thermistors are
exposed to carrier gas and will be at the same temperature and thus have the same
resistance. In this case the Wheatstone Bridge is balanced and the voltage from the circuit
will remain at zero. The outlet of the column is plumbed to the Measurement cell so that
when a compound elutes from the column it passes through the Measurement cell while the
Reference cell contains only carrier gas.

Heat from the Measure thermistor will be transferred away from the Thermistor by the gas
that passes through the Measure Cell. The amount of heat that is transferred will depend on
the amount of gas that is flowing past and that gas’s ability to conduct heat (its thermal
conductivity). The temperature of the Measure Thermistor, and thus its resistance, will
change. In this case the Wheatstone Bridge will become unbalanced and a voltage
deflection will be observed.

Revision 6 4 2021/10/01



2.3 Electronics Enclosure

The electronics enclosure houses the controller board, the I/O board and the display. Class 1

Division 1 models also have 2 intrinsic safety (IS) barrier boards. Figure 2-1 shows the Class
1 Division 2 model.

2.31 The Controller Board

Figure 2-4 shows the controller board. This board contains the microprocessor and
associated components.

Figure 2-4: The Controller Board

2.3.2 Thel/O Board

Figure 2-5 shows the 1/0 board. The I/O board contains all of the inputs and outputs required
for the GC analysis as well as customer connections. See Section 12 for detailed
descriptions of the connections.
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Figure 2-5: The I/0 Board

2.3.3 The Display

The display (Figure 2-6) is mounted on the analyzer electronics enclosure door (for both Div
1 and Div 2 models). The display uses a local intrinsically safe keypad for navigation and can
be used to view status data about the chromatograph.
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Figure 2-6: The Display

The display is an industrial VGA display with 640 x 480 resolution. It uses TFT technology
with 260,000 colors and is sunlight readable.

2.3.4 The Intrinsic Safety (IS) Barrier

The IS barrier (Figure 2-7) is used in the Class Division 1 units only. All electrical signals that
connect from inside the explosion proof enclosure to inside the GC oven must pass through
the IS barrier. The purpose of the IS barrier is to limit the amount of electrical energy that can
exit the explosion proof enclosure to avoid creating an ignition source.
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Figure 2-7: The Intrinsically Safe Barrier
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2.4 Typical GC Oven Arrangements
241 12-Minute Cycle Time Systems

The oven compartment for a typical 12-minute cycle time ACCUCHROME system is
composed of a Valco model DV22 10 port valve and two columns (some applications may
only require one).

e The valve, which performs sample injection and back flushing, is actuated by the carrier
gas. It is specifically designed for heavy-duty applications and is rated at 1,000,000
injections before requiring service. The injection volume is controlled by a fixed-volume
sample loop.

o Chromatography columns are employed to separate the natural gas. In two column natural
gas analysis systems, Column 1 separates all components except C6+, trapping C6+ for a
quick back flush out. Column 2 separates the remaining components. The total analysis
time is about 12 minutes, and the analysis is run isothermally at 70° C.

e The temperature of the chromatograph oven is controlled to minimize retention time shifts
due to ambient temperature changes. The gas flow paths for single column and two column
configurations are shown in Figure 2-8 and Figure 2-9.

CALIBRATION

IN

SAMPLE

Valve Not Actuated
— — — Valve Actuated

SAMPLE LOOP

SAMPLE

HELIUM

REFERENCE CARRIER

é W 60 PSIG
TCD

ﬁMPER Air Supply VENT

- I

——

MEASURING
COLUMN
> TO ATMOSPHERE
— — —>
BUFFER COLUMN

Figure 2-8: Single Column Flow Diagram
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Figure 2-9: Two Column Flow Diagram

24.2 4-Minute Analysis Cycle

The oven compartment for a typical 4-minute cycle time ACCUCHROME system is
composed of one Valco model DV22 10 port valve, one Valco model DV22 10 port valve and
four columns.

Four chromatography columns are used to facilitate the rapid analysis of the sample gas. All
components but C6+ pass through column 1, and C6+ is trapped by column 1 for a quick
back flush out. Column 2 allows for the rapid passage of nitrogen, methane, carbon dioxide
and ethane into column 3, while separating the heavier hydrocarbon components propane, i-
butane and n-butane, and i-pentane and n-pentane. Once ethane has entered column 3, the
six-port valve is actuated, trapping nitrogen, methane, carbon dioxide and ethane in column
3.

The heavier components pass through a jumper (marked in the diagram as R1), a short piece
of tubing containing no packing material, on their way to the detector. Once n-pentane has
eluted, the six-port valve is actuated a second time, and nitrogen, methane, carbon dioxide
and ethane then elute from column 3. Total analysis time is about 4 minutes, and as before
the analysis is run isothermally at 70°C. The gas flow path for the HSHV analysis is shown in
Figure 2-10.
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Figure 2-10: 4-Minute Analysis Flow Diagram
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Section 3 Installation

3.1 Receiving the System

When the ACCUCHROME Natural Gas Chromatograph arrives, inspect the packaging for
external signs of damage. If there is any obvious physical damage, immediately contact the
shipping agent and Galvanic Applied Sciences to report the damage and request that the
carrier's agent be present when the unit is unpacked. It is recommended that you retain the
shipping container so that it may be used for future shipment of the unit, if necessary.

3.2 Environmental Requirements

3.21 Temperature/Humidity

The ACCUCHROME Natural Gas Chromatograph is designed to be operated at ambient
temperatures from -18°C to +60°C. The humidity should be between 0 and 95%, non-
condensing. For maximum accuracy and reliability it is recommended that the analyzer be
housed in an environmentally controlled shelter or enclosure.

For outdoor installations, the analyzer should be protected from direct sunlight and rain.
Enclosures are available from Galvanic Applied Sciences.

3.2.2 Space Requirements /Weight
The size and weight of the ACCUCHROME Natural Gas Chromatograph is presented in
Table
3-1. The installation site should provide adequate room for opening the cabinet doors for
maintenance and repair procedures. Complete dimensional information is provided in
Figures 3-1 and 3-2.

When the system is installed, leave 6” between the unit and other devices.

Table 3-1: Space/Weight of the ACCUCHROME Chromatograph

Size Weight

Class 1,Div1 | AC: 1216 mm (47.875") H x 686 mm (27°) W x 260 mm | AC: 61kg (135
(10.25”) Ibs)

DC: 838 mm (33") H x 686 mm (27") W x 260 mm | DC: 54.4kg
(10.25”) (120 Ibs)

Class 1,Div2 | 838 mm (33") Hx 686 mm (27”) W x 235 mm (9.25") 38.5kg (85
Ibs)
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Figure 3-1: Physical Dimensions - Class 1, Div2 ACCUCHROME Chromatograph
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Figure 3-2: Physical Dimensions - Class 1, Div 1 Explosion Proof ACCUCHROME
Chromatograph

Explosion Hazard — Substitution of components may impair suitability for
Class 1, Division 1 or Class 1, Division 2.

Risque d’explosion — La substitution de composants peut render ce
material inacceptable pour les emplacements de Classe |, Division 2.
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3.3 Sampling Considerations
3.3.1  Sampling Point Location

The ACCUCHROME Natural Gas Chromatograph should be located at a point as close as
possible to the stream being analyzed to avoid lag times and sample degradation in the
delivery line. The samples sent to the analyzer must be representative of the stream.

3.3.2 Sample Volume and Flow Rate

The sample should be supplied to the analyzer at a maximum pressure of 100 psig. A flow
meter at the analyzer will control the flow into the analyzer's sample valve at 50cc/min. A
bypass sweep is recommended to reduce lag time in the sample lines.

3.3.3 Sample Conditioning

An optional sampling system is available with the ACCUCHROME Natural Gas
Chromatograph to regulate and filter the sample. The sample system is required if the
sample is not available at a pressure less than 100 psig, contains particulates, or is subject to
liquid dropout. Consideration must be taken of normal conditions as well as abnormal
conditions when designing the sample system as contamination may be an issue. Please
contact Galvanic Applied Sciences for assistance.

3.4 Electrical Requirements
The ACCUCHROME is available with 24 VDC power input or 90-240 VAC power input.

The power consumption is approximately 150 watts at start-up and approximately 50 watts
when running at constant temperature.
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3.5

Unpacking

The ACCUCHROME Natural Gas Chromatograph is packed for shipment in a wooden crate.

To unpack the system:

Remove the lid by undoing the screws.

Once the lid is off, remove the excess packing material and boxes from the shipping
crate.

Visually inspect the small packages to ensure that no major damage has occurred. If
damage has occurred, contact the shipping company and Galvanic Applied Sciences.
Place the small packages aside in a safe, secure storage area as they are not needed at
this stage of the system installation.

Inspect the internal equipment to ensure that no damage has occurred and that no
components have become loose during transport.

If any damage is visible contact Galvanic Applied Sciences Inc. immediately and do not
proceed with the system installation. Do not attempt to facilitate repairs yourself as this
will negate and/or invalidate any possible insurance claim or equipment warranty.

If no damage is apparent, the analyzer system is ready for transport to the installation
(sample point) site.

3.5 Installation Steps

The ACCUCHROME analyzer was tested and configured at the factory. The program
parameters are documented in the Configuration Report (enclosed with this manual).

To install the ACCUCHROME Natural Gas Chromatograph:

a)

b)

Firmly bolt the analyzer to the plant support structure. The structure should be able to
support the system.

The Class 1 Div 1 system has four (4) 3/4" diameter holes to accommodate the mounting
to the plant support structure. The plant support structure should be suitable for mounting
the analyzer frame.

The Class 1, Div 2 system has four (4) 3/4" diameter holes to accommodate the mounting
to the plant support structure. The plant support structure should be suitable for mounting
the analyzer frame.

Follow all plant/company safety procedures while installing the
ACCUCHROME.

Connect the source of carrier gas. The carrier gas should be supplied to the analyzer at
80 - 100 psig using 4" stainless steel tubing. For uninterrupted carrier gas it is
recommended that a cross over manifold system be used.
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c) Connect the calibration gas. The calibration gas should be connected to the analyzer
using 1/4” stainless steel tubing at 15 psig.

d) Connect the sample gas. The sample gas is extracted from the process pipe by means
of a sample probe. Galvanic Applied Sciences recommends the use of a probe/regulator
type assembly for the gas extraction. The pressure should be dropped at the sample
point from pipeline pressure to 30 - 50 psig and further reduced at the analyzer to 15
psig. 1/4” stainless steel lines are recommended. The hydrocarbon dewpoint of the
sample should be taken into consideration to ensure that the temperature of the sample
gas does not drop below the hydrocarbon dewpoint of the sample. This may require the
use of heated sample transfer lines.
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Figure 3-3: Gas Tube-in Ports and Vent, Class 1, Div. 1 System
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Figure 3-4: Gas Tube-in Ports and Vent, Class 1, Div. 2 System

e) There are 2 vents from the oven on the ACCUCHROME. One vent, the “Sample Vent”
is used for the gas that flows through the chromatograph injection valve’s sample loop.
This line can be vented to atmosphere or to a low pressure flare header. The second
vent, the “Detector Vent”, is used for the effluent from the chromatograph column(s).
This must be vented to atmosphere.

f) Connect Signal Cables(s) to the analyzer. The analysis results are available on Modbus
Serial, Modbus TCP/IP, or by 4-20 mA signals.

See Section 12 for detailed wiring instructions.

Installation of the conduit, wiring and disconnect devices must comply with
all applicable national, local and user electrical codes.
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g) Connect the power to the analyzer.

A switch or circuit breaker should be included in the building installation.

The switch/circuit breaker shall be in close proximity to the equipment and
within easy reach of the operator. The switch/circuit shall be marked as the
disconnecting device for the equipment.

h) Power up the system.

3.6

Interfacing the Chromatograph to the Computer

Connection to the analyzer can be made by ethernet, serial port (RS232 or RS485). To
connect the Chromatograph to the Computer:

a) Connect the cable between the chromatograph and the computer.

b) Access the System tab on the display on the chromatograph using the Next Panel key on

the keypad.

c) Access the Network sub-panel (Figure 3-5) using the Next Panel key on the keypad.

EY Phindows -10.251.84

irifo \| Metwark {Tools

=8 EER T

MAC Address:

C4.24.2E.00.00.8F

Metwork Direct
Type: X DHCP [ Manual
IP Address: 10.25.1.84 IP Address:
Metmask: 255.255.255.0 Metmask:

MAC Address:

00.ED.4B.45.6E.AE

Connect

192.8.200.16
255.255.255.0

Status: active Status: inactive
General
Gateway: 10.25.1.254
HName Servers:
Uptime: 2d 22:46:48

‘ Apply H Undo |

| Manual IfO OFF

135sT 125sl

Figure 3-5: Network Sub-panel
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A detailed description of the use of the keypad and display is presented in
Section 4.2.

d) Select either DHCP or Manual and press Enter.

o [f DHCP is selected, the local area network will automatically assign an IP address to
the unit.

e [f Manual is selected, the user must enter the IP address, netmask and gateway.

e) Press Apply.

3.7 Customer Connections

Typical connection to the analyzer is by ethernet, serial port (RS232 or RS485) or analog signal (4-
20mA). Up to four relay signals can be connected for status and fault monitoring.

Revision 6 20 2021/10/01



Section 4 The User Interaction Scheme

4.1 Overview

The display on the chromatograph provides a broad overview of the system status and the
concentration of the various compounds in the sample. The display and keypad used for
local control are described in Section 4.2.

The application software (GUI) on the computer is designed to generate a configuration
(which describes the overall operation of the system), collect and process chromatographic
data, generate reports and archive data. Section 4.3 describes how to log onto the system.
The application software is divided into two parts:

¢ View - used for routine operation of the chromatograph (Section 4.4).

e Edit - used to establish the configuration. The configuration is transmitted to the system
(Chapter 5). A variety of configurations can be generated and downloaded as required to
meet the needs of the facility.

Chapter 6 presents a discussion of routine operation of the system and Chapter 7 presents a
description about how the system is calibrated.

4.2 Navigating the Chromatograph Display

The display (the default display is shown in Figure 4-1) on the chromatograph module
presents an overview of the system status and the concentration of the various components
in the sample. The display is controlled by the keypad provided with the system and a
number of screens can be displayed as described below.
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Analysis Results “Chiro

Physical Properties Dry Wet

Stream |Stream 1 _
Gross HY Ideal Gas 1057.21 103877
Injection Time |Wed Oct 23 06:20:51 2013 Met HY deal Gas 854,41 837.76
5G Ideal Gas 06166 08167
Base Pressure 14.696 psia Grass HY Real Gas 1053.71 1041.59
Components (GPA) [ Dry | wet ||MetHV Real Gas 956,67 940.31
CE4 0033 003756 Real Gas 06178 06181
PeranE 1.023 1.015 WDbbE Inde}{ 134820 1224.82
i=o-Butane 0307 0202 C|:I|"I"IFerSSltlllltyI 0.8976 0.9973
n-Butane 0208 0.303)|GFM R RS
iso-Pentane 0.107 0,105
n-Fantane 0,102 0,101
Mitragen 2283 2243
Methane 90.267 88,693
coz2 05100 0501
Ethane 3.042 4,960
YWater Vapor 0.0000 0.0174
Mormalized Total 100,000
Un-narmalized Total 110.03

Blsiest

Manual /O OFF 216sT 44sl
— |

Figure 4-1: The Display on the Chromatograph

The bottom line of the display indicates system status. The right two values indicate the
elapsed time and the remaining time of the present run.

The first field on the bottom line of the display will present Run, Halt Pending or Halt,
depending on the present status of the chromatograph.

The second field on the bottom line of the display indicates alarm status. If an alarm is
present, the field will turn red and read Alarm.
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421 The Keypad Controller

The Keypad Controller (Figure 4-2) is used to navigate between the various screens of the
display, enter data and initiate/terminate runs.

PLGC Il

PANEL PANEL FIELD FIELD
PREV MNEXT PREV NEXT

=5 CIENCES INC.

Figure 4-2: The Keypad Controller

Panel Prev/Panel Next - used to navigate between panels on the display
Field Prev/Field Next - used to navigate between fields on a panel.
Home - displays the Analysis Results panel (Figure 4-1)

Run/Halt - Initiates/Stops the present separation

Del - Removes the present setting

Exit - Exits an editable field without changing the value.

Enter - Used to indicate that the present value is to be used.
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4.2.2 The Analysis Results Tab

The Analysis Results tab (Figure 4-1) presents the analytical results and calculated
properties from the most recent run.

Data from the previous run can be obtained by selecting the Older button (the check mark by

Latest will be removed). The Newer button is used to present the newest data if the Older
button has been used or the checkmark by the Latest box can be checked.

4.2.3 Chromatogram Tab

The Chromatogram tab (Figure 4-3) presents the chromatogram that is presently being
collected.

Analysis Resultsw Chrumatugram‘\elarms GC Status‘QD Status ystem_
2,63
R
SalSs
2.50-
1.88-
RS
0.63-
0.00-
-0.63
0 30 G0 a0 120 150 150 210 240 270 300
[ owerlay Offline Graph Time (seconds)
Run Mo Alarm Manual I/O OFF 195sT 65sl

Figure 4-3: Chromatogram Tab
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424 Alarms Tab

The Alarms tab (Figure 4-4) presents a list of alarms that have been observed.

[T Phindows - 10.25.1.208 - =101 x|
# Source Description Timestamp

1 I0 Analog Input High Alarm #0 Thu Hov 07 14:06:28 | —

(=]

Manual /O OFF 243st  37sl

Figure 4-4: The Alarms Tab
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4.2.5 GC Status Tab

The GC Status tab (Figure 4-5) indicates the instantaneous status of the system and is read-
only information.

GC Status ™

Wed Oct 23 07:30:49 2013

Current Stream Stream 1

Time| 248sT 12sl

Oven Temperature

TCD Reading 3.23 m¥
TCD Excitation 25.00 mA
TCD Gain 2]

Zero Base Line| -139.406 mY

. Run || NoAlarm Manual /O OFF 2481 12sl

Figure 4-5: GC Status Tab
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4.2.6 I/O Status Tab

The I/O Status tab (Figure 4-6) is used to indicate the present status of the Digital Inputs,
Relays, Valves and Solenoids. A green background indicates that the device is currently
turned on while a grey background indicates that it is turned off. This information cannot be
edited by the controller.

Digital Inputs w1 (w2 (D1 |D2

Relays |[R1 |R2 |R3 |R4

GC Valves |Cc1 |c2 |c3 |ca

Solenoids |s1 |s2 |3 |s4 |‘55 S6 |‘5? |‘53 |‘59 Em

AD 1 Analog Input 1
20.000 mA 2.777 mA
AD 2 Analog Input 2
20.000 mA 3.288 mA
AD 3 Analog Input 3
20,000 mA 3.428 mA
AO 4 B4 Averaged values
20,000 mA [ Default Mames

Manual 17O OFF 148sT 112sl

Figure 4-6: 1/0 Status Tab

If the Averaged Values check box is selected, the values are average over a period defined
internal to the analyzer

If the Default Names check box is selected, the names for the analog inputs and outputs will
be the names assigned during manufacturing, rather than names provided by the GUI.
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4.2.7 System Tab

The System tab (Figure 4-7) has 3 sub tabs.

4.2.7.1 Info Sub-tab

The Info sub-tab (Figure 4-7) presents information that may be useful when you are
requesting assistance from Galvanic Sciences. This information cannot be edited.

