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USE OF THE INLINE GAS CHROMATOGRAPH
FOR GAS SALES FROM AN OFFSHORE PLATFORM

1.0 Introduction
This paper is intended to give an overview of our limited
experience ·1n the operation and maintenance of in1ine gas
chromatographs in the Statfjord Field.
While in1ine gas chromatographs are not new devices, they are
however new in the offshore oil and gas industry, and like other
new devices in this industry it takes time before they become
true1y accepted. I therefore intend as part of this paper to
outline how far we have come in having these devices accepted, and
to describe the lessons that we have learned which could benefit
others considering the installation of similar devices. As my own
experience is specificly operational, I do not intent to address
problems from an engineering view point.
Before proceeding with our experiences I would first like to
describe the systems which we currently have on our offshore
platforms.

2.0 Background
Installed on each of the Statfjord platforms there are individual
meter stations for measuring the quantity of gas produced by each
platform. In addition there is a further meter station installed
on "8" p1atfonn for measuring the quantity of gas being exported
to the UK. All of these meter stations are of orifice plate design
and are supplied by Daniel Industries.
During the design of our gas meter stations it was decided that an
in1ine gas chromatographs should be installed on each meter run to
provide real time analysis of export gas. The reason for this
decision was fourfold, namely:

to furnish data which could be used for calculating the
volume and energy of exported gas (i.e. calculate the heating
value in MJ and the relative density)
to ensure that gas quality specifications were met (i.e.
Nitrogen and CO2 content)
to provide the pipeline operator (Statpipe) with input for
their leak detection system and pipeline optimisation model
to provide a means for allocation accounting after a period
of testing
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Carry out all the necessary switching actions.
Output data to the Metering Station Master Computer as
required.

3.0 System Requirements

In order to meet the above requirements it was decided to install
a fully automatic system which could meet the following
parameters:

Remove a representative sample of the gas from the sales
line, prepare the sample and inject a measured amount of
sample into the GC Columns.
Separate the sample into desired component parts for
analysis.
Identify the components.
Measure and calculate the physical values of the components.
Examine the physical values for validity by
a) Comparing them with preset high/low values.
b) Totaling and normalizing them.
Examine the correct functioning of the analyzer
Calibrate at a predetermined frequency.
Produce an Analysis Report every analysis cycle.
Produce a System Status Report daily.
Produce a Sensor Status Report every time a change of status
is detected.

4.0 System Description

In order to perform these functions and to meet our design and
operations criteria stated above our system was installed with the
following hardware configuration.

4.1 Gas Chromatograph (Bendix 022)
Each of the Bendix gas chromatographs are divided into three
compartments, i.e. electronic housing, uninsulated control
housing and the insulated oven housing.
The electrunic housing contains the data converter, the
bridge amplifier, the oven controls, the solenoid controls
and the electrical terminations.
The uninsulated control housing contains the column pressure
gauge and regulator.
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The oven housing is an insulated, air tight enclosure which
provides a temperature control environment for the switching
values, flow adjusting values, columns and thermal
conductivity detector. The heater is a 1000 watt heater with a
cylindrical heater barrel which extends into the oven.
The oven contains three columns for separating the components
to be analyzed. Each column is made of 1/8" 55 tubing with
internal packing conforming to the following specifications:

Column 1 which analyses the C6 plus components lump is a
2 ft. column filled with OPN/Porasil "C" 80/100.
Column 2 which analyses IC4, NC4, IC5 and NC5 is a 20
ft. column filled with DC200 20% chromosorb 60/80.
Column 3 which analyses N2, C1, C02, C2 and C3 is a 10
ft. column filled with Poropak "T" 50/80.

By use of these three columns a cycle time of 15 minutes
between each analysis can be achieved.
The inert carrier gas used is high purity Helium and the
calibration gas for the chromatograph complies with the
analysis shown in Table I, which is near our export gas
composition.