Infa \[@ehﬁmrk {Toals™,

Mame | Value
Analyzer Model Number PLGC-3
Analyzer Serial Mumber SN1331GC3003
Controller Firmware Rev tip
If0 Board Serial Wumber 123456
If0 Board Firmware Revw, 1175063210
Site ID Galvanic
Location Cal Lab

Apply || Undo | |Revert|| Save

Manual /O OFF 24EsT 1ksl

Figure 4-7: Info Screen

The Revert button sets the values to the previous settings and the Save button is used to
enable the changes.
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4.2.7.2 Network Sub-tab

The Network sub tab (Figure 4-8) is used to establish communication between the
chromatograph and the computer. A detailed discussion of this topic is presented in Section

3.6.

[rifo ‘-|Netwurk {Tonls™ _

Metwork Direct Connect
Type: [JDHCP B4 Manual
IP Address: 10.25.1.208 IP Address: 192.9.200.16
Hetmask: 255.255.255.0 Hetmask: 255.255.255.0
MAC Address: C4.24.2E.00.00.43 MAC Address: 00.30.64.0F.0E.FA
Status: active Status: inactive
|
General
Gateway: 10.25.1.254

Name Servers:

‘ Uptime:  1d 22:58:39
i Apply || Undo Revert || Save
Manual IO OFF 223sT 37sl

Figure 4-8: The Network Tab
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4.2.7.3 The Tools Sub-tab

The Tools sub-tab (Figure 4-9) can be used to adjust the backlighting of the display and fan
speed for the microprocessor cooler (optional). The More and Less buttons are used to
adjust the settings (the slider is merely an indication of the level and is controlled by these

buttons)

The Analysis Y Range and Analysis X Range fields are used to set the scale for the display
of the Chromatogram (Section 4.2.3).

In addition, this tab presents information about various software modules that may be useful
when you are requesting assistance from Galvanic Sciences. This information cannot be
edited.

[rfo \|Hatwu:urk ‘|TDI:I|S

Max |

| Analysisl ¥ Range || Analysisl X Range || GCController

) Fe WVerzion: 518+(b57a983a334e+)
Minutes Build date: 2013-10-15Mauntain Daylight Tirme-10:55:00

Databaze: bleba3?7e9018 2013-10-03 23:52

LCD Backlight

GCMicroGUI

Version: [cd@cBelfcded+]
MMore Build d ; e : liaht Ti e
D ui ate: 2013-09-30Mountain Daylight Time-14:12:24
Less Databaze: 1047d7922365 2013-09-27 17:55
Modbus
Version: []
Fan Control Build date:
More Databasze;
D Logger
Less Verzion: (4047393779cd)
Build date: 2013-10-03Mountain Daylight Time-10:34:56

Database: 1047d7922365 2013-09-27 1755
GCPE
“ersion: (cd8cGelfcded+)

Database: 1047d7922365 2013-09-27 17:55
WwORMING: Databaszes do not match

Build date: 2013-09-30Mountain Daylight Time-14:11:45

Apply Undo Revert || Save
Manual I/O OFF 211sT 49sl
Figure 4-9: The Tools Tab
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4.3 Powering Up the Application Software

This discussion assumes that the computer and chromatograph have been
interfaced as described in Section 3.

Start the connection protocol selecting the ACCUCHROME icon on the desktop (Figure 4-
10).

Figure 4-10: ACCUCHROME Icon

The Log In Navigation window (Figure 4-11) will be presented (superimposed on the main
window).

Log In Navigation = -4

wet Create New g Open Existing
Connection - Connection

New Connechon Existng Connechon

Connect To Connect To
Front Panel Default
Connection

Front Pansl Default Connection

Figure 4-11: Log in Navigation Dialog Box

Create New Connection - presents the New Connection Setup dialog box (Figure 4-12),
which is used the first time the analyzer is connected to the computer. Section 3.6 describes
how to assign an IP address to the analyzer.
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=

(57 New Connection Setup

- =M 168 .1.125 'E? AE: Port Description Default
Pnrt'. b 10,25.1.212 6555 Thomas
152.9200.16 6555 Frort Panel [
Description:
10251108 §555 | Max ]
10:25.1.83 6555 Zatko |
10.25.1.78 6555 |Hectronics ]
10.25.1.208 §555 | Callsb ]
10.25.1.207 5555  |John |

Figure 4-12: New Connection Setup Dialog Box

a) Enter the IP address for the system, ensure that the port is set to 6555 and enter the
name for of the system in the Description field.

b) Press the Add button, then press the Save button. The information will appear in the
table.

c) Move the P to the appropriate IP and place a check mark in the default field for that IP.
d) Press Connect.

Open Existing Connection - presents the Existing Connection dialog box (Figure 4-13),
which is used to connect the computer to the chromatograph using a pre-existing IP address.

S T =]
5 o N )

Analyzer Name/Description: ['I'I’mmas

Analyzer Ethernat Network |P Port Number: 6535

GUI Periodic Polling Analyzer Data Time: [1000 [ms

Figure 4-13: Exist Connection Dialog Box
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The IP address and description can be selected via the drop down menus. The polling
analyzer data time can be set between 200 and 1000 ms. Press Connect when the
appropriate IP address and name are indicated.

Connect to Front Panel - Allows for communication between the computer and the
chromatograph via the front Ethernet connection. This option is normally used when the
analyzer is not connected to a network.

Connect to Default Connection - Automatically connects the computer to the system using
the IP indicated by the selected default check mark (Figure 4-12).

When the connection between the computer and the chromatograph is made, the Select
Mode dialog box (Figure 4-14) will be presented.

— Select Mode First, Then Log On |‘i_E-J

| View @&ﬁt ‘ E%Famw

Figure 4-14: Select Mode Dialog Box

¢ View mode allows the user to collect data using the chromatograph but does not permit
changes to the analytical parameters.

¢ Edit allows the user to make changes to the analytical parameters of the analyzer. If Edit
mode is chosen, a dialog box will appear, prompting the user to enter a password. Edit
mode is described in Section 5.

¢ Factory mode is reserved for service engineers.

Revision 6 33 2021/10/01



= &
Tools
* Chromalogram Archives ¢ Evenls * Reports
VIEW MODE Wos,  Sclected Cuve: = » Fl
il B Y &[] i
Running | 13 | TraceColor Restore Auto-Scale ogram  Actions Retrieve Ch PauanPnil
Aane o |
Manual D o 5000.00 mV
Control
Connected Analyzer: SRS —To |
Peter 4000.00 mV —|
1425924 252 3500.00 mV —
3000.00 mV —|
Baseline Offset (mV): sl
1416 il
2000.00 mv —|
TCD Excitation {mA)-
1500.00 my —{
25.00 "
1000.00 mv —
TCD Gain:
500.00 mY —|
s 000 | i
.00 mV
TCD Reading {mV): -500.00 mV —
332 ~1000.00 mV—]
= i ~1500.00 mV—|
70.001 -2000.00 mv —|
Cydle Time (sec.): T
2418 ~3000.00 mV—|
: ~3500.00 mV—|
Stream 1 ~41000.00 mV —|
~4500.00 mV—|
Analyzer Time:
BT -5000.00 mV-
2:12:35 PM 00 QDIB ddD SdD 360 1000 1260 IAISO TSE)D WE"DD 20150 22150 2460 26\")0 28150 30;)0 324‘)0 3400
Time{seconds)
70,533 sec., 2726 658 mV'
O™ e Curser Coordinates

|

4.4 The Main Screen - View Mode

The main screen in View mode is presented in Figure 4-15 and consists of a number of
different regions.

Figure 4-15: Main Screen ACCUCHROME

a) Quick Access Toolbar (Section 4.4.1)

b) Toolbar (Section 4.4.2)

c) System Operating Parameters (Section 4.4.3)

d) Alarms (Section 4.4.4)

e) Min/Max Buttons (Section 4.4.5)
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4.4.1 Quick Access Toolbar

The Quick Access Toolbar (Figure 4-16) includes a number of items that are used for general
purposes.

Figure 4-16: Toolbar

- Accesses a menu that includes Restore, Move, Size, Maximize, Minimise and Close.
These are standard Windows commands.

H - Toggles between Connect to Analyzer and Disconnect from Analyzer. This is used
to initiate the log-on process.

1)

- - RUN/HALT - When the system is running, pressing the icon will terminate the
operation of the system at the end of the present run. During the time between when the Halt
Button is pressed and the end of the cycle, the analyzer will be in the Halt Pending Mode.
When the system is not running, it will initiate a run.

44.2 Toolbar

The Tools button immediately below the Quick Access Toolbar presents the Toolbar (Figure
4-17).

_ Controller Configurstion

Figure 4-17: The Ribbon
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Log In/Log Out - Presents the Log in Navigation dialog box (Figure 4-11). When the system is
logged in, the function of this button toggles to Log Off.

Permanent Configuration Write - stores the present configuration on the chromatograph.

Save Configuration - stores the present configuration on the computer

Change Password - presents a dialog box to enter the existing password and the new password.
The new password must be entered two times to verify the correct entry. This dialog box can be

used to change the GUI password.

About - presents a dialog box with the version number and software release date. Please provide
this information when inquiring about service issues.

4.4.3 System Operating Parameters

The left column of the window presents the status of the system and a variety of operating
parameters. These fields are updated once per second and cannot be edited by the
operator.

The top line indicates the GUI connection status: OFFLINE, READ ONLY or UPDATE.

The second line indicates the status of the chromatograph: RUNNING, HALT or HALT
PENDING.

A green stripe at the bottom of this region indicates that data is being transferred, if the
chromatograph is transmitting data to the computer, the Rx indicator will be green. If the,

computer is transmitting data to the chromatograph the Tx indicator will be green. A red light
by Alarms indicates that an alarm was noted (see bottom of window to view it).

444 Alarm Tab

The Alarm tab at the bottom of the window is provided to access the Alarms table and Events
table, which may provide important operating information.

445 Min and Max Buttons

The Min and Max buttons are used to select the overall display of the screen. In Min mode,.
the Toolbar is presented and the tabbed pages are reduced in size.
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4.5 Tabbed Pages

There are five tabbed pages in Read Only Mode:

e Chromatogram - present chromatographic data and allow for data manipulation (Section
4.5.1).

e Analysis Results - presents a listing of analytical data from the chromatograph (Section
4.5.2).

e Archives - presents a listing of stored analytical data (Section 4.5.3).

e Events - presents a list of the various activities that occurred during the separation (Section
4.5.4).

e Reports — provides access to various reports of information on the chromatograph (Section
4.5.5).

451 The Chromatogram Tab

The Chromatogram tab (Figure 4-18) is a running presentation of the chromatographic data
collected by the gas chromatograph.

ocls
* Che alysisReaults + Archives ¢ Evenls * Reports
R =, - R R
| Running| 13 | TraceColor Restore Auto-Seale s RaieraCh Pmm
Aame ¢ | SO wogam
Morual /0 o 5000.00mY
e . 450000 mv —| — 7eD
Peter 4000.00 mv |
1425924 252 3500.00 mV —
300000 mv |
Baseline Offset (mV) |
1416 2500.00 mV —| ‘
= 2000.00mv —
T;;;’;mm L 1500.00my —|
- 1000.00 mv —| ‘
TCD Gain:
§ 500.00 my |
0.00mv | Lal £
T -500.00 mv —|
332 ] -1000.00 mV —|
P . -1500.00 mv —|
70.001 4200000 mV—|
Ty -2500.00 mV—|
SHTR -3000.00 mV—|
—_—— -3500.00 mv—|
rr— ~4000.00 mV —|
e ~4500.00 mV—|
212:35PM s a0 o ®o 1o who  wo v who w0 v amo w0 mo  whe @0 ao
Time (seconds)
70533 sec. 2726 658 mV
‘ msEEry Cursor Coordinates
ey |

Figure 4-18: Chromatogram Tab
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4.5. 1 1 Ribb_on Bar
2 amm H B B O = "D!

Rm:m Muto-Scale  Edit Chromatogram  Actions Components Reheve&mrnﬁngam

3

] [

Figure 4-19: Chromatogram Tab Ribbon Bar
The Ribbon Bar on the chromatogram tab provides access to a number of commands to
present the chromatogram as desired.

e Trace Color — presents a palette of colors (Figure 4-20). To select the desired color for the

TCD trace, move the cursor to it and press the mouse button. This function is a standard
Windows feature.

Theme Colors

Standard Colors
mnm EEEEN

12  More Colors...

Figure 4-20: Trace Color

e Selected Curve — this field indicates the active chromatogram when two or more
chromatograms are presented on the display. The active chromatogram can be selected by
pressing the ¥ arrow and clicking on the name.

¢ Restore — This restores a zoomed-in part of the chromatogram back to show the whole
chromatogram.

¢ Auto-scale - Scales the y-axis so that the largest peak is 75% of full scale.

e Edit Chromatogram — presents a dialog box to set the x-axis and y-axis minimum and
maximum as well as the X axis interval (Figure 4-21).

-

< £dit Chromatogram || (=B |
Y Min {mV)  [-5000
¥ Max ) [EEID]
X Min (second) [0
Kl o)
X Interval (second) lzﬁ—l | oK
=

Figure 4-21: Edit Chromatogram Dialog Box
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e Actions — displays chromatographic actions on the chromatogram (Figure 4-22). Two
action lists can be generated.

5000.00 mV
4500.00 mV — —— TCD Reading
4000.00 mv —|

3500 00 mV —|

300000 mV —|

2500.00 mV/ —|

2000.00 mV —|

1500.00 mv —|

1000.00 mv —

500,00 mv —|

0.00mV L
-500.00 mV | Set Zero
- at34s L
-1000.00 " Set Zera Set Set .zﬂ
-1500.00 m{_atil1s o at 16B.2s
-2000.00 mV —| ‘Se Set Zero
-2500.00 mV —| . z Ij\ l
-3000.00 mv —|
-3500.00 mv —| g
-4000.00 mv —|
~4500.00 mV e
-5000.00 mv —| | ! ! | | ! ] s ) | | !
00 200 400 60.0 800 100.0 1200 140.0 160.0 180.0 2000 200 2400 2600 280.0 300.0 3200 3400

Time (seconds)

Figure 4-22: Presenting Actions on the Chromatogram

& Select Action List | — (=] . 2%
@ Action List 1
{71 Action List 2
| ok |

Figure 4-23: Actions list Selection

The action can be edited by dragging them or by right clicking in the action
description box. When in Update Mode, pressing the Action button again
will generate dialog to decide if user wants to write the change to the
analyzer. This is a way of editing the action list from the chromatogram.

e Additional Functions -The icon and arrows directly to the right of the Action icon are used to
access a variety of functions. The selection of the desired function can be performed by
pressing the up or down arrows to the left of the icon. As an alternative, all of the icons can
be viewed simultaneously by pressing the bottom arrow.
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| Legend Outside

Show Border

m Interlaced

Marker Point

Chart

First Back Color

Toggle Tool Bar

Actions

Second Back Color

Chart S5cheme 3

Figure 4-24: Chart options when clicking in the action description box

| Add Action
Chart 2 Delete Action
Toggle Tool Bar Edit Action
Actions 3 | Save Acticns

Figure 4-25: Action when clicking in the action description box

. Components — displays the chromatogram and below that, each component integration
window parameters

1909.9¢ m
890,00 mV
780.00 mV
§70.00'mV
560.00 my'
450,00 mv
34000 myY
230.00 my
12000 mv

1000 mV

-100.00 mV

945.00 mv—
835.00 mV'—

725.00 mv—]
515.00 mv—]
505.00 miv—]
395.00 mv—]
285,00 mv—]
175.00 mv—]

£5.00 mv —]

% —=TED

4500 mV—|

0.0

o

500

150.0 200.0

Time{seconds)

200.0

100.0

iso-Fentane

100.0 150.0

Time (seconds)

250.0

Ethane

T
300.0

Figure 4-26: Components integration windows along with chromatogram

To look at an individual component and its integration window parameters, use the
mouse with the left button down to draw a box around the component of interest.
The chromatogram will be zoomed to show only the selected component.
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7180 mV
5848 mV/
4705 mV
3483 mV
2229 mV
378 mv
=264 mV
1506 mV
-27.48 mV
-38.81 my
5233 my

£5.69 mV
53.27 mV
40.84 mV
2842 mV-
16.00 mV
357 mV

=0

SEHSmV
2127 mV

3370 mV
<4612 ml

iso-Butane

920 924 929 933 938 W2 947 9a1 956 960 965

Time{seconds)

| n-Butane

Time [seconds)

Figure 4-27: Individual component zoomed in

109.95 m\/
95.63 mV
81.30 mV
66.98 mV
52.66 mV
38.34 mV
24.02 m\
969 mV
463 my
-18.85 mV*

3327 mV

102.79 m\V;
B8.47 mV-
7414 mV
59.82 m\
4550 ml-
31.18 mV-
16.86 mV-
253 mV—_

.79 mV

-26.11 mV

iso-Butane

916 820 924 528 832 936 M0 944 345 552

Time (seconds)

Chart J
Toggle Tool Bar
1 Cemponents L | Add Component
Delete Component
Edit Component

Time (seconds)

Figure 4-28: Component editing on Chromatogram Tab

The component integration parameters can be edited right on the chromatogram
by right clicking the mouse on the retention timeline (line through the highest part
of the component peak). Under Components, choose: Edit component.
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@ iso-Butane l.":': =) ﬂ ]
MName: EERabeie

Calibration (Gas Concentration: ﬂ.E'IE

Retention Tima:  51.8
Retertion Time Window: 5
Response Factor: :I.1TE‘I}-12E-1}E
Alowed Response Factor Deviation: 11}DBDBE
Skimming Leading Edge Start: 3
Skimming Leading Edge End: 1k
Skimming Pealk Start:  50.4
Skimming Peak End: 334
Skimrming Trailing Start: 2
Skimming Trailing End: 4
Savitzley Golay Window: 2
[ Megative Peak
Old Response Factor: 1.172E-08 .
Qld Fesponze Time: ?8_3_’24
[ifference In Response Factors: -1}“
Difference In Response Times:  -0.062

Figure 4-29: Component edit window accessed on the chromatogram Tab

= 2 i

Retrieve Chromatogram  Upload Chromatogram

B 2

Analyze Chromatogram  Show Analysis Markers

¥ @

View Chromatogram Factory Chromatogram o

Figure 4-23: Pause Poll Functions
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a) Retrieve Chromatogram — presents a standard Windows Open dialog box fo download
saved files from the chromatograph (*.bin).

b) Upload Chromatogram - presents a standard Windows Open dialog box to send files to
the chromatograph.

c) Analyze Chromatogram - determines the concentration of the various gases and
calculates the relevant parameters using the present configuration.

Retrieving and uploading of chromatograms is normally done as part of the
troubleshooting of the system. The user can change the parameters of the
component table and determine what the results are with the revised
component table values. These calculations are not archived or available
for reports.

d) Show Analysis Markers - displays markers on the chromatogram that indicate the start
and stop points for the integration of each peak, as well as the retention time for each
peak.

e) View Chromatogram — present a standard Windows dialog box to select a chromatogram
file stored on the computer for retrieval and display on the tab.

f)  Factory Chromatogram - presents a standard Windows Open dialog box to download a
factory calibration chromatogram.

¢ Chart Functions — The icon at the extreme right of the ribbon bar is used to access a
variety of functions directly related to the chromatogram being collected. The selection
of the desired function can be performed by pressing the up or down arrows to the left
of the icon.

a) Pause Poll - This stops the chromatogram from recording.
b) Delete Trace - Removes the present active chromatogram(s).

¢) Clean Chart - Removes all chromatograms

d) Toggle a Trace - Used to select the active trace if more than one trace is displayed

4.5.1.2 Right Clicking on the Plot

The Chart command and the Archive Markers command are presented if the right mouse
button is pressed when the mouse is in the Chromatogram grid.

e Chart Command (Figure 4-24).
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Legend Outside
Show Border
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Marker Point

First Back Color
Second Back Color

Chart Scheme 3

Figure 4-24: Chart Commands
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a) Legend Outside — Moves the field that defies the trace outside of the chromatogram
b) Show Border — places a border around the chromatogram

c) Interlaced — if selected, all of the boxes are colored not only half the boxes.

d) Marker Point — places markers on the plot which indicate individual data points

e) First Back Color — presents a color palette (Figure 4-19) to change the color of the
background (Figure 4-25).

500000 mV

450000 mv —| — TCD Reading
4000.00mV —|
350000 mV —|
3000.00 MV —|
2500.00mV —|
200000 mv —|
150000 mv —
1000.00 mv —|
500,00 mV —|
000mv LA
-500.00 mV —|
-1000.00 mV—
-1500.00 mv—|
-2000.00 MV —|
-2500.00 mV—|
-3000.00 mv—
-3500.00 mv—
-4000.00 mV —|
-4500.00 mV—|

-5000.00 mV
00

T T T T T T T T T T T T T T T
400 800 200 100.0 1200 1400 1600 1800 2000 2200 2400 260.0 2800 3000 3200 3400

Time (seconds)

Figure 4-25: Color after First Back Color (also shows border)

f) Second Back Color — presents a color palette to change the color of the background so
that the positive and negative regions have different coloring.

g) Chart Scheme — provides a secondary menu to select the color around the
chromatogram. There are three options, light blue, light gray or light brown.

h) Archive Markers Command - The Archive Markers command presents the Archived
Markers Display Selection display box (Figure 4-26).
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Figure 4-26: Archived Markers Display Selection Dialog Box

4.5.2 Analysis Results Tab

The Analysis Results tab (Figure 4-27) presents a detailed listing of the most recent 10 runs
of a given type.

Analysis Resuls

Dry Analysis | ;2 0le? | Dry Analysis | P0le!  Ory Anatysis | 2RtiRS? | Dry Anaiysis | aocioled

8/13/2013 1.47PM |8/13/2013 1:47PM |8/13/20131:42FM |8/13/2013 1:42PM | 8/13/2013 1:38PM |8/13/20131:38PM |8/13/2013 1:33 PM | 8/13/2013 1:33 PM
0.0271 0.0266 0.0276 0.0z72 0.0273 0.0268 0.0270 0.0265
1.0359 1.0178 1.0373 1.0193. 1.0342 10162 10332 10153
0.3014 0.2562 03013 0.2360 0.3002 02343 03002 02950
0.3010 0.2957 0.3011 0.2959 0.239% 02344 0.2935 0.2943
D.0g82 0.0964 0.0985 0.0968 0.0378 0.0361 00574 0.0957
01040 0.1022 0.1034 01016 01031 01013 01078 0.1053
25177 24739 25128 24691 25071 24835 25162 24730
90.1098 28.5415 50.1064 88.5382 90.1179 885485 501142 885458
04789 0.4705 0:4785 04701 0.4780 04697 04773 0.4630
5.0261 49386 50332 49456 503149 49473 5.0267 49392
0.0000 0.0174 0.0000 0.0174 0.0000 00174 0.0000 0.0174

100.0000 100.0000 100.0000 100.0000
837709 336733 937935 535555

Figure 4-27: Analysis Results Tab
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The left column presents a list of streams for which data is available.
The Refresh icon is used to update the data.
The »and <darrows in the upper right corner are used to scroll the data.

If the Display Physical Properties check box is selected, additional information as shown in
Figure 4-28 will be presented.

il Co Name By Anahrei| oo B v | Soarated S e | STt in"‘a""’!"’d

| Stream 1 y Y lysi
Ariaiysis Time BN TATPM |8/13/2013 T4TPM | BAY2013142PM | 8/13/2013 142FM |8/13/2013138PM | BA/2073 138FM | 8/13/2013 1:33FM | B/13/2013 133 PM
[ 0en 00266 00276 00272 00273 0.0263 00270 0.0265
Propane 10359 1078 10373 1% 10342 1mez 10332 10153
iso-Butane 0.3014 0.2962 03013 0.2960 0.3002 0.2949 0.3002 02950
n-Butane 0.3010 0.2957 03011 0.2959 0.2956 0.2944 0.2935 02943
iso-Pentane 0.0982 0.0964 0.0985 0.0968 0.0978 0.0961 00974 00957
n-Pentane 01040 01022 01034 01016 01031 01013 01078 0.1059
Nitrogen 2517 24739 25128 24691 25071 24635 25168 24730
Methane 01098 885415 501064 885382 01178 585435 01142 885458
co2 04789 04705 04785 0471 04780 04637 04773 04590
Fthane 50261 49386 50332 43456 50343 45473 50267 49392
Water Vapor 0.0000 00174 00000 007 0.0000 00174 00000 00174
Normalized Tolal 100.0000 100.0000 1000000 1000000
Un Normalized Total 937709 526733 53793 92,9555
Gross Heating Value(ldedl Gas) | 1056.71 103832 1056.85 103845 105677 1038.38 105672 103833
Net Heating Value(ideal Gas) 952,93 93733 55406 93745 95399 537,38 9334 9374
Specific Gravity(ldeal Gas) 05181 06182 06182 06183 05181 06182 06131 05182
Gross Healing Value(Redl Gas) | 1053.20 104113 109,34 04127 1059.25 104119 10521 104114
Net Heating Value(Real Gas) 95,13 53987 95631 3000 95623 53992 956.19 93882
‘Specific Gravity(Real Gas) 05193 06197 06194 06197 06193 061% 06193 051%
Wobbe Index 134589 132281 134604 1327 134607 132278 135,94 132265
G Jbil 09976 09573 09976 09973 03976 09573 09976 03973
GPM(comected for compressibilty) | 17.540 17.340 17541 17341 17541 17341 17540 17.340

Figure 4-28: Display of Physical Properties
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4.5.3 Archive Tab

The Archive tab (Figure 4-29) presents a summary of recently performed analysis. It includes
the time stamp, type of calculation (saturated or dry), the concentration of each gas, the
normalized total and un-normalized total of the concentration of the various gases.
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Figure 4-29: Archive Tab

The icons on the top of the tab include Read Archives, which is used for updating the
archives, and Export to File which is used to send the data to Excel.

The Hourly Trend tab on the bottom of the screen is used to present a table that is similar to
Figure 4-28. It presents the same data as the archive tab at the start of each hour (e.g. 8:00
AM, 7:00 AM, 6:00 AM etc) as well as parameters such as the hourly minimum, maximum
and mean.

The Daily Trend tab on the bottom of the screen is used to present a table that is similar to
Figure 4-28. It presents the same data as the archive tab at a specific time for each day (e.g.
July 22, 8:00 AM, July 21, 8:00 AM, July 20, 8:00 AM etc). as well as parameters such as the
hourly minimum, maximum and mean. The daily data is collected at the time indicated on the
Contract Start Hour field on the Stream Sequencer part of the Configure GC tab in Update
mode.
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454 Events Tab

The Events tab (Figure 4-30) presents a list of all of the events that have occurred during the
analyses

Figure 4-30: Events Tab
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4.5.5 Reports Tab

The Reports tab (Figure 4-31) is used to generate various reports of analysis and calibration
data.

Figure 4-31: Reports Tab

Indicate the desired report format (s) and press the button corresponding to the desired data.
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A sample report is shown in Figure 4-32.

Stream Analysis Report

Diate: Wednesday, Augnst 21, 2013
Tome: B:13:44 AM

Site ID: Galvanic

Stream; Smeam 1

Conrenimaton Concentration

Mlala®s Mole®e

Dirv Analysis Saturated Analysiz
CHH05:03:000:0) 0.0133 00220
Propans 1.0272 1.0:043
iso-Hufane 0.200) (2038
n-Butane 0.2085 03031
isg-Pentans 0.0089 00872
n-Pentane 0.0089 0.007E
Nitrezen 13779 15329
Mathane Q00877 28.5162
002 04817 04733
Ethape 5.0049 48178
Water Vapar 0.0000 L0174

Calculated Physical Properties
Bazz Pressurs: 14005 PELA

Dy Analyzis Sanmated Anabysiz
iGross Heating Value(Ideal Gas) 105302 1034.65
HNet Heating Value(Tdeal Gas) 05059 93400
Specific Gravity(Ideal Gas) 06165 0.6167
Gross Heating Valus(Feal Gas) 105540 103744
HNet Heating Value(Feal Gas) 05282 LE
Specific Graviny(Feal Gas) 0&178 0.6181
Wobbe Index 1342 37 1519.38
Compressibiliny ) 0.9877 [Ee73
G comected for compressibiliy 17531 17351

{nlvmmc Aprpled Soveacey inc | wws gal e oo

Figure 4-32: Sample Report

by PR3
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4.6 Alarms

The alarms tab shows any active alarms.

Nl Bkl %WF I

L AT -

Clicking on the alarms tab will open the Alarms tab window.

1201312015 |

L (R ® y e

| Source | Description | Date & Time Found by GUI |

12/13/2018 10.55:40 AM
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Section 5 Configuring the GC

5.1 The Configuration

The Configuration is the collection of parameters that define the operation of the
chromatograph. The Configure G.C. tab (Figure 5-1) is accessed by selecting the Ediit
option on the Select Mode dialog box (Section 5.2.1), entering the password (the
default password is 2222) and pressing the Configure G.C. tab.

Chromalogram  * AnalysisResulls + Archives venls . Modbus  * Reports  Configure IO Board

| EDIT MODE | 1} i I i
| Running | 1} Add Companent  Delete Component  Wite To Analyzer
Aams @ || onfigure G.C
Mol O sty betos Heating Value Unit  n-Hexane n-Octane n-Decanc: A
“Coniral W [ Use Helium Fixed Concentration 05 02 0 # Action List
Connected Analyzer: || Use Unnormalized Concentration  Base Pressure n-Heptane n-Nonane
% Stresms Setup
Peter Helium Concentration 14,696 PSIA 03 0
142.59.24.252 2.1 #* Siream Sequencer
“ Stresm Scheduler
= Y Calbrat Retert! Howed Sk Skimmir Fit{  Digital Inputs.
-1413 | Component | "N | Retention e i Response | Resporss | Integration Le;m‘;‘g Lﬁ"d‘":';‘g Skimming ‘Skimming Skimming Skimming Savizky Golay Ea‘ :
" | Name | 2 iin] e e Factor Facor | Metod B | faaSy | PeakSiat | Peaknd | Traiing Stat | Traing End | Window e
TCD Excitation {mA):
25.00 > cee 00323 35173 3000 2651253609 1000000 [Skimming [~]3.200 1200 34.000 37.000 1400 70m 2000 000 - Anslog Inputs
= Popane | 1.0200 625 3000 6459813609 1000000 [Skimming |+ 3.800 [ 1500 62,000 54000 1.500 7000 [2000 oo -
D isoButane | 0.3040 7679 5.000 5.840655E-09 1000000 [Skimming |~ |6.700 [ 1800 75.000 78,000 1600 780 |2000 0
9 nBuiane 03050 83422 5000 5729047603 1000000 [Skimming |+ |6700 [2200 22,000 86.500 2100 11400 |2000 [} SR
isoPentane | 0.1040 124507 |5000 5215782E-09 1000000 |Skimming [~| 13.800 |3600 122000 128000 [3300 12200 |2000 [}
TCD Reading (mV): n-Pertane  |0.1050 141731 5.000 5.875036E-09 | 1000.000 | Skimming || 10500 |3.400 139.000 145,000 3400 13.800 |2000 0.
0.86 Niogen | 24800 1775% 3000 727222509 |1000000  |Skimming |~]4.000 [ 1300 176500 |179.400 1400 3700 |0.400 0
o Methone  [9D.1467 183210 |3000 90B43E05 1000000 |Siimming |~ 4000 1200 182000 [190000  [3600 12400 |00 [}
70.003 €02 05030 204818 [3000 6.46D048E-09 | 1000.000  [Skimming |~ 6.700 [ 1400 203000 |207.000 1400 10.400 |0400 [}
Ethane 50000  [255763  |5000 5.663637E09 | 1000000 [Skmming |~[10900  [3.000 25200 [o610m0 4000 1350|0400 [}
Gyl Time foc), Total 1000000 | | | . | | |
2701
Current Stream: i i
Stream 1 I S
Analyzer Time:
6:54-54 AM Dry Gross Heating Vakue (ideal Gas) 1054 54 Dry Speciic Graviy{Real Gas) 06181
- Dry Net Heating Value (deal Gas)  951.88 Dry Wobbe Index 134450
Update Dry Spectic Graviy (deal Gas) 06169 Dry Compressbity  0.9577
Diy Gross Heating Value(Real Gas)  1057.02 Dry GPM (comected for compressibity) 17,542
Dry Net Heating Value(Real Gas)  554.22 Download Physical Properties File.
- |Fx ) T @ || = component Table 1 | Component Table 2 - =

Figure 5-1: ACCUCHROME - Configuration Mode

When Edit mode is selected, the display will present the Modbus tab
(described in Chapter 8) and the Configure I/0 Board tab (which is reserved
for service engineers and is password protected).
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The Component Table lists all of the compounds in the sample and includes chromatographic
parameters that are used to identify the compounds of interest and perform quantitative
analysis (Section 5.4). In addition, the component table includes parameters that describe
the calibration gas so that a variety of various physical properties of the sample can be
calculated. A configuration can contain two component lists.

The right side of the Configure G.C. tab provides access to several tabs which are used to
set actions that should take place during an analysis, scheduling of analyses and enabling
input and /output ports. . To access each, simply click on the appropriate name.

e Action List - lists the various actions that should be performed during an analysis such as
opening or closing a valve or indicating the end of an analysis (Section 5.5). A configuration
can contain two action lists.

e Streams Setup - used to indicate the component list and action list that should be used for
each stream. It also includes alarm settings and information about the sampling process
(Section 5.6).

o Streams Sequencer - used to select the order of runs in a sequence (Section 5.7).

o Streams Scheduler - used to indicate when the various streams should be analyzed.
(Section 5.8) By default, the analyzer will run the Streams defined in the Streams
Sequencer, but the scheduler can be used to interrupt the sequence. An example of this
would be a scheduled auto calibration.

e Digital Inputs — used to provide information about the four digital inputs (Section 5.9).

e Digital Outputs - used to provide information about the four digital outputs (Section 5.10).

¢ Analog Inputs — used to provide information about the four analog inputs (Section 5.11).

e Analog Outputs - used to provide information about the four analog outputs (Section 5.12)

e Global Setting — used to indicate system identification (Section 5.13).

When a configuration has been established for a given analytical procedure, it is probable
that most of the procedures will be edited on a relatively infrequent basis. Typically, the
configuration is edited when the system is validated, when the nature of the sample changes,
when a new column is installed, when an additional compound must be monitored or if the
schedule should be changed.

On a periodic basis, the system should be calibrated using a gas of known composition. This
procedure is described in Section 6 and may require that some parameters on the
Component Table be edited.

Configurations can be saved and retrieved as desired.
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5.2 General Guidelines for Editing a Configuration
When generating/editing a configuration, the following guidelines should be followed:
a) Itis necessary to be in Edit mode to generate or edit a configuration.

b) After a configuration is generated/edited using the computer, it must be downloaded to
the chromatograph to be used. Each configuration tab has its own Write to analyzer
button. These writes are temporary, meaning that if analyzer power was lost, the
changes made to the configuration would also be lost. To make the changes permanent
a Permanent Configuration Write must be executed from the master tool bar.

c) A configuration can be stored on the computer and retrieved as needed. Configuration
files are saved as *.cfg files in the directory of your choice. If a configuration is retrieved,
it must be transferred to the chromatograph to be used.

d) If a new or edited configuration is written to the analyzer while an analysis is being
performed, then the edits will not take effect until the start of the next run.

e) When navigating from tab to tab in the GUI software, the configuration data for that tab is
automatically read from the analyzer. If changes are made, but not written to the
analyzer, they will be lost when navigating to another tab.
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5.3 The Component Table
The Component Table consists of three regions:

¢ A ribbon which contains controls for the table of chromatographic information and is used to
enter a number of values used in calculations. The nature of the ribbon is dependent on the
selection of the Method. If the ISO method is used, see Section 5.3.1.1 if the GPA or Liquid
method is used, see Section 5.3.1.2. .

e A table for chromatographic parameters (Section 5.4)

¢ A table that displays the calculated physical properties for the calibration gas. (Section 5.5)

5.3.1 The Ribbon

The Ribbon (Figure 5-2) is used to add/remove a line from tables, send a configuration to the
chromatograph and enter values required for calculations. Some typical values for all
components are found in the table in Section 14. The format of the ribbon is dependent on
the Method that is employed. If the GPA method is used, see Section 5.3.1.1, if the ISO
method is used, see Section 5.3.1.2.

s & ki

Add C . Delete Ci wirite To Analy

Combustion Ref. Temp {Degress C) Combustion Ref P 101.325 n-Nonane 0
lo - Metering Ref P 101.325 et 1)
Metering Ref. Temp_{Degree C) n-Hexane 05

o b n-Heptane 03

Combustion Metering Ref. Temp. nOctane 0.2

[ Comb. 15, Metering 15 -

Figure 5-2: The Ribbon (ISO Method)

5.3.1.1 The Ribbon - 1SO Method

|E'__'_:._ _' i
| 3
|~‘~|--‘-—--J Add Component — used to add a line to various tables as described below. The line is

added directly below the line indicated by the ».

§ Delete Component — is used to remove the line in the table indicated by the ».

L

The Use Helium Fixed Factor check box should be checked if it is desired to correct the
analytical results for the He concentration in the gas. The Helium concentration is to be
entered in the field below the Use Unnormalized Concentration field.

Write to Analyzer — sends the present configuration to the analyzer.
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The Use Unnormalized Concentration should be checked if it desired that the reported
concentration correspond to the actual percentage of each gas is reported (i.e. not
normalized to 100%)

Method - This field is used to select if the GPA, ISO or Liquid standard method is to be
employed. The fields to the right of the Method field on the ribbon are shown in Figure 5-1. If
GPA standards are used, see Section 5.3.2.

Combustion Reference Temperature — This field is used to indicate the reference
temperature for combustion used to calculate the heating values (at bottom of page). The
options are 0, 15, 20 and 25°C.

Metering Reference Temperature — This field is used to indicate the reference temperature

for metering used to calculate the heating values (at bottom of page). The options are 0, 15
and 20°C.

Combustion Reference Pressure — This field is used to indicate the reference pressure for
combustion used to calculate the heating values (at bottom of page).

Metering Reference Pressure — This field is used to indicate the reference pressure for
metering used to calculate the heating values (at bottom of page). The options are 0, 15 and
20°C.

Combustion Metering Reference Temperature — This field is used to indicate the Combustion
and Metering Reference Temperatures. A drop down menu presents the various options.

Enter the appropriate mole fraction concentration for n-Hexane, n-Heptane, n-Octane, n-
Nonane and n-Decane in the calibration sample. The sum of the values should equal 1.000.

5.3.1.2 The Ribbon — GPA or Liquid Method

The Ribbon — GPA or Liquid Method is presented in Figure 5-3. The ribbon for the liquid
mode is identical to that for the GPA method, but the calculations differ.