4.2 Analyzer Control (Bendix Model 500 - 2)
The analyzer control system is run by a Data General MP-lOO
Micro Computer composed of a CPU board, a 32 K memory board,
power supply, battery pack and battery backup power supply.
In addition it has a disc subassembly, a Perkin Elmer model
550 VDU, a keyboard, and a Texas Instrument Omni 800/model
840 teleprinter terminal.
The computer insures that the sample is introduced into the
proper columns, controls column switching, and monitors the
output of the detector system. It then converts the raw data
from the detector system into the gas analysis and checks to
see that the individual components are within certain pre-set
limits. The limits used by our system are shown in Table II.
These are based on our experience with our gas analysis
variation.
The computer also calculates the Relative Density and Heating
Value for the analysed gas. These values are then transmitted
along with the analysis through an RS 232 C output port to
the station Master Computer. These values are used for flow
and energy calculation until new upda~ed values are
available. The computer also controls the calibration of the
gas chromatograph using the calibration gas.
This computer system requires a minimum of operator input
The Control Room Operator chooses the automatic calibration
frequency and number of consecutive cycles for each
calibration. The frequency can be in hours or days. If days
are chosen, the calibration will be done at 08.00 hrs. each
day.
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The pressure reduction for the gas is performed in
two stages. Stage one reduces the pressure from the
operating line pressure (approx. 170 barg) to
70 barge The second stage reduces the sample from
70 barg to approx. 7 barge

When a new standard gas is connected to the system, the
operator must enter the new concentrations of each individual
component into the computer system using a set procedure. The
computer will then use these values in the automatic
calibrations of the gas chromatograph.

4.3 Pressure and Purge System (Expo Safety Systems Ltd.)
This system purges and pressurizes the data converter and the
electronic unit. The initial action on start-up is to purge
the enclosure by pressurising to a higher pressure than
normal. This high pressure is maintained for a preset time,
after which the pressure is lowered to the normal operating
pressure and then electrical power is allowed to be supplied
to the chromatograph.

4.4 Sampling System
4.4.1 General

4.4.2

The sample systems used for conditioning the gas
sample supply from the pipe to the Bendix Gas
Chromatographs on the Statpipe and UK gas offtake
metering systems are essentially identical.
The sample systems are configured in 3 distinct
parts:
a. Cosasco probe sample take off.
b. High pressure sample conditioning system.
c. Low pressure sample conditioning system.
Cosasco Probe
The Cosaseo probes on all skids are located on the
gas export metering system inlet headers. The
probes are fitted into a 2 inch Weldolet flange
located in a common flow point of the inlet
headers.

4.4.3 High Pressure Sample System
The high pressure sample conditioning system is
located adjacent to the Cosasco probe as shown in
Sketch I. The tube run between the probe and HP
system is 1/4 inch 00 thick wall tubing. The total
length of the tubing between the Cosasco probe and
the HP cabinet is in all installations less than 2
meters.
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The sample system enclosure is heated to maintain
the enclosure temperature above 25 degrees celcius
to prevent liquid condensation, and all pipework is
heat traced and insulated to prevent the cooling of
the gas which would result in liquid dropout
causing bad analysis. Particular attention has been
placed with regard to heat tracing the "Tescomll
pressure regulators. These pressure regulation
stages have been duplicated to allow maintenance
and replacement of a faulty regulator without loss
of sample to the HP skid outlet.