Add Component  Delete Component  \irite To Analyzer

ealysis Method | GPA 2 Heating Value Unit n-Hexane n-Octane n-Decane
|| Use Helium Fixed Concentration | ETU - os 02 0
|| Use Unnormalized Concentration  Base Pressure n-Heptane n-Nonane
Helium Concentration 14,696 PSIA 03 0

01

Figure 5-3: The Ribbon — GPA or Liquid Method
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| :

|~-'-|--‘-—--J Add Component — used to add a line to various tables as described below. The line is
added directly below the line indicated by the ».

é Delete Component — is used to remove the line in the table indicated by the ».
The Use Helium Fixed Factor check box should be checked if it is desired to correct the

analytical results for the He concentration in the gas. The Helium concentration is to be
entered in the field below the Use Unnormalized Concentration field.

Write to Analyzer — sends the present configuration to the analyzer

The Use Unnormalized Concentration should be checked if it desired that the reported
concentration correspond to the actual percentage of each gas is reported (i.e. not
normalized to 100%).

Method - This field is used to indicate if the GPA or ISO standard method is employed. The
fields to the right on the ribbon are as shown in Figure 5-2. If ISO standards are used, see
Section 5.3.1.

Base Pressure - enter the desired pressure for the calculation.

Enter the appropriate fraction concentration for n-Hexane, n-Heptane, n-Octane and n-Nonane
in the calibration sample. The sum of the values should equal 1.000

This is not the atmospheric pressure at the site.
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5.4 Chromatographic Parameters

541 General Parameters

The Component Table (Figure 5-4) lists each of the compounds to be analyzed for and
includes chromatographic data to identify and quantitate them.

Mlowed

Componert g:hsbmlon Retention _Fr!ﬁsrmon Response Respanse Integration EI;S:I?:]ISQ ‘Eg;"gﬂ;g Skimming Skimming Skimming Skimming

Name Concentration Time: Window Factor Eaec:i:iun Method oo EeEnd Peak Start Peak End Traiing Start | Trailing End
b s 0.0300 U3 (300 4867101E09  |1000.000 | Skimming =] 3.400 1500 32700 35.200 1100 8200

Propane 10000 57686 3000 [11619991508  [1000000 | Skimming =] 3.300 1230 [6700  [s9100  |1170 707
T |soBuane Joao  |e7eie |s0m0 [117094m4E08  [1000000 | Skimming [v]|6.002 1802 lesi0 [0 |zom 5398

nBuane 03000 |75665  |5.000 [12013337E08  |1000000 | Siimming [=][6.081 2181 [7a00  [760  |2419 12819
T |soPertane |0to00 w302 5000 [13986267508  [1000000 | Skimming =]|17.680 2480 [01200  [i06700  |2020 5320
© |nPentane o000 6128|5000 [11807584208  [1000000 | Sirnming <[ 10.463 3563 [113600  [120700 3537 16837
© |Nwogen 25000 |te0s2 2000 [esoisesE0s 1000000 | Skimming [v]|4.302 1502 [153900  [te2800 1500 569
© |Methre 901700 167462 2000 11209319608 | 1000000 | Siimming =] 7.045 1500 167000 | 172000 |2955 11355
o 0.5000 172|300 SOL07T7EDS | 1000000 | Skimming =]13850 2300 [1w7e00  [19200  |27m0 5150
| Bthene 50000 2567|5000 T271B4E09  |1000000 | Seimming =] 14901 5101 [229800  [2390m0 3500 19,099
| Toml 100.0000 |

Figure 5-4: Component Table
The Component Table contains the following:

e Component Name - the name of the compound to be quantified.

¢ Calibration Gas Concentration - the concentration of each component found in the
calibration gas. These values are typically provided by the supplier of the calibration gas via
a certificate included with the gas cylinder.

e Retention Time - the time (in seconds) at which the maximum signal from the detection of
the given component is observed by the detector. Peaks in a chromatogram are identified
on the basis of their retention times as each component has its own unique retention time.

It is suggested that this data be taken as the average of the retention time from at least
three chromatographic runs.

¢ Retention Time Window - the amount of time (in seconds) that a peak is allowed to deviate
from the indicated retention time for a given component and still be identified as that
component. If, for example, methane has a retention time of 25.95 seconds and a deviation
of 5 seconds is allowed, a peak with a retention time anywhere between 21.95 seconds and
31.95 seconds will be identified as methane. Generally speaking, peaks that elute early in
the analysis will have small retention time deviations (x 5 seconds or less), while later peaks
will have larger deviations (+ 10 seconds or more).

¢ Response Factor — a multiplication factor that converts a raw peak area into a concentration
value. When the system is in calibration mode the analyzer will measure several runs of the
calibration standard to calculate the average response factor. The response factor is used
to calculate the concentration of the components in a run as shown in equation 5-1.

Do not edit the names of the components.
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Concp, =RF, x Area,, 5.1

Where: Conc, = concentration of component n
RF |, = response factor of component n
Area,, = area of peak produced by component n

¢ Allowable Response Factor Deviation - if the response factors are automatically calculated,
this represents the range in which the value is acceptable.

¢ Integration Method - indicate if the Skimming or Fitting integration method should be used.
There are two different integration methods provided Skimming (Section 5.4.2) and Fitting
(Section 5.4.3). The Fitting option is not active at this time.

5.4.2 Skimming Parameters

If Skimming is selected for the Integration method, the Component Table will appear as
shown in Figure 5-4.

A peak is defined as the maximum signal within a retention time window. The area of a peak
is determined by integrating the signal from the signal minimum prior to the peak to the signal
minimum following the peak. ACCUCHROME allows the user to define the window before
and after the peak.

The expected retention time of the peak is defined by the Skimming Peak Start and
Skimming Peak End parameters. These parameters represent the time in seconds from the
start of the analysis cycle where the peak for that component is expected to elute.

The Skimming Peak Leading Edge Start and Skimming Peak Leading Edge Stop fields are
used to define the start time for the integration of the peak. These two numbers represent a
window of time where the start of the peak is expected, relative to the retention time of the
peak.

The Skimming Peak Tailing Edge Start and Skimming Peak Trailing Edge Stop fields are
used to define the end time for the integration of the peak. These two numbers represent a
window of time where the end of the peak is expected, relative to the retention time of the
peak.
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The following example shows how the system determines if a peak is a valid peak:

The peak for iso-Butane is expected at 70.405sec. + 5.000 sec. as defined by the component

table.

The Skimming Peak Start and Skimming Peak End parameters are 69.2 seconds and 71.8
seconds. This means that the apex of the peak is expected to occur between these two

times.

The Skimming Peak Leading Edge Start and Skimming Peak Leading Edge Stop parameters
are 3.6 and 1.3 seconds. This means that the start of the peak integration will occur between
70.405 seconds minus 3.6 seconds (66.804) and 70.405 seconds minus 1.3 seconds
(69.105). The start of the peak is defined as the minimum value of the detector signal
between these two points. The Skimming Peak Leading Edge Start and Skimming Peak
Leading Edge Stop times are defined relative to the retention time so that the peak
integration start time will move with the peak if the retention time of the peak shifts.

The Skimming Peak Trailing Edge Start and Skimming Peak Trailing Edge Stop parameters
are 1.3 and 5.5 seconds. This means that the end of the peak integration will occur between
70.405 seconds plus 1.3 seconds (71.705) and 70.405 seconds plus 5.5 seconds (75.905).
The end of the peak is defined as the minimum value of the detector signal between these
two points. The Skimming Peak Trailing Edge Start and Skimming Peak Trailing Edge Stop
times are defined relative to the retention time so that the peak integration end time will move
with the peak if the retention time of the peak shifts.
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Figure 5-5: Definition of a Peak

Savitsky Golay Window — This is a smoothing factor for the chromatogram and should not be

altered.

The following columns are to the right of the parameters for the fitting

approach.
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Negative Peak -if the peak for this gas is a negative peak, check the box.
Old Response Factor - This is the response factor generated from the previous calibration.

Old Response Time - This is the retention time generated from the previous calibration.

Difference in Response Time - This is the difference in seconds between the previous
calibration and the current calibration.

Difference in Response Factor - This is the per cent change in the response factor from the

previous calibration to the current calibration.

5.4.3 Fitting Parameters

This feature is not yet implemented.

5.4.4 Physical Properties of the Calibration Gas

The Physical Properties of the Calibration Gas fields (Figure 5-6) shows the calculated
physical properties of the calibration gas. These values can be used for comparison when
analyzing the calibration gas as an unknown in the Reference mode.

Dry Gross Heating Value (ideal Gas) 3332 Dry Specific Gravity{Real Gas) 06176
Dry Net Heating Value (deal Gas)  35.50 Dry Wobbe Index 5017

Dry Specfic Graviy (ideal Gas)  0.6164 Dry Compressbity 09977
Dry Gross Heating Value(Real Gas) 3942 Diy GPM {comected for compressibity) 2344
Dry Met Heating Valus(Real Gas) 35.59 | Download Physical Properties Fic |

Figure 5-6: Physical Properties of the Calibration Gas
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5.5 Action List

The Action list (Figure 5-7) is used to program a variety of activities during the separation
such as opening/closing a valve, setting the gain, setting a zero and indicating the end of an
analysis.

Set Gain 13 3z
Set Zero o 33
Set Zero 0 34
Valve On vl 12
Valve Off CV1 27
Valve Off cvz2 50
Set Zero 0 148
Set Zer 0 148.2
Valve On cv2 150
Valve Off 550 200
End Of Analysis 0 285

Figure 5-7: Action List with Tools

! Add Action - presents the Add Action dialog box (Figure 5-8).
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Action Type: [‘u’alve Off

Yalve Mumber: [C"ﬂ

Action Time =): 0

Figure 5-8: Add Action Dialog Box
The Action Type is selected via the top drop down menu:

o If a Valve Action (Valve Off, Valve On) is selected, the Valve Number and Action Time for
the action can be selected. The Valve number field is used to select the appropriate valve.
The SSO entry on the valve number list is used to purge the valve prior to placing the
sample in the injector.

o If the Set Gain action is selected, the Add Action dialog box shown in Figure 5-9 is
presented.

Action Type: [Sei Zain ‘F]

Dy D D: D4 D3 D2 D1

TCD Amplifier |D_|-|_|-|_“J|_“_|

Gan[t ]

Action Time {s): 0

Figure 5-9: Set Gain Action Dialog Box
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The gain can be set from 0.2 to 3,200,000 by setting the Dx switches (e.g. if D7 is set to 1
and all other are set to 0, the gain is 0.2).

a) If the Set Zero action is selected, the dialog box that is presented allows for setting the
time for setting the signal to zero.

§ Delete Action — is used to remove the line in the Action Table indicated by the ».
T Edit Action — opens the action indicated by the »and permits editing. This is identical
to the Add Action icon (the user can edit the time).

»

5.6 Streams Setup

Write to Analyzer — transmits the configuration to the analyzer

The Streams Setup screen (Figure 5-10) is used to set a variety of parameters that define the
individual streams that are connected to the system.

I?_l
|-‘-|-‘-J Add Run - provides a new tab
@ Delete Run - removes the highlighted tab

»

Write to Analyzer - transmits the configuration to the analyzer
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Figure 5-10: Streams Setup
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Run Name - User defined

Run Type - The stream type can be an Analysis, a Calibration or a Reference stream,
selected via the drop down menu. Selection of a Reference type selection presents the same
tab as a Stream type. The Calibration tab includes a button for Manual Calibration, which will
initiate a calibration sequence.

Action List Index - used to indicate which Action List should be used (1 or 2).
Component Table Index - used to indicate which Component Table should be used.

Allow Stream Switch - used to indicate that the analyzer should switch streams during an
analysis. This allows the analyzer to purge the sample system with the upcoming stream for
a period of time prior to the analysis, so this is typically placed quite early in an analysis. The
stream that is switched to is defined either manually in the Analysis Control window, or
automatically in the Scheduling section of Sample Handling.

Purge Time - used to indicate the amount of time the analyzer should purge the sample loop
prior to initializing a run definition

Reject Run from Archive - If checked, the data from this stream will not be included in the
hourly or daily averages if any component high or low alarm is present for this stream.

The Component Alarms table is used to indicate the high and low value which should set off
an alarm. Enter the desired values and check the Enable box if the limits should be used

Additional tables for the Low and High Alarm Limits as well as Low and High Saturated Alarm
Limits can presented by clicking on the icons on the entries below the Component Alarm
Limits fields. A typical table is presented as Figure 5-11 (the format of all of these tables is
identical).
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S

Net Heating Value {Ideal Gas)
Speclic Gravity (ldea Gas)
Compressibility

Speciic Gravity(Real Gas)
Gross Heating Value(Real Gas)
MNet Heating Value(Feal Gas)
GPM (comected for compressi...
Wabbe Index

ool |lololalala
OO0 DO O E @) O

Figure 5-11: Low Dry Alarm Limits Table

. - leads to a menu where you can add or delete icons for the above items and place the
icon(s) and definition(s) directly below the table.
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5.7 Stream Sequencer

The Stream Sequencer screen (Figure 5-12) is used to indicate the order of runs within a
sequence.

Figure 5-12: Stream Sequencer Screen

To enter a run in a sequence, click on the drop down menu and select the desired run type.
The available runs are those that have been generated on the Streams Setup screen.

. - leads to a menu where you can add or delete buttons for the above item and place the
icon(s) and definition(s) directly below the table.
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5.8 Stream Scheduler

The Stream Scheduler (Figure 5-13) is used to indicate when the various streams should be
analyzed and indicate if a stream is to be analyzed on a repetitive basis. Each stream can be
scheduled independently.

I —
10:00 AM: ©

Hour

Figure 5-13: Stream Scheduler
To set the start time for a stream:

a) Press the V¥ adjacent to the date to present a calendar of the month indicated in the date
line and click on the desired day.

b) Click on the desired hour and minute in the time field. If you want to start a run at a time
not indicated in the time field, set an approximate time via the numerical buttons and
adjust the time via the ¥ or A button.

If desired, repetitive runs for a given stream can be scheduled by editing the Days and Hours
fields of the Frequency region.
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5.9 Digital Inputs

The Digital Inputs screen (Figure 5-14) is used to define the role of the four digital inputs.

The input can be set to Enable Run or Enable Alarm. If Enable Run is selected, then the
stream that is defined in the Run field will be executed when the input is activated. If Alarm is
selected, then the digital input is attached to a switching device (such as a pressure switch)
and will generate an a alarm if the digital input is activated. Once the parameters are set, the
Write to Analyzer button should be pressed to send the information to the chromatograph.

Name IFEETENY
(") Enable Run

(") Enable Alam

Figure 5-14: Digital Inputs
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5.10 Digital Outputs

The Digital Outputs screen (Figure 5-15) is used to assign the various available alarms to
specific digital outputs. Once the parameters are set, the Write to Analyzer button should be
pressed to send the information to the chromatograph.

Configure G.C

Relay #1 Relay #3

Run/Halt
Oven Temperature High - Analog Input 0
Oven Temperature Low - Analog Input 0
Analog Input 1 High
Analog Input 1 Low
Analog Input 2 High
Anzlog Input 2 Low
Analog Input 3 High
Analog Input 3 Low
DI 1 Active
DI 2 Active
DI 3 Active
Dl 4 Active
Peripheral Board Comm Fail
Calibration Fai

Figure 5-15: Digital Outputs Screen
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5.11 Analog Inputs

The Analog Inputs screen (Figure 5-16) is used to define the role of the four analog inputs.
The alarm limits should be set and the appropriate check boxes selected. Once the
parameters are set, the Write to Analyzer button should be pressed to send the information to
the chromatograph.

G.C. Oven Analog Input #1 £
Mame Owven RTD Mame Analog Input 1
[¥] Enable Low Alam [T] Enable Low Alarm
Low Alam Limit  £3.5 Low Alamm Limit 10
[¥] Enable High Alam [] Enable High Alam
High Alarm Limit 70.1 High Alarm Limit 20
Scaled Value 69.939 Scaled Value 0.000
Analog Input #2 Analog Input #3 #
MName Analog Input 2 MName Analog Input 3
[] Enable Low Mam [7] Enable Low Alam
Low Alam Limit 10 Low Alam Limit '1{;.
[7] Enalbe High Alam [7] Enalbe High Alam
High Alamm Limit 20 High Alam Limit 20
Scaled Value 0.000 Scaled Value 0.000
Figure 5-16: Analog Input Screen
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5.12 Analog Outputs

The Analog Outputs screen (Figure 5-17) is used to set parameters for the transmission of
data to an external device. The parameter to be transmitted is selected via the Parameter
drop down menu, the range should be selected and press the Write to Analyzer button .

Configure G.C

Figure 5-17: Analog Outputs Screen
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5.13 Global Setting

The Global Setting tab (Figure 5-18) is used to provide system identification.

Site 1D Galvanic
Location Cal Lab
Seril Number  SITEEIEE2ITY

Cortract Start Hour 11

Alarm Name Limit .E.I'Iﬂh|E

Unnomalized Total Out Of Spec. |0 (]

Figure 5-18: Global Setting
The Contract Start Hour is the time of day at which the daily average is calculated.

If the Halt on Start Up check box is selected, the system will be in Halt mode when it boots
up. If the box is not checked, the analyzer will run when it boots up.

The Unnormalized Total Out of Spec. entry on the Alarm field is used to set the limit for which
an alarm should be raised. As an example, if the entered value is 2%, and the enable check

box is checked, an alarm will be issued if the un-normalized total is less than 98% or greater

than 102%.
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Section 6 Using the Instrument

6.1 Introduction

The ACCUCHROME is designed to monitor the composition of a gas stream on a
programmed basis. The system can analyze gas samples, a reference gas (gas of known
composition to verify acceptable system operation), and calibration gas (which is used to
calculate/recalculate response factors) as desired.

This section is provided to assist the user in the typical operation of the chromatograph and
should be used in conjunction with Chapters 4 and 5, which describe the general format of
the operating system.

It is assumed in this chapter that the system has been installed,
appropriate gas lines have been fitted and all connections to external
devices (e.g. alarms) have been made.

There are two modes of operation of the application software:
a) View Mode - used to collect/view/Reporting data and viewing archived data (Section 6.2).

b) Edit Mode - used to set a broad range of parameters that define the data processing of
the data, define the system configuration (e.g. set alarms) and establish a schedule of
analyses (Section 6.3).

6.2 View Mode

Analytical data is collected via the View mode . In this mode, Reference streams, Calibration
streams and Sample streams are analyzed on a periodic basis as selected in Edit mode (data
can also be viewed while in the Edit mode). The analysis of a calibration stream is to adjust
the response factors used to determine the concentration of the various components of the
sample. Alarms will be activated upon various events and solenoids will be activated during
a separation as defined in Edit mode.

6.2.1 Viewing the Current Chromatogram

The chromatogram is presented on the monitor as it is being collected via the Chromatogram
tab (Figure 6-1). The chromatogram presentation can be changed via the Aufo-Scale icon
which sets the largest peak to 75% of full scale or the Edit Chromatogram icon which
presents a dialog box to define the X and Y minima and maxima as well as the X interval.
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Archives ¢ Events ¢ Reports

VIEW MODE s, SolestsiCure . 3 » =" = W
' | P o P M-S
| Running | 13 | TraceColor. Restore Auto-Scale Aciions Retrieve Ch Pause Foll
Aame o | S
Marsal 110 o 5000.00mY
Control
- . 450000 mv —| — 7eD
Peter 4000.00 mv |
1425924 252 3500.00 m¥ —
300000 mv |
Baseline Offsct (mV)
EEE 250000 mv —|
. 2000.00mv —
TCD Excitation {mA):
e — 1500.00my —|
- 100000 mv —|
TCD Gain:
500.00 my |
9 l 0
000my
TCD Reading {mV): -500.00 mV —
332 ~1000.00 mv—|
= ki -1500.00 mv —|
70.001 4200000 mV—|
Cycle Time (sec.): T
2418 -3000.00 mV—|
F— -3500.00 mv—|
Stream 1 ~4000.00 mV —|
~4500.00 mV—|
Analyzer Time:
R -5000.00 mV
2:12:35PM 00 QDIB JD‘D SD‘D 36\’) TDI‘H) \2(‘)0 Hb() TSIIJD \EbD 20150 221'30 2460 26\")0 28150 30;)0 324‘)0 3400
Time (seconds)
70,533 sec., 2726 658 mV'
e Cursor Coordinates

Figure 6-1: A Typical Chromatogram

The chart format can be altered in a variety of ways (e.g. changing the color). To access a
drop down menu that includes the options, right click in the chromatogram and press the
Chart button that is presented.

6.2.2 Viewing Data

A table containing the most recent data can be viewed via the Analysis Results tab (Figure
6-2). The stream for which data is displayed is selected by the left column on the screen.
The Refresh icon on top of the table is used to present the most recent data.
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Component Name Dry Analysis i:'a'::l:d Dry Analysis f“"“‘"’!"d Dry Analysis in”'a'::':d Dry Analysis
Analysis Time 5/21/2013 10:33 AM | 5/21/2013 10:33 AM | 5/21/2013 10.34 AM | 5/21/2013 10:34 AM | 5/21/2013 10:30 AM | 5/21/2013 10:30 AM | 5/21/2013 10:25 AM
=fcee 0.0300 0.0235 00299 0.0234 0.0301 0.0295 0.0300
Propane 03574 03800 09579 03805 09579 09805 03577
1so Butane 02997 02945 0.3001 02549 03004 0.2951 0.3005
n-Butane 02934 02342 02994 02342 02995 02943 0.3002
#so-Pentane 00385 0.0%68 0,09%0 00573 01013 0.0995 0.1006
n-Pentane 00550 00573 00390 00572 0.09%0 0.0573 00385
Natrogen 25012 24577 25009 24573 25014 24578 25001
Methane 50,1749 88,6055 90.1720 88.6027 50,1701 58,6008 90,1713
coz 05001 04514 04599 04512 04959 4912 0.5004
Bhane 143557 43127 50020 43150 5.0005 49135 50002
Water Vapor 0.0000 00174 0,0000 00174 0.0000 00174 0.0000
Normalized Total 100.0000 100.0000 100.0000 100.0000
Un-Normalized Total 99,8588 993514 998401 99.8840
Gross Heating Value(ideal Gas) | 105579 103741 1055.84 103745 1055.90 103753 1055.89
Net Healing Value{ideal Gas) 55307 53645 $53.12 93653 353.13 33659 953,17
Spectfic Gravity(ideal Gas) 08177 05178 08177 06178 06178 05178 D517
Gross Heating Value(Real Gas) | 1058.27 1040.22 1058.32 104027 1058.39 1040.33 1058.37
Net Heating Value(Real Gas) 95532 939.02 95536 939.06 955.42 33913 95541
Specific Gravity(Real Gas) 06189 06182 06189 06193 06190 05153 06150
Wobbe Index 124518 132180 124522 122183 134525 132196 124525
Compressibility 0357 03973 09977 09573 09977 09973 03577
GF for 1753 1733 1753 1733 1753 17335 17534

Figure 6-2: Analysis Results

Archival data can be viewed via the Archives tab (Figure 6-3).

Lleee mes s
» ] 5/26/2013 11547 AM ‘mani
B
L
8 ‘mem:mcsm Sireem 3
5 5/26/2013 13645 AM Stream 3
10 5/26/2013 14155 A4 Sireom 1
e
s
25 526/2013 21884 AM | Siream 2
26 5/26/2013 223586 AM Strenm 3
z 5/26/2013 22355 A Stream 3
25 5/26/2013 229 12 AM. Stroom |
|
e
Figure 6-3: Archive Tab
If desired, archival data can be sorted by clicking on the Stream column header. To unsort
the data, click on the Reload Downloaded Archives button. The data can be exported to an
Excel spreadsheet by clicking on the Export to File button.
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6.2.3 Generating Reports

A range of reports can be generated via the Reports tab (Figure 6-4). Select the desired
report format (Print, PDF, Open File) and press the button that describes the report that you
want.

Figure 6-4: The Report Tab

6.3 Setting up the Desired Analysis

In addition to the activities described in the View mode, the Edit Mode allows the user to edit
a broad range of operating parameters, calibrate the system, establish a data collection
schedule and setup Modbus parameters.

Typically, the system operating parameters are established during manufacturing and/or
during installation. It is not necessary to edit most of them unless a major change in the
overall system configuration is made. In this section, we will describe only those activities
that are likely to be performed. As an example of this point, the nature of each stream
(sample, calibration, reference) is indicated in the Sfreams Setup tab. In normal operation,
once the system is configured, the nature of the gases delivered to the chromatograph is not
changed.
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6.3.1 Editing the Component Table

The component table contains a list of the compounds to be analyzed, properties of the
calibration gas, the concentration of the various components of the calibration gas and
parameters used for integration.

Once the GC is setup it is unlikely that the user would have to add components to the list.
However, it may be necessary to change any of the time based parameter due to column
ageing and valve wear.

To edit the Component Table:

a) Collect a number of chromatograms from a gas of known composition and determine the
retention time for the peak maximum for the compound(s) of interest. It is recommended
that the average retention time from at least three runs be used to determine the
retention time.

b) Enter the names of each gas (if necessary), the retention time and the concentration of
the various components of the gas in the component table (Figure 6-5).

Chromatogram Analysis Resuls Archives o0y VT CIctel Modbus Reports  Configure /0 Board

= & E} rlwgg:d ‘ T;E'@va\m uml T:.; f{;ﬁwﬁsm (‘;;;icm Anaaysisl R be5  |nOcame D15 |
2 = X = ] ' n-Heptane [0.25 n-Monane
Add Component  Delete Component  \rite To Analyzer
o Caliration Relention ownd Siimming | Skimming Savizky Fiting
Co el e R e e e R T S
Concentration Viindow e Fdge Stat | Edge End Viindow Start
I |cor 0.0300 100|300 4.85696E-10 | 10.000 Skimming |=|30700  |32600 32600 /2035200 42300 2000 0,000
Propane  |10040 57600 3000 |9.628856-10 |10.000 Skimming |v|54400  |56500  |56500 (5300 |53.000  |64800  |2000 o000
| lisoBuane  |04030 7600|5000 872251E10 | 10.000 Skimming | v |60.100  |65.700 65700 0100 |70100 73600 2000 o000
| |nBwane  [04n40 7605000 84464510 |10.000 Skimming |+ |69500  |73400 73400 78.600 78.600 38400 2000 |0.000
| |neoPertane |n0320 %0000 (5000 755367E10 | 10.000 Skmming | v (23000 |89.000 £9.000 91000 91000 w00 |2000 0.000
joPertane |01480 103000 5000  |7.53863E10 | 10000 Skimming |v|91400  |100600  |100600 (106700  |106700  |113000  |2000 oo
| |nPertane  |D1430 116100 |5000 748773E10 | 10.000 Sdmming |v|103700  |113200  |113200 120700 |120700  |132000  |2000 0000
| [Mwgen  [2520  te0m0 2000 1168592605 |10.000 Sanming |v|156500 158900 |158900  |162800 162800 166500  |2000 0000
| |Methene  |oD8480  |167400 2000 1384506E05 | 10.000 Smming |—|160000  [165300  |165300  |172000 172000  |179400  |2.000 0,000
o2 10050 190700 3000 100004E09 | 10.000 Skimming |+ |176900  |183400  |188400 192000  |192000  |199800  |2000 0000
| |ohwe |35 5600|5000 85438610 | 10.000 Sdmming |*|220700  |229600  |229600 239000  |239000  |254600  |2000 0000
g e - | 1 - | Y 2 |

Figure 6-5: Component Table

c) Inspect the various peaks in the chromatogram and determine the Skimming Leading
Edge Start, Skimming Leading Edge End, Skimming Trailing Edge Start and Skimming
Trailing Edge Stop for each peak. This is used to determine the integration window for
each peak

The windows should be selected so that the integration includes the entire peak, but does
not include extraneous signals. A typical set of integration windows is shown in Figure
6-6.
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Figure 6-6: Integration Window

d) Select Skimming as the Integration Method and enter the integration window data in the
appropriate fields.

e) Select the desired items (e.g. method, Heating value Units, Base Pressure and
concentration of higher alkanes).

f)  Edit the Calibration Gas Physical Properties at the bottom of the window.

Do not adjust the Savitzky Golay fields.

g) Press the Write to Analyzer button.

6.3.2 Editing an Action

Actions are used to open/close valves, set the end of analysis or to set a valve purge. A
detailed discussion of editing the Action Table is presented in Section 5.5.

6.3.3 Editing Alarms

Alarms can be set to report levels of a compound above or below expected limits as
described in Section 5.6
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Section 7 ACCUCHROME Validation

7.1 Overview

The ACCUCHROME should be validated on a monthly basis or as per the measurement
requirements of the user.

The validation process involves analyzing a known gas mixture and comparing the analyzer
results to the certified value of the known mixture. This known mixture is referred to as the
calibration gas. The validation process is also used to assess the status of the
chromatograph and may be useful in indicating the presence of e potential problems such as
worn chromatograph valves or contaminated columns.

The calibration gas should be a mixture of all of the gasses the chromatograph is to measure
in proportions similar to those in the actual sample. The composition of a typical calibration
blend is shown in Table 7-1 for a C6+ measurement of natural gas. The calibration gas
should be obtained with a certificate of composition.

Table 7-1: Composition of a Typical Natural Gas Calibration Blend

Component Mole %
Methane Balance (89.67 %)
Ethane 5%
Propane 1%
n-Butane 0.3%
iso-Butane 0.3%
n-Pentane 0.1%
iso-Pentane 0.1%
n-Hexane 0.03 %
Nitrogen 1%
Carbon Dioxide 2.5%
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7.2 Role of the Calibration Gas and the Reference Gas

The calibration gas and the reference gas are the same gas, but are handled differently in the
application software. In the Stream Sequencer screen, the analyst must indicate the nature of
the gas to be analyzed.

o Calibration Gas - If the Calibration Stream is selected, the certified composition of the
calibration gas (which is entered in the Component Table) is used in conjunction with the
peak area to calculate the response factor for each compound.

* Reference Gas - If the Reference Stream is selected, the composition of the gas is
determined using the existing response factors and reported. When the Reference Stream
is run, the chromatograph will analyze the calibration gas and simply report the values for
each component without making any adjustment to the response factors. The reported
composition of the gas should be compared to that reported by the supplier of the
calibration gas to ensure that the system is operating on an acceptable basis.

e Sample Gas - If the Sample Stream is selected, the composition of the gas will be
determined using the existing response factors.

7.3 Performing a Calibration

Before a calibration is performed, it is suggested that the reference stream is analyzed. This
allows the user to determine if the chromatograph is operating in an acceptable manner, or a
fault is present. As an example, if the is significant plugging of a valve or a column, it is
probable that one or more compounds will not elute at the proper time, and the reported
concentrations of various components of the sample will be significantly different that that
expected for the gas.

If a reference stream is not analyzed before a calibration stream, it is
possible that the user will generate an invalid calibration via the calibration
process. Running the Reference run allows the user to identify this
problem and correct it while running the Calibration will mask the problem
by simply adjusting the response factor.

In some cases it may be desirable to perform a daily auto calibration to ensure that the
chromatograph is functioning correctly on a day to day basis. A daily calibration can be set
up to perform the calibration automatically (see Section 5.8). In this case the chromatograph
will automatically make adjustments to the response factors within limits set by the user in the
Allowable Response Factor Deviation entry of the Configure G.C. table .

The chromatograph can also be set up to run the reference gas on a daily basis. In this case
the results of the analysis of the calibration gas are reported and the user should compare
the results to the reported concentrations provided by the supplier of the gas and determine if
the GC is operating correctly based on those results.
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To Validate the System:

a) Place the analyzer into Reference mode via the Stream Sequencer selection of the
Configure G.C. tab (Figure 7-1).

Figure 7-1: Stream Sequencer Selection of the Configure G.C. Tab

b) Set the top entry in the Sequence of Runs field to Ref 1 (or Ref 2 as required). If there
are additional entries in the table, delete them by moving the highlight to it (the active
entry will be highlighted in blue) and press the Delete Sequence button.

c) Transmit the changes to the analyzer by pressing the Write to Analyzer icon at the top of
the window. When the information has been transmitted, made the analyzer will
complete the run it is performing and then switch the appropriate solenoid to flow
calibration gas to the analyzer.

d) The analyzer will then inject the calibration gas and begin to analyze it. Once the run is
complete the results for the analysis can be viewed via the Analysis Results tab.

The analyzer will continue to analyze the calibration gas until the user
changes the Stream Sequencer back to the process stream(s).
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7.4 Determining if the Chromatograph is Functioning in an Acceptable Manner

There are a number of values that can be checked to see if the system is functioning

properly:

a) Compare the results of the analysis of the calibration gas to the certified value of the
calibration gas. Typically the value for each component should agree to within the

tolerances shown in Table 7-2.

Table 7-2: Typical Allowed Deviation

Component Concentration

Allowed Deviation (ASTM 1945)

0-0.01% +/-0.01 %
0.01-1% +/- 0.04 %
1-5% +/-0.07 %
5-10% +/- 0.08 %
10 — 100% +/- 0.10%

b) Review the un-normalized total reported by the system for the Reference Gas. Typically
the un-normalized total for the calibration gas should be within 98% to 102%. If the un-
normalized total is not within tolerance, it is possible that the peaks are not being
integrated properly due to a shift in the retention time of one (or more) components.

c) Review the calculated heating value of the calibration gas as analyzed by the

chromatograph with respect to the theoretical heating value of the calibration gas. The

calculated heating value should typically be within +/- 0.25 BTU.
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7.5 Remedial Activities if the Observed Results do not Meet the Certified Values

If the results are not within specification, the following steps should be taken:

a) Verify that the carrier gas pressure is set correctly. The correct setting for the carrier gas
is and is also indicated on the carrier gas regulator’s pressure gauge. If the pressure is
not set correctly then it should be adjusted.

b) Verify that the oven temperature is at the correct set point. The correct set point of the
oven is of this manual.

c) Verify the timing of the integration of each peak on the chromatogram. Each peak should
be analyzed to ensure that the integration parameters are set correctly and that there has
not been any retention time drift that may affect the way the peak is integrated.

d) Compare the actual retention time of the peak to theoretical retention time. The actual
retention time can be determined by setting the mouse pointer at the top of the peak on
the chromatogram.

e) Check the integration marks for each peak on the chromatogram which indicate where
the integration for each peak starts and ends. The marks should include the entire peak.
If the marks show that only part of the peak is being integrated, then the integration
parameters in the Component Table should be observed and corrected.

f) Make certain that the Skimming Parameters for each peak are rational. Skimming
parameters are used to indicate the window in which the minimum before the peak and
after the peak are to be found and are listed in the Configure G.C. table (Figure 7-2). The
windows for a typical peak is shown in Figure 7-3.

ompon Calbration ention Retention SpOnse NIDSWE:SE egration Skimming Skimming immin imiming imming imimins
ﬁami = C::CE i %:em \,"[i';znw ?:dpu;r ‘ Ea:{:;ion I\LETQ LEzagimsgtart Ig:agiunEgn i ?'éak Stgrl gleﬁak Engd %;iling Sgtan -?—'I(E\hﬂg End
13 §S+ _D.I}EE}D 41 3.000 _4 267101E-09 __1DD[: 000 _Skimming L}_S.AD{) _1.5{!-I} ESZ.?BD f 35.200 1.100 | 8.200
Propane .‘I 0000 57.686 |3.000 1.1619391E-08 .1DDD 000 .Skimming L’ 3300 .1 230 .5{5 700 55.100 1.170 7070
i_so-Butane _D.EOL‘D 67.618 |5.000 1.1709404E-08 _1DDDDDD _Skimming :J_S.ﬂ{}: _1.532 56{:‘.199 70.100 2098 |5.998
oo 0300 I O 12013337608 |1000000 | Skimming 7] 6 081 [E18E 400 £k 249 1281

iso-Pentane _D.WDI}D 103.022 5.000 _1 3986287E-08 __1DD[} 000 _Sklmmlng ;}_HEED _E.AED :1I}1.2D{} _1I}5.TDE 3.020 9.920

n-Pentane D.1000 116.128 5.000 1.18075B4E-08 1000.000 Skimming LI 10463 3563 | 113.600 120.700 3537 16.837

Hntmgen _Z.EDL‘D 160.824 2000 8.501585E-09 _1DDI}DD{} _Sklmmlng :J_A.BEE _1.5{}2 :155.9[}{} 162.800 1500 | 5698

I Mei_h_an_e _Bﬂ.ﬂﬂl} 1_6_?_4{5:1_ ‘_Z.DD_I} 1| 12{}‘:3335E-DE 1DDI}DDD _S_kin_1mir!g _v_] 7045 15[M} 1E7I}DI} 1?_2_.{?[!& 2.555 1_1 555

coz .DSDDD 190762 3.000 .B 040777E-09 "1DDD 0oo .Skimming L}.1135D .2 300 :1ETED{} .152 0on 2700 5.150
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Figure 7-2: Configure G.C. Table
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Figure 7-3: Skimming Parameters indicate the Windows
in which the peak minima can be found

Verify the valve timing. There are 2 areas where drift in the retention times of the peaks
may cause problems with the valve actions.

e C6+ Back Flush - Chromatograph Valve 1(CV1) is turned ON to inject the contents of
the sample loop into Column 1. Nitrogen, Methane, Carbon Dioxide, Ethane, Propane,
iso-Butane, n-Butane, iso-Pentane and n-Pentane pass through Column 1 and into
Column 2. The flow of carrier gas through Column 1 is then reversed so that hexane
and heavier components are eluted through the detector as a composite peak. Ideally,
CV1 should be turned OFF when n-Pentane has eluted from Column 1 but the Hexane
has not. This point can be determined by setting the CV1 OFF time to a smaller than
normal value so that all or some of the n-Pentane gets back flushed from Column 1.
The time for CV1 OFF can then be increased in 1 second intervals. For each run
observe the area for the C6+ peak and the area for the n-Pentane peak. The CV1 OFF
time should be increased until the n-Pentane peak no longer increases and the C6+
peak does not decrease.

Ethane/Propane Split - At this point in the run, Nitrogen, Methane, Carbon Dioxide,
and Ethane pass through Column 2 and into Column 3. Chromatograph Valve 2 (CV2)
is turned OFF so that Column 3 becomes isolated with Nitrogen, Methane, Carbon
Dioxide, and Ethane trapped inside. Column 2 continues to elute until Propane, iso-
Butane, n-Butane, iso-Pentane and n-Pentane are eluted through the detector. Ideally,
CV2 should be turned off when Ethane has eluted into Column 3 while Propane is still
in Column 2. If CV2 is turned off too soon, some or all of the ethane will stay in Column
2. This will cause an error in the amount of area integrated for ethane. If CV2 is turned
OFF too late, then some or all of the propane will elute into Column 3, causing an error
in the Propane area. The correct time for CV2 to be turned off can be determined by

decreasing the CV 2 OFF time so that the peak area for Ethane drops off. This time can

then be increased in 1 second intervals. For each run note the peak area for Ethane
and Propane. The CV2 OFF time should be increased until the Ethane peak area no
longer increases and the Propane peak are does not decrease.
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Section 8 Modbus

8.1 Overview

The Modbus tab allows the user to set up the analyzer to output data in 3 varieties of the
MODBUS communication protocol - Enron, Modicon 16, and Modicon Floating Point. As
there are a large number of possible configurations for Modbus, and every user may desire a
slightly different configuration, this manual will only cover the basics of Modbus configuration.
If the user requires assistance in setting up a Modbus configuration, the Service department
at Galvanic Applied Sciences Inc. will assist in configuring the unit as desired.