4.4.4 Low Pressure Sample System
The low pressure sample system is located
immediately outside the chromatograph housing. The
layout of the LP skid is shown in Sketch II. It is
connected to the HP sample system by a sloping run
of 1/4 inch thick wall stainless steel tubing.
The low pressure sample systems are identical on
the Statpipe skids. The UK offtake low pressure
sample system is slightly different in that it is
equipped with sampling conditioning equipment to
provide a sample for the Relative Density Analyzers
on the meter skid.
The low pressure sample system is constructed in
much the same way as the HP sample system. A space
heater maintains the enclosure temperature above 25
degrees celcius. The sample response time is kept
to a minimum by using a fast bleed to vent via a
variable area flowmeter. The typical response time
from the Cosasco probe to the Bendix chromatograph
is approx. 3 minutes. (This could be improved to
approx. 30 seconds). To find the best response time
for our installation, we have experimented with
this response time and have found that the various
pressure regulators give a more stable performance
at the response time of 3 minutes selected. This
performance is most apparent during start-up where
it is possible to contaminate and freeze up the
regulators with liquid dropout particularly after a
shutdown when the gas is below the cricondenbar and
is allowed to cool.
The gas sample is further reduced to 3 barg before
it is supplied to the gas chromatograph itself. The
Bendix chromatograph calibration gas is piped to
the LP sample system and is automatically supplied
on a periodic basis via a 3 way pneumatically
actuated valve. This valve is controlled by the
Bendix controller using a solenoid valve.
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Care must be taken to ensure that no foreign material, dirt,
scale, free liquids etc. gets into the GC. I suggest that a
small inline filter be installed to remove these impurities.
Care again should be exercised to ensure that no liquids are
formed due to pressure drop in these filters.

5.3 Conditioning System
The sample conditioning system should be designed such that
it has adequate rotometers to ensure proper flows and
sufficient valving to allow proper maintenance of the system.

5.0 Experiences during Design and Installation

In my opinion the failure or sucess of a GC System is decided
during the design and installation stages. In selection of the
system we sometimes simply buy the most expensive GC on the
market, and then do not install it properly or design a good and
maintainable sample system, and expect it to function perfectly in
an offshore environment. This is a common misconception and one
which can result in disillusionment and mistrust of offshore GC
systems or even failure of the system to perform at all.
This section therefore endeavours to highlight from our experience
those areas where attention should be paid during the design and
installation of such systems.
5.1 Positioning of Sample Probe

The sample point must have a proper sample probe to ensure
that gas is sampled from the center 1/3 of the pipe. Probes
should also be located such that gas is well mixed but not
too turbulent. The probe location should be about 8 - 12 pipe
diameters downstream of the last restriction or elbow. Also
be sure that you specify" a probe type that can be withdrawn
under pressure.
In our system the probe was designed to take a large pressure
drop and use flowing gas to keep the gas warm. Since we did
not continuously flow through each meter run, the device was
sometimes left with stagnant gas which resulted in freezing
problems. Our solution was to build both the HP and lP
sampling systems.

5.2 Sample lines
The sample line from the probe in the gas flow line to the
sample conditioning system should be as short as possible.
Care must be taken to ensure the gas in this line does not
reach conditions where liquids can form, or if liquid do
form, where they can be trapped.
In a fast loop system the velocity through the probe and
system must be high enough to ensure that the gas in the fast
loop is representative of the gas in the main line at the
point where the sample is taken.
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Check on where you can locally obtain calibration gast you
can use a lot. When specifying this gas it should be as near
as possible to the gas to be analyzed. In addition a minimum
pressure should be determined for each bottle above which the
analysis is valid. long storage of these gases can be a
problem through stratification.

The entire sample system should be inside some type of
building which is near the sample probe, and the building
should be large enough to allow the technician to perform
work on the system within the enclosure.

5.4 Vent System
Be sure that the gas vented from the GC sample system is
properly installed so as not to create a safety problem or
cause operations problems by its location.

5.5 Vendor Interface
Be sure testing is done on the GC system at the vendor's
factory a sample of the actual calibration gas to be used,
prior to shipment.
Involve someone in your own organization in the programming
of the computer so that if you want to make some changes
later you don't always have to go back to the vendor. Only in
this way can you control your own destiny.
Be sure the standards for calculating values meet with
approved standards for· allocation. By this I mean don't use
GPA standards or ASTM standards where ISO is required.
Be sure reports generated by GC meet operations and
accounting needs. It is best to have report layouts approved
by Operations before the programming begins.
Be sure that the system has a proper security system so that
the data is adequately protected. This is requirement of all
governmental bodies.
Be sure that the vendor furnishes complete documentation.
This must include flow charts for all computer programs and
back-up disks.