When the Modbus selected, the main Modbus page (Figure 8-1) is opened. There are three
pages to the tab, which are accessed by pressing on the desired format by clicking on the
name on the right side of the screen

e Modbus Lists (Section 8.2) - presents the available points and items
e Communication Ports (Section 8.3) - lists the various ports and allows the user to configure
the ports used for Modbus communication.

| Chromatogram  Analysis Results Archives Configure G.C. [LIeiiT- I Reports - Configure 1/0 Board

1

\wite To Analyzer I
= Bl e o Address: 1 Endian: Litle Endan v | | 32bi Register Swap  Slave/Master: Slave v | ks tins
| == Paints admame——————————————— & B
A i M1 iems Register Rezl Time Valus Enable Manuzl Set Value | Manual Set Valus bl
6+ 1 Modbs lings.:
-~ Fropane Coils
iso-Eutane B Short Integers
~n-Bustane Last Run Stream Number 3034 2
nec-Pentane Place Holder(Short) 3035 0
- iso-Pentane Current Manth 036 7
n-Pentane g Current Day 3037 1
~ Nitrogen i Current Hour 039 6
I\Jeﬂ‘aﬂe Current Minute 040 58
~Coz2 Cycle Start Time- Month 3041 7
: Ethane Cycle Start Time - Day 042 1
E- Physical Properties Cycle Start Time- Year 3043 2013
GHV Real Dry Cycle Start Time - Hour 3044 6
~GHV Real Sat Cycle Start Time - Minutes 2045 47
gravity Place Holder{Short) 3045 o
- compress i Place Halder(Short) 047 0
vigbbe Flace Holder(Short) 042 o
| = norm percent Place Holder(Short) 3049 0
&-Run Place Holder(Sheri) 3050 0
i Last Run Stream Number Placs HolderiShert) 3051 o
- Time Place Holder(Sheri) 052 0
= Current Year Place Holder(Short) 053 0
Ctirene Morid Place Holder(Sheri) 3054 0
- Current Day Place Holder(Short) 3055 0
CLRrent 1 ous Place Holder(Sheri) 3056 0
Current Minute Place Holder(Short) 057 0
Current Secnd New Dt Flag 058 0
Current Day Of Week Calibnalysis Flag 058 1
Cycle Start Time- Month Current Month 3006 7
Cycle Start Time - Day Corrent Doy 9007 1
Cyele Start Time - Year Current Vese 3008 2013

Figure 8-1: Main Modbus Page

The Write to Analyzer icon is used to transmit the various setting on the Modbus tab to the
analyzer.
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8.2 The Modbus List Page

The Modbus List page (Figure 8-1) lists general information about the Modbus data protocol.
The format will depend, in part on the selections made on the lop line of the page.

Type - There are three Modbus types: Enron (Section 8.2.1), Modicon 16 (Section 8.2.2) and
Modicon with Floating Point (Section 8.2.3).

Address - Indicates the Modbus address of the analyzer.

Endian - allows for selection of Big Endian or Little Endian. This parameter defines if the
most significant bit or the least significant bit for a word is transmitted first.

32-Bit Register Swap - For 32 bit registers that are transmitted as 2 16 bit words, this
parameter determines if the integer or the fraction part of the number is transmitted first in the
first word.

Slave/Master - If Slave is selected, the Modbus list will act as a slave and will transmit data
only when it has been interrogated. If Master is selected, then the Modbus list will transmit
data at the end of each cycle to a slave device.

8.2.1 Modbus List Page - Enron Mode

An Enron Modbus list contains 4 nodes on the Modbus tree. They are Coils, Short Integers,
Long Integers, and Floating Point. Coils are Boolean data points - that is to say, they have a
value of either 0 or 1. To that end, data points entered into the Coils node would usually be
data points that are simple status indicators, indicating the status of a given alarm, input, or
output. If the value of the data point is 0, the status of the logged alarm, relay, etc, would be
off, and if the value is 1, the status would be on. Short integers are 16 bit whole numbers
with either positive or negative sign. Long integers are 32 bit whole numbers with either
positive or negative sign. Floating point values are also 32 bit numbers, but unlike the
integers they do not have a sign, but they do have decimal points. Typically, they refer to
concentration information.

The left column on the Modbus List page indicates the available points and the right column
lists the items, the Register where the data is transmitted and the Real Time Value . If desired
the user can indicate a Manual Set Value by clicking on the Enable Manual Set Value box
and then entering the value in the adjacent field, then pressing the Write to Analyzer icon. As
an example, the user might want to adjust the Hour field for the onset of daylight saving time .

A typical example of Short integers is presented in Figure 8-2 and an example of Floating
Points is presented in Figure 8-3.
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[tems | Register | Resal Time \Valus | Enable Manual SetValue | Manual SetVWalue

PS—

Cails

= Short Integers
Last Run Stream Number 3034 2
Flace Holder({Shert) 3035 0
Current Menth 3036 7
Current Day 3037 15
Current Hour 3039 7 9
Current Minute 3040 kil
Cycle Start Time- Month 3041 7
Cycle Start Time - Day 3042 15
Cyecle Start Time - Hour 3044 7
Cycle Start Time - Minutes 3045 24
Place Holder({Shert) 3046 0
Place Holder({Short) 3047 0
Place Holder( Short) 3048 0
Flace Holder(Short) 3045 0
Place Holder( Short) 3050 0
Flace Holder(Shert) 3051 0
Place Holder({Short) 3082 0
Place Holder( Short) 3053 0
Flace Holder(Shert) 3054 0
Place Holder({Short) 3055 0
Place Holder( Short) 3056 0
Place Holder( Shert) 3057 0
New Diata Flag 3058 1
Csllnalysis Flag 3055 1
Current Menth 3006 7
Current Day 5007 15
Current Year 5008 2013
Current Hour 9009 7
Current Minute 8010 3
Current Second 5011 53
Current Day Of week 5012 pd

Figure 8-2: Enron Mode, Short Integers
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ltems. | Register | Real Time Yalue | Enable Manual Set Yalue Manual Set Value

=] Floaiing Points

Ce+ 7001 0.02407313
Propane 7002 06507744
isg-Butane 7003 0.1749122
n-Butane 7004 0.1663135
nec-Pentane 7005 2.370617E-0B
iso-Pentane 7006 0.05233501
n-Pentane 7007 00452929
Mitrogen 7008 4 0733596
Methane 7009 89.77565
coz 7010 0.421065
Ethane iyl 4 h51667
GHV Real Dry 7033 1024717
GHV Real Sat 7034 1007 23
gravity 7035 0.6138125
COMpress 7036 0.9977956
wobbe 037 1307 535
Stream 1 GHV Resal Dry D, 8200 1024 663
Stream 1 gravity Avg. 8201 0.6137841
Stream 1 C6+ Avg. B202 002376424
Stream 1 Propane Avg. 8203 0.6518351
Stream 1 iso-Butane fAvyg. 8204 0.1747608
Stream 1 n-Butane Awvg. 8205 0.1664784
Stream 1 neo-Pentane Avg. 8206 1.193721E-08
Stream 1 iso-Pentane &vg. 8207 005152414
Stream 1 n-Pentane Lvg. 8208 0.04937418
Stream 1 Mitrogen Avg. 8209 4074533
Stream 1 Methane Avg. 8210 23 77683
Stream 1 CO2 Avg. 8211 0.4807034
Stream 1 Ethane Awvg. 8212 4550104
Stream 2 GHWVResl Dry D, 8213 1024 645
Stream 2 gravity Avg. 8214 06137764
Stream 2 C6+ Avg. 8215 0.02371872
Stream 2 Propans Avg. 8216 06515137
Stream 2 iso-Butane &vg. 8217 01747258
Stream 2 n-Butane Avg. 8218 0.1664412

Figure 8-3: Enron Mode, Floating Points

8.2.2 Modbus List Page — Modicon 16 Mode

A Modicon 16 Modbus list contains 4 nodes on the Modbus tree. They are Output Status,
Input Status, Input Register, and Output Register. The Input and Output Status nodes
contain Boolean data points. Data points in the Output Status node are able to be written to,
so the Output Status node can contain data points such as stream requests. If the value in a
given stream was changed from 0 to 1, the analyzer would then initiate that stream. Data
points in the Input Status node are read-only, so this node would contain data points such as
alarm, input, and output status that cannot be changed remotely. Input Registers are data
points that are read-only outputs of analyzer data, such as calculated concentration. Please
note that Modicon 16 only outputs data as 16 bit numbers, so the display of decimal points in
this type of Modbus list is not possible. Output Register contains non-Boolean data points
that can be written to remotely. These would include such things as tape length, calibration
gas concentration, and gain factor.
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8.2.3  Modbus List Page — Modicon with Floating Points

Modicon with Floating Point is similar to the Modicon 16, as it contains 4 main nodes on the
Modbus tree. However, the Input and Output Registers contain sub-nodes. They are
Register Short, Register Long, and Register Float. Thus, the input and output registers can
output data in 16-bit, 32-bit, or 32-bit with floating point in the Modicon with Floating Point
Modbus list.

8.3 Communication Ports

The Communication Ports page (Figure 8-4) is used to indicate the external ports through
which Modbus data is exported.

Figure 8-4: Communication Ports Page
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There are two aspects to this page:

The Enable Serial Ports, Expansion Serial Ports and Ethernet (TCP) fields on the left are
used to indicate the port through which the data is to be exported. Each item in these three
regions can be toggled to either Modbus 1 or None. Different Modbus lists can be assigned
to different communication ports.

The Enable Ports check box should be selected if data is to be transmitted via a serial port.

The Termination On check box should be selected if a termination resistor is required for the
RS485 serial port.

The right side of the page is used to configure the port(s) that are used to transmit data. The
format of all ports except Ethernet Configuration is the same (Figure 8-5). The
communication parameters should be entered.

Cn Board COM1 [R5-485) Configuration & |

Baud Rate: Data Bits:
Parity: Stop Bits: |1

RTU/ASCI: RTU ¥

!E

Figure 8-5: Setting Port Configuration

If the Ethernet Configuration is selected, the Configuration dialog box is as shown in Figure
8-6. The communication parameters should be entered.

Ethernet Configuration #

IP Address:

Pool Time: 0

Figure 8-6: Setting Ethernet Configuration

When the parameters have been selected, press the Write to Analyzer icon
Enter the address, port and pool time.
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Section 9 Maintenance

9.1 Overview

The AccuChrome Natural Gas Chromatograph is designed for automatic trouble-free
operation and will provide reliable service with very little attention. This section describes a
number of routine operations that will ensure maximum uptime including:

¢ Performing a weekly system check out (Section 9.2)
¢ Cleaning the System (Section 9.3)

¢ Replacing the He Cylinder (Section 9.4)

e Maintaining Flow Control (Section 9.5)

¢ Replacing Internal Components (Section 9.6)

¢ Checking the Column Temperature (Section 9.7)

A spare parts list is provided in Section 9.8. .

If difficulty is encountered performing any of the maintenance procedures outlined in this
section, additional technical assistance may be obtained from:

Galvanic Applied Sciences, Inc,
7000 Fisher Road SE
Calgary, Alberta T2H OW3 CANADA
Phone: (403) 252-8470
Fax: (403) 255-6287
E-mail: info@galvanic.com

9.2 Weekly Check-out Procedure

It is recommended that a weekly check-out procedure is performed to verify that the analyzer
is operating according to specifications. The Weekly Check-up Report (Figure 9-1) should be
filled in, dated and kept on file. These reports will give a record of the analyzer's performance
over time and will be useful in planning gas bottle replacement and troubleshooting. The
flows and pressures are recorded and should be adjusted as specified in the Configuration
Report. The column temperature and baseline reading should also be recorded.

Do not adjust the helium pressure, as this will cause the retention times of
the components to shift.
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ACCUCHROME Natural Gas Chromatograph Checkout
Sheet

Date
Checked by

Analyzer Serial Number

Helium Pressure Found

Sample Pressure Found Setto

Sample Flow Found Set to

Column Temperature

Baseline Reading

Figure 9-1: ACCUCHROME Natural Gas Chromatograph Checkout Sheet

If any of the diagnostic parameters deviate from the specifications, consult the
Troubleshooting section in this manual (Section 10) or contact Galvanic Applied Sciences.

9.3 Cleaning the ACCUCHROME

The exterior of the unit can be cleaned with a cleaner that is suitable for stainless steel.
When cleaning the exterior of the unit, take care that the cleaning material does not enter the
interior of the unit. Do not to submerse the unit in water, clean it with a hose or with
excessive amounts of water

Do not attempt to clean any of the electronic equipment within the unit.

9.4 Replacing the Helium Cylinder

The helium cylinder should be replaced before it runs out. A large helium cylinder will
typically last 3 - 6 months; this depends on the usage of the system. Galvanic Applied
Sciences recommends using a two cylinder manifold system to minimize downtime.

Take care to ensure that the helium supply is replaced before the gas is
depleted from the tank. If the helium supply does run out, it may be
necessary to allow helium to flow thru the system for 24 hours to re-
equilibrate the analyzer.
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9.5 Maintaining Flow Control

Stable helium pressure is very important to maintain repeatable retention times of the
components and a dual stage regulator is recommended. The pressure should be
maintained at the reading indicated in the Configuration Report. For optimum operation of
the system, UHP helium is required. If UHP helium is not readily available, HP helium can be
used with a series of scrubbers. If scrubbers are employed with HP grade helium, please
contact Galvanic Applied Sciences Inc for specific recommendations.

The sample pressure is not as critical as the helium pressure but should be maintained at a
constant pressure between 10 and 100 psig.

Calibration gas pressure should be maintained at the same pressure as the sample gas so
that the flow during calibration will match the flow during normal operation.

It is important to maintain the calibration gas at a relatively constant
temperature. The temperature should be above 59°F (15°C) as heavier
hydrocarbons may condense in the sample lines at lower temperatures.

9.6 Replacing Internal Components

The operator may be required to change the valve or columns, which are located in the upper
compartment (Figure 9-2).

Sample Loop

Column 2

Helium enters to

Column 1 I actuate valve

Figure 9-2: Columns and Valve

Make certain that the power is turned off before opening the compartment
containing the valve, columns and detector.
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The oven is set to 70°C. Take care that the user does not touch the heater
elements. It is suggested that the system be powered down for 20-30 min
before opening the compartment containing the valve, columns and
detector.

LR EIER Substitution of components may impair suitability for the Class I, Division 1
Classification. All replacement components should be obtained from
Galvanic Applied Sciences to ensure compatibility.

9.6.1 Replacing the Valve

The most common cause of failure of a chromatograph valve is particulate
contamination in the sample or actuation gas. It is imperative that the
sample is clean and dry.

The chromatograph valve must be cleaned or replaced if it is found to leak. A leak in the
injection valve will typically be characterized by any of the following symptoms:

¢ Elevated baseline,

Poor analyzer repeatability

Poor back flush peak shape,

Shifted retention time of the back flush peak,

The presence of a second peak immediately following any valve actuation.

A model of a Valco 10-port valve is shown in Figure 9-3.
To change a valve:

a) Turn the analyzer to the ‘Halt’ mode.

b) Turn off the sample gas flow to the analyzer.

c) Turn off the helium gas flow to the analyzer.

d) Undo all fittings that go into the ports of the valve, including the valve actuation line.

Remember which connections were made to which ports.
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Valve fittings
(numbered 1 - 10)

Mounting holes

Valve actuation line

Figure 9-3: Valco 10-port Valve (some systems have 6-port valves)
e) Remove the valve by loosening the screws that hold down the valve-mounting bracket.
f) Replace the valve and the mounting screws.

g) Re-connect the ten fittings to the correct ports. Re-attach the actuation line. See the
analyzer flow diagram in Section 2.1 for assistance.

h) Return the helium flow to the analyzer. At this point the analyzer should be allowed to
stabilize for 24 hours and is then ready for analysis

The failed valve can then be cleaned or rebuilt and kept on hand as a spare for possible
future valve replacement. Please contact Galvanic Applied Sciences Inc. if a leaky valve is
suspected before attempting to replace a valve.

9.6.2 Replacing the Column(s)

The system has either one or two columns as described in Section 2. It may be necessary to
replace the column(s) if they become contaminated with particulate matter or flooded with
liquids. — note - if the columns are changed, it is likely the action list / component table will
require adjustment as each set of columns is slightly different

To replace a column:

a) Turn off the Helium flow

b) Unscrew the nuts that connect the tubing from the column to be removed.

Ensure that the tubing from the valve is dry. If necessary, dry the tubing and all tubing in

the system.

d) Install the new column. The nuts should be finger tight plus V4 turn.

e) Check for gas leaks and slightly tighten the nuts if necessary. Do not over tighten the
nuts.

f) Power up the system and allow the system to equilibrate for 24 hours.

(]
~ =
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9.7 Checking the Column Oven

The column and valve are temperature controlled at 60°C or 70°C £ 0.1°C by the column
oven (heater). This oven is designed to maintain a stable temperature when the ambient
temperature is between -18°C and +60°C. Operation outside these limits will decrease
accuracy of the analyzer and is not recommended. Outdoor locations or installation in
outdoor enclosures is not acceptable.
The temperature is measured with a 100-ohm RTD. Measuring the resistance of the RTD

should result in a reading of approximately 100 ohms at ambient temperature.

9.8 NEMS C9 Module

For models with a NEMS C9 Module installed, please refer to the Operation Manual Addendum
1 — NEMS C9 Module (MA2963-A1). If this was not included with delivery of your unit, please
contact our product support team. Their contact information is provided in the section 9.9.

9.9 Spare Parts

If spare ACCUCHROME parts are required, please contact:

Galvanic Applied Sciences, Inc,

7000 Fisher Road SE

Calgary, Alberta T2H 0W3 CANADA

Phone: (403) 252-8470
Toll free 1-866-252-8470
E-mail: support@galvanic.com

A list of common ACCUCHROME replacement parts are shown in Tables 9-1

Table 9-1: ACCUCHROME Class 1, Div 2 Parts List

Part # Description

BA1910 HELIUM PRESSURE REGULATOR, 0-100 PSI
BA1924 2 INCH PRESSURE GAUGE, 0 -100 PSI
SA2961 KEYPAD

BAO0071 FLOWMETER

BA2958 12 VDC LOW POWER SOLENOID

BA1587 RTD

VARIES COLUMN SET - APPLICATION SPECIFIC
BA0946 6 PORT VALVE

BA1592 10 PORT VALVE

BA1734 6 OR 10 VALVE DIAPHRAM

BA1590 THERMAL CONDUCTIVITY DETECTOR (TCD)
PT2874 CONTROLLER BOARD

PT2890 LCD DISPLAY BOARD

PT2935 I/O BOARD

MA2963 ACCUCHROME OPERATION MANUAL
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BA7430

RIBBON CABLE

Floor Stock 14 INCH ARCNET CABLE ASSEMBLY
Floor Stock 12 INCH POWER CABLE ASSEMBLY
SA2925 [.S. BARRIER (CL I, DIV1 VERSION ONLY)
SS-2F-LE MICRON INLINE FILTER HOUSING
SS-2F-K4-7 7 MICRON INLINE FILTER ELEMENT
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Section 10 Troubleshooting

10.1 Overview

Troubleshooting is the determination of the cause of a difficulty in the system. Typically, the
operator will perform troubleshooting activities when the system is providing data that the
operator believes to be incorrect, such as a dramatically lower signal for all compounds. It is
important to recognize that the output from the system represents the condition of the entire
analytical system, and the most critical step is to determine the component at fault.

As an example of this point, a noisy baseline could be due to:

a) the delivery of the sample

b) the column (the column could be contaminated)

c) the detector (there could be an electronic problem on a printed circuit board)
Troubleshooting and the amount of down time can be minimized by the following guidelines.

¢ In almost all cases, there is one and only one proximate cause for a problem.

¢ A fundamental knowledge of the role of each component of the system is very useful for
diagnosing the problem.

o If any aspect of the sampling has changed, run a before and after test to make sure that the
change is well understood. Do not consider any change as trivial. As an example, if the user
has changed the pre-treatment of the sample, he/she should verify that the change does
not affect the overall analytical process.

e The availability of critical spare parts to substitute in the system is extremely useful. If it is
suspected that the fault lies in a component, replacing that part can quickly determine if that
part was at fault.

¢ In many cases, the problem is sample related (rather than instrument related) and well-
defined samples should be used monitor the performance of the system from time to time.
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10.2 Potential Faults

10.2.1 Baseline Issues
Problem Cause Corrective action
High Baseline TCD Excitation board Halt the analyzer, open the

baseline signal is set too high

column oven, and adjust the
screw marked ‘Baseline’ on
the potentiometer on the
electronics board inside the
oven until the baseline reads
lower. If the baseline
continues to drift upwards
after 24 hours, check the next
troubleshooting tip.

There is a leak

Check all fittings inside and
outside the oven. Tighten up
any loose fittings. If the
problem persists, disassemble
the valve (as shown in Section
15), and clean or replace the
valve.

Baseline is unstable

There is a leak

Check all fittings. Ensure that
helium pressure is stable at
60 psig.

Temperature in the column
oven is unstable.

Allow the temperature to
stabilize inside the oven for 24
hours prior to carrying out
another analysis.
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10.2.2 Questionable Chromatographic Output

Problem

Cause

Corrective action

Incorrect readings

Peaks have shifted,
integration parameters
incorrect

Check that helium pressure is at 60
psig, and / or adjust retention times.
Examine the chromatogram and
determine if peaks have shifted or if
integration parameters are not
correct.

Analyzer reads 0.000

Analyzer is Halted or
retention times have
shifted.

Check Analysis Control to see if the
analyzer is halted. Check the
chromatogram to see if there is a
problem with the integration of peaks.

Wrong Nitrogen/Methane
readings

Poor Nitrogen/Methane
separation

Check the chromatogram to see if the
nitrogen/methane peak separation
and integration parameters are
correct. Check all fittings inside and
outside the oven.

Two peaks observed in
chromatogram immediately
following a valve switch
event.

The valve is leaking
because it is dirty.

Disassemble the valve (see Section
15), and clean the valve.
Alternatively, a new clean valve can
be installed, and the dirty valve can
be sent back to Galvanic Applied
Sciences Inc. for cleaning.

Large unidentifiable peak.

Possible contamination

Clean all tubing and solenoids with
Isopropyl Alcohol and let dry
completely. If problem persists and is
negatively affecting results, contact
Galvanic for assistance.
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10.2.3

Instrumental Issues

Problem

Cause

Corrective action

No flow when Cal. Is
initiated.

Solenoid does not
energize

Check that there is 24VDC at
solenoid. Check that solenoid is wired
to connector P5 terminals 1 and 2. If
the solenoid still does not energize,
replace solenoid.

Analyzer won'’t turn on.

No power

Check power termination connectors.
Check display power from
motherboard connector
P15(motherboard)-red, black going to
P10(display) —red, black

Communication Error is
displayed on the personal
computer

Communication setup is
incorrect.

Select the Connect To Analyzer icon
in the ACCUCHROME software.
Select the correct “Log in Navigation”
icon and follow the on screen
prompts.

Erratic flow meter float

Flow meter tube is
contaminated.

Clean flow meter tube with isopropyl
alcohol and dry with clean, dry
instrument air.
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Section 11 Theory of Gas Chromatography

11.1 What is Gas Chromatography?

Gas chromatography is the separation and detection of a gaseous mixture of compounds
(solutes) into its individual components. As described below, it can provide:

¢ Qualitative Analysis - what is in the sample
¢ Quantitative Analyses — what is the concentration of the various gases in the sample

This appendix describes:

e How a gas chromatograph operates (Section 11.3)
e The components of a chromatograph (Section 11.4)
¢ The role of the chromatogram (Section 11.5)

A discussion of the various equations that are used for quantization is presented
in Section B.

11.2 How Does a Gas Chromatograph Separate the
Compounds in a Sample?

The components (e.g. methane, ethane etc.) of a gas sample are separated in a gas
chromatograph by distribution of the components between a ‘mobile phase’ and a ‘stationary
phase’. A mobile phase (carrier gas) is an inert gas such as helium, argon, or nitrogen which
transports the sample through a column which contains the stationary phase. The stationary
phase will adsorb and desorb the various components of the sample at different rates,
depending on the nature of each compound.

Some compounds will have a greater affinity for the stationary phase than others. A
compound with a strong affinity for the stationary phase will travel thru the column more
slowly than a compound with a weak affinity. As a result of these differences in mobility,
sample components will become separated from each other as they travel through the
stationary phase in the column. The components will emerge from the column (elute) at
different times. When the components reach the end of the column, they pass over the
detector, where they are identified and their concentrations are determined. Figure 11-1
shows the separation process as the carrier gas moves the sample through the column.

Revision 6 105 2021/09/08



Flow of Mobile Phase

Injector
Time = t1
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Figure 11-1: Separation of a Gas Sample via Gas Chromatography

11.3 Basic Parts of a Gas Chromatograph

A Gas Chromatograph (Figure 11-2) includes the following components:

o0

gas
supply

oven

column

detector

sample valve recorder

Figure 11-2: Components of a Gas Chromatograph

e Gas Supply — provides the carrier gas
e Sample Valve — injects a measured amount of sample gas into the carrier.
¢ Carrier Regulator — maintains a constant pressure of the carrier gas to ensure a constant

carrier flow rate.

i Detector

Column

e Column — a glass or metal tube that contains the stationary phase. The sample gas passes
through, and the components of the gas are separated within the column.
e Detector — senses the changes in a property being measured as the individual components
elute from the column. It identifies and, with a response factor, quantifies the components of

the sample (Section 8.4).

¢ Oven — The detector and column are maintained at a constant temperature by the oven.
Constant temperature is essential to achieve proper separation of components.
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11.4 How are the Components Detected and Quantified?

The purpose of a detector is to monitor the carrier gas as it emerges from the column and to
generate a signal in response to variation in its composition due to eluted components. A
Thermal Conductivity Detector (TCD) is used in the ACCUCHROME Gas Chromatograph.

The Thermal Conductivity Detector consists of four spiral wound filament wires supported
inside cavities in a metal block. A constant DC current is applied to the filaments, which are
arranged in a Wheatstone bridge configuration. When pure carrier and reference gas are
flowing across the filaments, the heat loss, and thus filament temperature, is constant. This
consistent filament temperature produces a constant filament resistance. The currents in the
electronic bridge can be balanced to produce a zero signal level as a reference.

When a specific component enters the TCD with the carrier, the heat dissipated from the
filaments on the measured side changes. The amount of change is dependent on the
thermal conductivity of the gas, which is different for every component in the sample. This
change in heat dissipation causes a change in electrical resistance, which leads to an
imbalance in the electronic bridge. The resulting electrical signal is then used in conjunction
with a Response Factor to measure the concentration of the component. Figure 8-3 shows
an example of the TCD filament configuration.

Output e ——

-~ - = Roference
s
RN
Out ¢ = » Out L
wer —
/ ? ‘ pply = Qulput
/‘ 7 rz‘ ——= Filaments
/ r ,/ Amplifier
From column — el g <~ From column Sample

Figure 11-3: Design of a Thermal Conductivity Detector
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11.5 The Chromatograph Output: The Chromatogram

The signal output by the TCD is used to generate a chromatogram, which is a graph of
detector response against time. The presence of a component will generate a spike in the
TCD'’s response, which appears as a ‘peak’ on the chromatogram. The components are
identified by the microprocessor according to the length of time it takes them to elute from the
column. The concentration of each component is calculated using a response factor
determined during calibration with a certified standard. Figure 11-4 shows the different
characteristics and definitions of a typical chromatogram, assuming two components called

‘A’and ‘B’.
Coamponent &
P,
Peak/
Coamponert B
Detectar signal
{concentration)

Baseline

Ig Ly s kg ——=Tima
start "ll'“ III.l"m,| "n,I'RE ——=Volume

Figure 11-4: Chromatogram Description

tm - dead time: time for non-retained species to move through the column.

Vm .- dead volume: volume of mobile phase in the column.

tr - retention time: the time it takes a component band to completely travel through the
column. Each component will have a characteristic retention time.

VR - retention volume - the volume of gas that passes through the column between the point
of injection and the peak maximum of the component.

A - peak area - response is proportional to the concentration of the component.

h - peak height - the distance between the peak maximum and the baseline geometrically
produced beneath the peak.
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Section 12 Wiring Book

The Wiring book for the ACCUCHROME is described in Table 12-1. In addition to the figures
presented in this section, the diagrams are provided on the distribution disk for the PC

application program.

Table 12-1: Wiring Book — ACCUCHROME Gas Chromatograph

Wiring Diagram for Connector | Figure
DC Power P1 12-1
Relays P2 12-2
Analog Outputs - 4-20 mA Loop Powered P3,P4,P5,P6 | 12-3
Analog Outputs - Self Powered Mode P3,P4,P5,P6 | 12-4
Isolated RS-485 Port Connections P7 12-5
Isolated RS-232 Port Connections P8 12-6
Analog Inputs - RTD Connections P9 12-7
Analog Inputs - Pressure Transducer P9 12-8
Connections

Analog Inputs - 4-20- mA Connections P9 12-9
Analog Inputs 4-20 mV TXR Connections P9 12-10
Oven RTD and TCD Connections P10,P100 12-11
Arcnet AC485 Twisted Pair Connections P11 12-12
Oven Heater Connections P12 12-13
GC Valves Connections P14 12-14
Solenoids 5 to 10 Connections P15 12-15
Solenoids 1 to 4 Connections P16. P17 12-16
Digital Inputs Connections P18 12-17
Cabinet Heater Connections P19 12-18
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Figure 12-1: AccuChrome Power Connections

PLGC-3 RELAYS CONNECTIONS %

RELAY 4

RELAY 2

= NOTE Il
SIMPLIFIED VERSION OF THE RELAY SCHEMATICS
FOR REFERENCE PURPOSE ONLY
NOTE 11!
- RELAYS K1 TO K& ARE SOCKETED [
Ky ke k3 K4 AND ARE FIELD REFLACABLE RELAYS RATHING
CONTACT FACTORY FOR DETAILS i AT
I MAX. SWITCHING POWER 2000vA, 150w
: 4 MAX. SWITCHING VOLTAGE  380VAC. 30V DC
T MAX. SWITCHING CURRENT  8A
= T
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Figure 12-2: Relays Wiring Diagram
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PLGC-3 ANALOG OUTPUTS (4-20mA) CONNECTIONS- LOOP POWERED MODE
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LED20 MUST BE OFF

LOOP CLOSED LOOP CLOSED

123 T2 3

SELF POWERED SELF POWERED

LEDS LED2
5 %

()% Loopclosen 3

J20

b
Rl O [FERSAR o=
0O (=2 © =

MAKE SURE THAT SELF POWERED MODE
IS DISABLED IN THE SOFTWARE

SEE USER MANUAL FOR MORE
LED2 LEDT
A

LoorcLoseo 2%

ol = [T Bt oo [T
O =l O =l
EE T 23
SELE POWERED SELE POwERED

AO-1

Z50R

RTUAO PWR +24V
RTU 4-20mA INPUT

LOOP POWERED

4-20mA ANALOGC OUTPUT

MAX_ LOOP POWER
MAX. LOOP RESISTANCE

NOTE 1l

COMPLIANCE VOLTAGE -

ONLY AO_1 IS SHOWN
TO CONFIGURE AD_2,A0_3 AND AO_4
FOLLOW SAME INSTRUCTIONS

RESOLUTION :
CALIBRATION

NOTE Il
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Figure 12-3: Analog Outputs — Loop Powered Mode
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PLGC-3 ANALOG OUTPUTS (4-20mA) CONNECTIONS- SELF POWERED MODE
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Figure 12-4: Analog Outputs — Self Powered Mode
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Figure 12-6: Isolated RS-232 Connections
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PLGC-3 ANALOG

INPUTS - RTD CONNECTIONS

<&

INPUT RANGE
0-2500mV
SOFTWARE
ADJUSTABLE
EXC1 SET TO 1000uA EXCITATION
Seicy 0-1000uA
. HE
RTD PT100 7::; o SOFTWARE
4-WIRE ADJUSTABLE
g SET T 1000ua | ExciTATION
Exe2 ([‘ % 0-1000uA
=sigz| (¥ EI [—]
N o] o=
~siez [ () o [ —1 SOFTWARE
GND. - ADJUSTABLE
s SET TO 1000uA EXCITATION
exes | D 0-1000ua
FOR RTD I i
SELECT GAIN el - EI —=] -
OF 8 IN THE GUI B b —]
euo | (T Vil
SOFTWARE
ADJUSTABLE @ FOR RTD MEASUREMENT
FR"GC‘:‘UC_::'% MAKE SURE THAT JUMPERS
IN BINARY STEPS ARE AS SHOWN ON THE DIAGRAM
NOTE 11
ONLY ALT IS SHOWN
TO CONFIGURE Al_2 AI_3 AND AL
FOLLOW SAME INSTRUCTIONS
PLGC-3 ANALOG INPUTS - PRESSURE TRANSDUCER CONNECTIONS
INPUT RANGE
0-2500mV
SOFTWARE
ADJUSTABLE
RED EXC1 /[- C SET 7O 3.5V EXCITATION
o o el T-22V
CREEN ZSiIcil 02 s
( [— ]
WHITE i, © D [—]
el [— 1 SOFTWARE
BLACK CND :P €3 ADJUSTABLE
o s SETTO 3.5% EXCITATION
+EXC Excz |\ 1-22v
ssic2 | (-2 D [—]
_sicz | (-< 0
Gl - [——1 SOFTWARE
- = onvo | ADIUSTABLE
o - EXCl :T [a] SET TO 3.5V El(‘:T:ZT\jGN
S (O [ E
[y ——— _sies | 1 = e
eno | 3
FOR PRESSURE TRANSDUCER il

SELECT GAIN
OF 64 IN THE GUI

SOFTWARE
ADJUSTABLE
PGIA GAIN
FROM 0-4096
IN BINARY STEPS

NOTE 111

ONLY ALT IS SHOWN
TO CONFIGURE AI_2,AI_3 AND AI_¢
FOLLOW SAME INSTRUCTIONS

FOR PRESSURE TRANSDUCER MEASUREMENT
MAKE SURE THAT JUMPERS
ARE A5 SHOWN ON THE DIAGRAM

Figure 12-8: Analog Inputs — Pressure Transducer Connections

Revision 6

113

2021/09/08



4

PLGC-3 ANALOG INPUTS - 4-20mA CONNECTIONS ‘%ﬁ
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Figure 12-9: Analog Inputs — 4-20- mA Connections
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Figure 12-10: Analog Inputs 4-20 mV TXR Connections
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PLGC-3 OVEN RTD AND TCD CONNECTIONS %
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Figure 12-11: Oven RTD and TCD Connections
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Figure 12-12: Arcnet AC485 Twisted Pair Connection
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PLGC-3 OVEN HEATER CONNECTION %
[eccccce 2 |
m=

AC OR DC

HEATER  [EIE Iy

HEATER POWER

AC OR DC
DEFENDING ON THE
SELECTED HEATER

5
B
— g k—
70C_0OxC24
S5_RELAY
BAYHILL
\:) PwM OVEN HEATER CONTROL 3 C_coNTROLs  LO) 1
70G_SSR
ﬁll[,;ﬂkTﬁf]Lf LOAD- 2 EARTH
= WARNING 111
GND
MAKE SURE TO MATCH SOLID STATE RELAY
TO THE SELECTED HEATER
CHOOSE RED SSR FOR DC IPN# 70C-0DC24]
CHOOSE BLACK SSR FOR AC [PN# 70C-0AC24A]
T =
Figure 12-13: Oven Heater Connection
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Figure 12-14: GC Valves Connections
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PLCC-3 DC SOLENOIDS 5-10 CONNECTIONS
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Figure 12-15: Solenoids 5 to 10 Connections
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3

PLGC-3 DIGITAL INPUTS CONNE[T[IONS
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Figure 12-18: Cabinet Heater Connection
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Section 13 Definitions and Formulas

13.1 Terms Commonly used in the Manual

This section provides the definition of a variety of terms that are used to describe the
operation of the chromatograph and the calculations that are performed by the system.

Baseline:

BTU:

Chromatogram:

Component:

Compressibility Factor:

Dry BTU:

Elution:

Normalization:

Peak:

Peak Area:

A baseline is that portion of a chromatogram where no
detectable sample components emerge from the column. It
appears as a flat line along the bottom of the chromatogram.

One “British Thermal Unit” is the quantity of heat that is
required to raise one pound of water one degree Fahrenheit
(° F) which is equivalent to 1.05506 x 10 -3 Megajoules.

A chromatogram is the permanent record of a single analysis
run. It can be stored on a PC using the user interface software
or recorded on a chart recorder. It displays the component
peaks during an analysis cycle.

Any one of several species that may appear in a sample. For
example natural gas may contain several components such
as Nitrogen, Methane, Carbon Dioxide, Ethane, Propane, n-
Butane, iso-Butane, n-Pentane, iso-Pentane, and C6+.

The ratio of the actual volume of a given mass of gas to the
volume calculated from the ideal gas law under given
temperature and pressure.

The heating value of a standard cubic foot of gas saturated
without water vapour.

The process of moving the separated sample components
through the stationary phase.

The process of multiplying the set of component
concentrations by a constant factor to make their sum (or the
sum of some related quantity) equal to 1. Normalization is
simply the re-expressing of component concentrations in
terms of percents.

The measurement made by the ACCUCHROME involves
injecting a fixed sample volume into a carrier stream, which
carries it to the detector. The detector monitors the sample
that is eluted (removed from the column) and produces an
increased output that is approximately triangular in shape
when a compound changes the thermal conductivity. This
output can be viewed on the user interface software or a chart
recorder and is referred to as a peak.

Peak area is the sum of the detector readings from the start
to the end of a peak minus the baseline. The peak area is
used to calculate response factors and concentrations.
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Response Factor: The correction factor used to convert peak area into
concentration.

Retention Time: The time that elapses between the start of an analysis and the
maximum height of a peak. Peak retention time is used to
identify individual components in an analysis.

Saturated BTU: The heating value of a standard cubic foot of gas saturated
with water vapour.

Specific Gravity: The ratio of the density of a substance to the density of air at
the same temperature.

Standard Cubic Foot: The quantity or volume of gas occupying a cubic foot of space
at 60° F and 14.696 PSIA.

Wobbe Index: The Wobbe Index is defined as the Gross Heating Value

divided by the square root of the Specific Gravity of the gas.
It is an indicator of the interchangeability between different
natural gas compositions.