5.6 Spare Parts
Be sure to get plenty of spare parts especially detectors and
columns. The columns can be poisoned by impurities in the gas
and the detectors can be ruined easily during start-up. The
spare columns should be capped and kept in the GC oven so
they will be ready when needed.

5.7 General Tips
Use Helium as carrier gas not Hydrogen because of the danger
of fire. This is very important on enclosed offshore
installations.
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Check on the impurities in the gas. Some impurities can
poison the GC columns or cause other problems.
Be sure and pick a reasonable analysis time. Too fast a time
can increase maintenance cost while too slow could lose
accuracy.

A thermal conductivity detector does not detect low
concentrations of H2S. If you want to do this it will
probably require a flame ionization detector which will
increase the cost.

6.0 Experiences During Operation and Maintenance

Our operation and maintenance experience is to say the least
somewhat limited, since it is only in recent months that all of
our system have been finally commissioned. None the less there are
a number of factors which we consider to be important, and would
draw to your attention.
6.1 Education of Personnel

Probably the one most important factor effecting the
operability and maintenance of the GC system is the quality
and experience of staff dedicated to these tasks. It is
therefore vital (especially in the early months of the
systems operation) that good communications exist between
personnel on each shift, to enable experiences and problems
to be shared. This level of communication is hard enough to
achieve at the best of times without the extra complications
of offshore shift work, where one works two weeks offshore
and then has three weeks free.
We would therefore recommend that as much training and
experience gathering is carried out at the beginning of the
project thus consolidating the learning period and preventing
the generation of doubts regarding the reliability of the
system. When people have a clear understanding of the
operation of a system they tend to believe in its success and
work harder towards that goal.

6.2 Pressure and Temperature Instability
During the first 6 months of operation the most frequent
problem encountered was one of pressure and temperature
instability of the chromatograph columns. This problem was
due primarily to sever environmental conditions (around the
sampling system and GC cabinet) which resulted in the need to
regularly reset the response factors and gating timing after
adjustment of the pressure regulators inside the
chromatographs. This problem was eventually cured by a
redesign of the temperature control system and the use of
heat tracing and cabinet heaters. Since that time very little
adjustment has been necessary.
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logistics, transport and handling problems.
high cost of maintaining/replacing sample cylinders
statutory requirements regarding the six monthly
maintenance and annual recertification of sample cylinders.

A breakdown of some of the costs (which we believe to be
conservative) associated with the above are presented in
Table III.

6.3 Back Pressure Problems
During the early period of operation we experienced back
pressure problems on the vent system. This problem- was caused
by high winds and was cured by a redesign of the system.

6.4 Daily Maintenance
Many times we blame a system's failure on its design whenpossibly we have not given it the proper daily care required
to keep it operating properly. A GC system is a device which
needs TLC (Tender Loving Care). This does not mean that the
system needs to have someone working on it continually, but
it does mean that daily checks need to be made by a competent
person. Some of these checks needed are adequate carrier gas,
standard sample pressure, sample system cleanness, and other
items. By doing this on a daily basis the system will run
smoothly and will keeps its high degree of accuracy. It is
recommended that a check list be developed for ensuring that
proper checks are made.

6.5 Care during Downtime
If the gas is below its cricondenbar in the sample
conditioning system when the system is shut down, it is very
important that proper precautions are taken to safeguard
against liquid buildup. This is especially important when the
system is down for prolonged periods of time such as yearly
shutdowns.

7.0 Proving the Inline GC for Allocation Accounting

As was mentioned earlier, one of the reasons for installing the
gas chromatograph offshore was to provide a means for allocation
accounting. While this concept is by no means new, it has not
received general acceptance in the offshore industry. A
conversion to the use of gas chromatograph for allocation
accounting would of course mean a change from the existing
accepted use of flow proportional or spot gas samples for
allocation purposes.
This change we have tried to justify on both economic and
commercial grounds.
Our economic justification is based principly on problems with
sample cylinders for the existing flow proportional sample
systems, namely:
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Stage I
This first stage is intended to prove the
mechanical reliability of the entire system and
will last approximately six months. During this
period daily records will be kept on reliability~
downtime, mechanical problems, and computer
problems. A report on these matters will be sent to
all interested parties every two months. At the end
of this period the results will be evaluated and
should show that the inline Gas Chromatograph is
mechanically sound and operates reliably. In this
first stage no extra manpower requirements are
envisioned above those presently used for keeping
the system running.

In addition to basic economic considerations, the use of inline
gas chromatograph would enable us (via our offshore data
transmission system) to meet contract deadlines for volume and
allocation data transmissions without the need for analysing
sample at an onshore laboratory.
7.1 Approach

Before our inline gas chromatograph can be accepted for
allocation accounting~ they must however be approved by all
unit owners (i.e. all partners). As none of the Statfjord
partners or for that matter other operators in the Norwegian
sector, use inline gas chromatographs for allocation
purposes, we have been breaking virgin ground. We have
therefore developed a test procedure in discussion with all
interested parties that comprises three distinctly separate
stages, namely:

collect maintenance and reliability data about the
inline GC.
prove the capabilities/accuracy of the inline GC.
test inline GC against flow proportional system.

The purpose of this three stage approach is to enable the
program to be halted at any time should any of the three
stages fail to meet agreed acceptance criteria.
7.1.1

7.1.2
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Stage II
In this stage we intend to prove the inline Gas
Chromatograph against a certified onshore GC system
at an approved laboratory. This will be done by
preparing two certified gas samples. These samples
will be numbered and sent onshore for analysis on
an approved Gas Chromatograph. Thereafter the
samples will be returned offshore for analysis by
the inline Gas Chromatograph.



The analysis will be run on each GC until two
analysis are within the following repeatability
limits from ASTM 1945. (This standard which was
chosen as the new ISO standard was not approved
when field procedures for sampling were approved.)

Component, Mol % Repeatability
0.01 to 1.0 0.03
1.0 to 5.0 0.05
5.0 to 25.0 0.15
Over 25.0 0.30
C6 and heavier fraction 5% of amount
The analysis from both the offshore and onshore
tests will be compared, to establish if they are
within the reproducibility limits given below.
Component, Mol % Reproducibility
0.01 to 1.0
1.0 to 5.0
5.0 to 25.0
Over 25.0
C6 and heavier fraction

0.06
0.10
0.20
0.60
10% of amount

Each of the inline gas chromatographs will have
this comparison analysis carried out on at least
two occasions separated by a period of two months.
On completion of this portion of the test we hope
to have proven the GC portion of the system.

7.1.3 Stage III
The intention of the final stage will be to prove
the entire GC system, (including the sample
preparation system), and will be possibly the most
difficult stage. In this stage we will compare the
results of the inline GC with the analysis from the
existing flow proportional sampler for the same
period. This comparison will be done by the
following method which will be preformed by our
offshore computer system:

The Mol % calculated by the Inline Gas
Chromatograph Computer will be converted to Wt
% for each component.
The computer wiil calculate the tonnes of gas
(MF) measured from the time the sample is
taken into the GC until the next sample is
taken into the Gt.

GG802.931 12



The uBH calculation will be done for each
component after each analysis is
completed.
The MF will be the tonnes determined in
item 2 above.

The following algorithm will be used to
calculate the average wt% for each component
analysis:
a) Wt{x) = 0 for x = 1 to 10
b) Wt(x) = Wt(x)+(MF * WtP(x) )

100.0
Wt(x) for each component will be zeroed
at the end of each period (i.e. two
weeks)

WtP(x) is the Wt % of component x as
determined for the latest analysis.

c) At the end of the period the Wt % for
each component will be determined in the
following manner:
Wt(x) - This is total tonnes for each
component delivered for the period as
determined by last value in b) above.
tWt = Total tonnes of gas delivered

during period or
MF for the entire period

Wt(x) % = Wt(x) x 100
tWt

This Wt(x) % is then the weighted wt %
for each component x.
This Wt(x) % will then be normalized as
required and will be the value for each
component needed for allocation. After
this value is stored the component Wt(x)
for each component will be zeroed and the
process begun again.
The Wt % determined in this manner will
be compared to the Wt % determined from
the analysis of the composite sample
analyzed at the onshore laboratory.