13.2 Calibration Formulas and Analyzer Calculations

A factory calibration is used to establish the response factors for each component and to
determine the retention time for each compound. The results of this calibration are available
in the Configuration Report. Since the thermal conductivity of the various components is
different, a calibration gas containing all of the components expected in the sample is
required.

Formulas for calculating the response factor, as well as other parameters measured by the
ACCUCHROME, are as follows:

Response Factor
In calibration mode, the analyzer will measure the peak height (area) of several separations
of a calibration standard. An average response factor will be calculated as shown in Section

13.1.

The Response Factor is used to calculate the concentration of the components in a run using
equation 13-1.

Concn = RFn x Arean 13-1

Where: Concn = concentration of components n
RFn = response factor of components n
Arean = area of peak produced by components n
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Compressibility Factor (Z)
The Compressibility Factor is calculated by equation 13-2.
Z = 1 - (Pb x zpn=1 [ConCn x bn]) 13'2
Where: Z = Compressibility factor
Py, = Base pressure (psia)
Conc, = Normalized concentration of component n
b, = ‘Summation factors’, as defined in GPA Standard 2172-96
Heating Values

The Dry BTU, Connected Dry BTU, Saturated BTU and Corrected Saturated BTU are
calculated by equations 13-3 through 13-6.

Dry BTU

The energy content of the gas in BTU / cubic foot is calculated by equation 13-2.
Dry BTU / ft* = 2,21 [Conc, -BTU / ft3,] / 100 13-3

Where: Dry BTU / ft = Dry BTU content per cubic foot of sample gas
Concn = Normalized concentration of component

BTU/ft3, = BTU value of component n
P= Number of components in the analysis

Corrected Dry BTU

Corrected Dry BTU / ft® = (Dry BTU / ft3) /| Z 13-4
Saturated BTU

Sat BTU / ft* = Dry BTU / ft3 x 0.9826 13-5

Where: Sat BTU /ft® = Saturated BTU content per cubic foot of sample gas
Dry BTU /ft® = Dry BTU content per cubic foot of sample gas

Corrected Saturated BTU

Corrected Sat BTU / ft* = (Saturated BTU / ft3) / Z 13-6
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Specific Gravity (or Relative Density)

The Dry Specific Gravity and Saturated Specific Gravity of the gas are calculated using
equations 13-7 and 13-8:

Dry Specific Gravity
Dry SG = (ZPn=1 ConCn X SGn) / 100 13'7
Where: Dry SG = Dry Specific Gravity of the sample gas
Conc, = Normalized concentration of component n
SGi, = Specific Gravity value of component n
P = Number of components in the analysis
Saturated Specific Gravity
Sat SG = Dry SG*(1 — xw) + xw x 0.62202 13-8
Where: Sat SG = Saturated specific gravity of the sample gas
Dry SG = Dry Specific Gravity of the sample gas
Xw = molar fraction of water
Wobbe Index
The Wobbe Index and Saturated Wobbe Index is calculated using equations 13-9 and 13-10.:
Dry Wobbe Index
Dry Wobbe Index = (Corrected Dry BTU / ft3) / \(Dry SG) 13-9
Saturated Wobbe Index

Sat Wobbe Index = (Corrected Sat BTU / ft3) / V(Sat SG) 13-10
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Section 14

Typical Parameters of Natural Gas Components

14.1 GPA Parameters

Table 14-1: Parameters of Natural Gas Components (GPA)

GPA 2145-03
14.696 psia 60 F
Summation
Component Dry BTU Constant S.G. Factor
Nitrogen 0 0.96723 0.00442
Methane 1010 0.55392 0.0116
Carbon Dioxide 0 1.51960 0.0195
Ethane 1769.7 1.03820 0.0238
Propane 2516.2 1.52260 0.0349
iso-Butane 3252.0 2.00680 0.0444
n-Butane 3262.4 2.00680 0.0471
iso-Pentane 4000.9 2.49120 0.0572
n-Pentane 4008.7 2.49120 0.0603
Cet 5276.5 3.3132 0.09305
Hydrogen Sulphide 637.11 1.1769 0.0242
The BTU value of the C6+ peak should reflect the
composition of the sample.
Several standard compositions are shown.
C6 C7 Cc8 BTU S.G. Summation Factor
1.00000 0.00000 0.00000 4756.0 2.9755 0.0792
0.47466 0.35340 0.17194 5276.5 3.3132 0.09305
0.50000 0.50000 0.00000 5129.2 3.2177| 0.08725
0.50000 0.25000 0.25000 5315.8 3.3387] 0.093775
0.57143 0.28572 0.14285 5182.5 3.2522 0.089828

The Summation Factors are identical in the AGA and GPA Standards, and

are independent of the Base Pressure (14.696psia, 14.73psia).
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14.2 AGA Parameters

Table 14-2: Parameters of Natural Gas Components (AGA)

AGA 2145-00 AGA 2145-00
14.696 psia 60 F 14.73 psia 60 F
Component |Dry BTU Constant S.G. Component |Dry BTU Constant S.G.
Argon 0.00] 1.3793 Argon 0.00] 1.3825
Carbon Dioxide 0.00 1.5196 Carbon Dioxide 0.00 1.5231
Ethane 1769.70 1.0382 Ethane 1773.79 1.0406)
Hydrogen Hydrogen
Sulphide 637.13 1.1767| Sulphide 638.60 1.1794
Helium 0.00 0.1382 Helium 0.00 0.1385
Heptane 5502.60 3.4598 Heptane 5515.33 3.4678
Hexane 4756.00 2.9755 Hexane 4767.00 2.9824
Hydrogen 324.20 0.0696 Hydrogen 324.95 0.0698
Carbon Monoxide 320.50 0.9671 Carbon Monoxide 321.24 0.9693
i-Butane 3251.90 2.0068 i-Butane 3259.42 2.0114
i-Pentane 4000.90 2.4912 i-Pentane 4010.16 2.4970
Methane 1010.00 0.5539 Methane 1012.34 0.5552
n-Butane 3262.40 2.0068 n-Butane 3269.95 2.0114
neo-Pentane 3985.00 2.4912 neo-Pentane 3994.22 2.4970
Nitrogen 0.00] 0.9672 Nitrogen 0.00] 0.9695
n-Pentane 4008.70 2.4912 n-Pentane 4017.97 2.4970
Octane 6248.80 3.9441 Octane 6263.26 3.9532
Nonane 6996.20 4.4284 Nonane 7012.39 4.4386)
Decane 7742.90 4.9127 Decane 7760.81 4.9241
Ethylene 1600.40 0.9686 Ethylene 1604.10 0.9708
Propylene 2333.70 1.4529 Propylene 2339.10 1.4563
Propane 2516.20 1.5225 Propane 2522.02 1.5260
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Section 15

Information

Valco 6 and 10 Port Valve Technical

15.1

Valve Operation Instructions

Technical Note 605

Valco Instruments Co. Inc.

FLiohch 8 i

B e E
Models DV-12 and DV-22 Diaphragm Valves romts —cap
Installation [
Although valve mounting orientation doesn't affect performance, valves —  Boss
are usually installed verticaily or horizontally. The 3/4" boss at the
base of the valve fits our CR4 clamp ring, facilitating a surface mount. s ,N,_ET? HH]

[ @H&a | §—CR4

Use a 3-way (on/off) solenoid (VICI prod no: 31E1) to provide actua- i
tor air to the air inlet port on the side of the valve body. Actuating gas - 1
can be clean air or a pure gas. The 6 port and 4 port vaives require 50 Surface mg:a:?wi.th aCRa

psig for actuation; the 10 port valve needs 60 psig.

The air inlet fitting provided (prod no: ZAOR11) is for 1/16" OD tubing. This fitting can be replaced with
any fitting with 10-32 threads, such as a barbed fitting for 1/8° OD polymeric tubing (prod no: F-BF) or
a compression fitting for 1/8" metal tubing (prod no: EAOR21).

Plumb the valve using any 1/16" OD tubing, with the nuts and ferrules provided. (Refer to Technical
Note 503 for instructions on installing Valco zero dead volume fittings.) Make sure that the tube ends
are clean, square cut, and burr-free. The sample loap, if required, goes at ports 3 and 6 on a 6 port
valve, or 3 and 10 on a 10 port valve. Loops are available in volumes as small as 2 pl.

Operation SE
Inthe STANDBY mode (actuator alr OFF), springs =~ 190

force the upper and lower pistons together. The
plungers on the lower piston force the diaphragm
against the cap, making a seal between ports 1 &
2, ports 3 & 4, and ports 5 & 6. In this mode, flow

is permitted from port 2 to port 3, from 4 to 5, and . )
from6to 1. Figure 2: Diaphragm valve schematic

ACTUATING
PISTONS

In the ACTUATED mode, (actuator air ON), air pressure from the air inlet port forces the upper and
lower pistons apart. Plungers on the lower piston retract from the cap, permitting flow between ports 1
& 2, ports 3 & 4, and ports 5 & 6. At the same time, the upper piston is pushed up, forcing these
plungers against the cap and effecting a sea!l between ports 2 & 3, ports 4 & 5, and ports 6 & 1.

In most situations, the valve shauld be in the OFF position most of the time, meaning that the pilot
solenoid valve will be OFF most of the time. OFF is also the default position, to which the valve will
return in & power outage.
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Figure 3: Sample injection with a 6 port

AlIR OFF AIR ON
VENT/ SAMPLE VENT/ SAMPLE
WASTE WASTE
* * SAMPLE + SAMPLE
Loor Loop
RESTRICTCR, VENT/ VENT/
{for GC > wasTe P WasTe
CAARIER CARRIER
2 -+ 2
COLUMN COLUMN
1 ! — DETECTOR
3 DETECTOR
* COLZUMN * con.ému

CARFIER CARFI ER

Figure 4: Typical 10 port application:
loop sampling with precolumn backflushed to vent

AIR OFF AIR ON

SAMPLE SAMPLE
INTERNAL
SAMPLE SLOT
WASTE WASTE
* *
CARRIER CARRIER
-+ -+
COLUMN COLUMN

Figure 5: Sample injection with a 4 port

Note about 4 port internal sample injectors

The volume of the sample injected will vary in proportion to the sample inlet pressure; that is, as
sample pressure increases, the sample voiume will also increase. A 40 psi sample with a 0.5 pl valve
provides a 0.5 pl injection, but the same valve with a 500 psi sample may inject as much as 0.8 pl.
Therefore, the regulated inlet pressure of the sample and of the calibration standard should be equal.

Valco Instruments Co. Inc. Valco International

P. O. Box 55603 Untertannberg 7

Hauston, TX 77255 CH-6214 Schenkon

Sales toll-fres {800) FOR VICI Switzerland

Technical help (713} 688-9345 Phone (Int + 41 + 41) 925-6200
Fax (713) 688-8106 valco@vicl.com

Fax (Int + 41 + 41) 925-6201 vicl@vicl.com
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15.2 Valve Maintenance Instructions

Technical Note 606

Valco Instruments Co. Inc.

FERIR o 2=E)]

Maintenance Instructions
Models DV-12 and DV-22 Diaphragm Valves

CAUTION: Do not disassemble the valve unless system malfunction is definitely
isolated to the valve. Perform all other system checks first.

All .disassembly operations must be performed in a clean, well-lighted area. Flush all hazardous or
toxic materials from the valve before starting. Handle all internal parts with clean, dry hands in a dust

free invironment.

Disassembly

1. Disconnect all the plumbing from the valve, including the air supply
and exhaust line. Remove the valve from the system and place it 4

on a clean surface.

HEX HEAD SCREW

DIAPHRAGM

PLUNGERS

ALIGNMENT PINS

Figure 2:
Exploded view of VICI diaphgram valve

PLUNGER ENLARGED TO
SHOW COUNTERBORED END

ST

—— CAP

AR lNli.ET

BASE
Figure 1

2. With a 9/64” hex wrench, remove the hex head

screw from the center of the valve cap (refer to
Figure 2), and lift the cap from the two align-
ment pins. Set the cap aside, with the polished
side up so that it doesn't get scratched.

Do not unscrew the hex head
screw In the center of the base.
Service or replacement of the
o-rings or springs must be
performed at the factory.

. Use a fingernail or knife blade under the edge

of the diaphragm to carefully lift and work it off
the alignment pins.

. Note the plungers arranged in a ring on the

raised diaphragm support. (The number of
plungers varies depending on the valve type.)
Gently tap the edge of the valve body on the
work surface so that the plungers begin to slide
out. Rernove them completely and set them
aside.
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Reassembly
1. Set the valve on the table with the base down and the plunger holes up.

2. Examine the new plungers. Note that one end has a counterbore and the other end is flat.
(Figure 2) Place the plungers in the holes with the counterbored end up {toward the diaphragm).

3. Remove the new diaphram from its packaging, holding it carefully by the edges. Note that it is
slightly cupped, and that one side says “TOP". Slide it over the alignment pins with the “TOP” side
toward the cap, away from the plungers.

4. The cap can go on two ways. Install it over the align-
ment pins with port number 1 opposite the air inlet.
(Figure 3)

5. Reinstall the hex head screw in the center of the cap,
and use the 9/64” wrench to tighten It firmly.

Figure 3:
The valve is now ready to be reinstalled in your system. Cap orientation

Troubleshooting

About all that can go wrong in this procedure is for the diaphragm or a piston to get installed upside
down. If the diaphragm is installed incorrectly, flow will be reduced or eliminated entirely. If there is
cross-port leakage, suspect an improperly oriented piston.

Rav 12/98

Valco Instruments Co. Inc. Valco International

P. 0. Box 55603 Untertannberg 7

Houston, TX 77255 CH-6214 Schenkon

Sales toll-free (800} FORVICI Switzerland

Technlcal help (713) 688-9345 Phona {Int + 41 + 41) 925-6200

Fax (713) 688-8106 valco@vici.com Fax {Int + 41 + 41) 925-6201 vicI@vicl.com
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Section 16 ACCUCHROME Specifications
PERFORMANCE
éﬁ;ﬁ;nfy +£0.5%/F.S(Range=50),+1%/F.S(5<Range<50),+2%/F.S(Range <5%)

Accuracy: By Heating
Value

Repeatability:
Sensitivity:
Linearity:
Response time:

ENVIRONMENT
Ambient temperature
conditions:

Dimensions:
Weight:

UTILITIES
Power &
consumption:
Sample flow:

Air requirements:

Gas requirements:

COMMUNICATIONS
Communication:
Digital Inputs:
analog Inputs:
Analog Outputs:
Relays:

+/- 0.25 Btu/scf per 1000 Btu/scf
+/- 0.25 Btu/scf per 1000 Btu/scf
200 ppm

+/- 2% F.S.

4 - 5 minutes

-20Cto+60C (-4 Fto 140 F)

686 mm W x 838 mm H x 318 mm D (27" W x 33" H x 12.5" D)
Division 1: AC: 61kg (135 Ibs)
DC: 54.4kg (120 Ibs)

Division 2: 38.6 kg (85 Ibs)

24 VDC, 100 watts startup, 50 watts running
90 - 240 VAC, 50/60 Hz 100 watts startup, 50 watts running
100 cc/min, 1 barg (0.21 SCFH, 15 psig)

NA
Helium or Hydrogen Carrier Gas 5.5 - 6.9 barg, 20 cc/min (80 - 100 psig,
0.042 scfh)

Modbus RS232, Modbus RS485, Modbus TCP/IP

2 dry contact, 2 wet contact (12/24 VDC)

3 universal inputs, user programmable (RTD, 4-20 mA, transducer)
4 x 4-20 mA, user scalable, user selectable loop or self powered

4 x SPDT relays, 8 amp @250 VAC

APPROVALS & CERTIFICATIONS

CSA (C, CUS) Class 1 Division 1, Groups BCD
CSA (C, CUS) Class 1 Division 2, Groups BCD
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Index

1 D

12-Minute Cycle Time Systems, 9 Default Names, 27
Definitions, 119

4 Digital Inputs, 71
4-Minute Analysis Cycle, 10 Display, 6, 21

A E

: ; Edit Chromatogram Dialog Box, 38

Action List, 63 Editing a Configuration, 55
Actions, 39 Electrical Requirements, 15
Add Action, 63 ecirical Requirements,

Electronics Enclosure, 5
Environmental Requirements, 12
Ethane/Propane Split, 87

AGA Parameters, 124

Alarms Tab, 25

Allowable Response Factor Deviation, 60
Analysis Results Tab, 24, 46

X F
Analyzer Design, 2
Application Software, 21 First Back Color, 45
Averaged Values, 27 Formulas, 119
B G
Base Pressure, 58 GC Status Tab, 26
Baseline Issues, 102 GPA Parameters, 123
GUI, 21
C
C6+ Back Flush, 87 I
Calibration Gas I/O Board, 5
Role, 83 I/O Status Tab, 27
Calibration Gas Concentration, 59 Info Sub-tab, 28
Check Out Procedure, 94 Injection Valves, 3
Checking the Column Oven, 99 Installation, 12
Chromatogram, 108 Installation Steps, 16
Chromatogram Tab, 24, 37 Instrumental Issues, 104
Chromatograph Display, 21 Integration Method, 60
Cleaning the PLGC3, 95 Interfacing the Chromatograph to the
Column Oven Computer, 19
Checking, 99 Interlaced, 45
Columns, 3 Intrinsic Safety Barrier, 7
Component Table, 59
Compressibility Factor, 121 K
Configuring the GC, 53 Keypad, 23

Connect to Default Connection, 33
Connect to Front Panel, 33
Contract Start Hour, 75 L
Controller Board, 5

Create New Connection, 31 Legend Outside, 45

Keypad Controller, 23
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Main Screen — Read Only Mode, 34
Maintaining Flow Control, 96
Maintenance, 94

Marker Point, 45

micro-packed columns, 3

Modbus Tab, 88

N

NEMS C9 Module, 99
Network sub-panel, 19
Network Sub-tab, 29

o)

Open Existing Connection, 32
Oven, 3
Overview, 1

P

Physical Properties of the Calibration Gas,
62

Plot Commands, 43

Powering Up, 31

Q
Quick Access Toolbar, 35

R

Receiving the System, 12
Reference Gas

Role, 83
Relative Density, 122
Remedial Activities, 86
Replacing Internal Components, 96
Replacing the Column, 98
Replacing the Helium Cylinder, 95
Replacing the Valve, 97
Reports Tab, 50
Response Factor, 59, See
Retention Time, 59
Retention Time Window, 59
Ribbon, 35
Ribbon (GPA Method), 56
Ribbon Bar, 38
Run Type, 67

S

Safety Guidelines, 11
Safety Symbols, 10

Sample Conditioning, 15
Sample Flow Rate, 15
Sample Volume, 15
Sampling Considerations, 15
Sampling Point Location, 15
Savitsky Golay Window, 61
Select Mode Dialog Box, 33
Set Gain, 64

Show Border, 45

Skimming Parameters, 60
Space Requirements, 12
Spare Parts, 99

Specific Gravity, 122
Specifications, 129

SSO, 64

Stream Sequencer, 69
Streams Setup, 65
Switching Valves, 3

System Operating Parameters, 36
System Tab, 28

T

Tabbed Pages, 37

Temperature, 12

Theory of Gas Chromatography, 105
Thermal Conductivity Detector, 4
Tools Sub-tab, 30

Troubleshooting, 101

U

Unpacking, 16
User Interaction Scheme, 21

\"

Validation, 82

Valve Action, 64

Valve Maintenance Instructions, 127
Valve Operation Instructions, 125

w

Wiring Book, 109
with Log in Navigation Dialog Box, 31
Write to Analyzer, 56, 58
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