The allowable deviation that can be tolerated
between these two analysis has not been found in
any published standards. Because of this we propose
to gather statistical data during a 6 month period.
At the end of this period we will use this data to
evaluate the acceptance of the deviation by
comparison within agreed limits which will be
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Weekly Checks
Each Monday (or more often if required), a spot
sample would be taken and analyzed in the offshore
Lab. and compared to the in1ine GC results. If
these results are over the agreed limits used for
acceptance in Stage III the back up procedure for
spot sampling in Section 3,1,3 of "Samp1ing and
Analysis Procedures for Gas Sales from the
Statfjord Unit"· will be followed. This procedure
shall be continued as long as the GC is unavailable
or giving bad results. If this period persists for
a long time the proportional sampler will be put
back into service to avoid taking a large number of
spot samples.
Six Monthly Checks
In addition, for a period of two years after the GC
is approved, or longer if required, the proportional
sampler will be used for two weeks every six months
and these results compared in the same manner as
the results from the inline GC. These results must
be within the limits agreed to in Stage III. If the
GC should fail to remain within these limits during
those tests and no reasonable explanation can be
found, the proportional sampler would continue to
be used until the error is corrected.

agreed prior to Stage III (if none has been found
in the literature by start of this stage). At the
end of this final test period we hope to have
proved that the inline GC can be used for
allocation within the Statfjord Unit.

7.2 Additional Operational Checks once inline GC is approved
We have developed a Maintenance and an Operations Manual for
the inline GC. Both of these manuals will be used during the
test and after approval. In order to ensure the continued
proper operations of the system after the test the following
procedure will also be followed.

If you are considering the use of offshore in1ine gas
chromatographs for allocation accounting pay very close attention
to the design and installation of your sampling system.
Of equal importance is the quality and experiences of the staff
you will use to operate and maintain the systems.
If both of the above are properly addressed you will stand a good
chance of having a reliable system which could be used for
allocation accounting.

7.2.1

7.2.2

8.0 Conclusion
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Attachments

GG802.931 15



Nitrogen
Carbon Dioxide
Methane
Ethane
Propane
Iso Butane
Normal Butane
Iso Pentane
Normal Pentane
Normal Hexane

Mol%
0.5
0.5

79.0
10.0
6.0
0.5
2.0
0.5
0.5
0.5

TABLE I
CALIBRATION GAS MIX. FOR STATFJORD CHRO~~TOGRAPHS

Total 100.0

Methane within 2.0% of 79.0%.
Remainder within 5.0% of stated figure.
Gas contains no impurities.
Cylinder volume - 10 litres.
The above analysis is certified by an approved third party·laboratory.

GGB02.931 16



Cost of transportation of cylinders from
platform to KArst0 and return 228,000 NOK/yr

TABLE III

COST OF GAS SAMPLING BY CYLINDERS

Cost of 6 month and yearly inspection of
cylinders 300,000 NOK/yr

Cost of running analysis 240,000 NOK/yr

Cylinder replacement 8 cylinders/yr
(Based on past experience) 280,000 NOK/yr

Total 1,048,000 NOK/yr
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TABLE II

CHROMATOGRAPH ANALYSIS LIMITS

Mol % Mol %
Com(!onent Low Limit U(!~er Limit
C1 72.00 77.00
C2 10.50 13.00
C3 7.00 9.50
IC4 0.60 1.10
NC4 1.75 2.75
IC5 0.25 0.65
NC5 0.25 0.65
C6+ 0.20 0.70
CO2 0.30 0.80
N2 0.30 0.80
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