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1 INTRODUCTION

What is the best way to maintain a GC? Should we ensure that we have the best calibration

gas? Should we measure  calibration gas as unknown and compare the GC result against
calibration gas certificate? Should we be worried about the non -linear effect of the
detector, should we compare spot sample result against GC result?

Various different operators have different m aintenance regime to ensure that the ir GCis
maintained in the best way. As there are many ways of maintaining the GC, different
operators perform their maintenance to comply with certain regulations or agreement.

However, many times the type of maintenanc e adopted by operators may not be the one
best suited for their p  ipeline conditions. V  ery often operators barking up the wrong tree
trying to comply with certain regulations while completely overlook ing the issue in hand

which results in  significant errors  without operators even knowing or noticing that

As an example, calibration gas is specified to be of highest accuracy with less than 1%
uncertainty on each component. And operators have that. Surprisingly, quite often during

the process of changing calib  ration gas, the new composition value is not updated in the

GC. In one of the case study such error reached monetary value of more than £400,000
/month.

There are few other examples that will be shown throughout this paper. In many
occasion s, the fact that an operator wants to be in compliance with a certain method
causes them to completely miss a bigg er issue in their hand s, and as a result their quest
for higher accuracy will lead them to the wrong direction.

The aim of the paper is to firstly showthat currently there exist no single method that can
handle all possible issues with the GC, and secondly, how a ny chosen method when not
combined with  the other method can cause operators to overlook unpremeditatedly
important things that may have big impact on the GC measurement ac  curacy.

The issues are that may bring bigger impact on the GC if the other issues are overlooked
are currently known as follows

Calibration gas quality
GC Calibration results
GC non -linearity

GC reproducibility
Sample let down system
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This paper also offers  a solution in a form of conditional based monitoring software tool
for GC that takes into consideration all th ose methods within one program.

2 ARE WE BARKING UP THE WRONG TREE?

Selecting a certain maintenance method while overlooking some other methods can ca use

operators to , non -technically speaking,  bark up the wrong tree. The following are
possibilities of those wrong trees  and recommendation on how to fix them

21 Calibration  Gas Quality

a few

2015/2016 has been a tough year for oil and gas industry. Most operators are looking to

cut cost in all possible avenue s. One of the cost saving avenue is by ordering calibration

gas of lower quality . From buyer point of view, this might be a good way to cut cost,
however , from the measurement poin t of view the impact can be quite significant.

The following is an example of the impact of calibration gas quality interms of CV. Table
1 shows calib ration gas composition with low composition uncertainty.

Component Mole . Absalut_e Relative_

percentage uncertainty uncertainty

Methane 84994 = 0.03 0.0352966

Nitrogen 5522 = 0.018 0.3259689

Carbon dioxide 1995 + 0.005 0.2506266

Ethane 4283 = 0.012 0.2801774

Propane 1.803| = 0.006 0.3327787

i-Butane 0.2496 | + 0.0008 0.3205128

n-Butane 03474 = 0.0013 0.3742084

Neopentane 0.1 ¢ 0.001 1

i-Pentane 0.3006| = 0.002 0.665336

n-Pentane 0.1995| + 0.0011 0.5513784

Hexane 0.1007 | = 0.0021 2.0854022

Heptane 0.1008 | + 0.0027 2.6785714

Total 99.995600 [N

Table 1. Calibration gas with low composition uncertainty

On GC measure ment, each individual component impacts measurement of other
components as the result will be normalis ed. Therefore error in one component

measurement  will impact all components . The low uncertainty of calibration gas means

low CV uncertainty. The impact of the above calibration gas uncertainty on the CV
calculation uncertainty is shown in Table 2. Itist o be noted that the value shown
ignores the 0.1% additional uncertainty from the calculation standard.

herein
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MNormalised
Component  mole U(cal gas) gg:l ;chS] 31::::;?"@
fraction P
Methane I 0.849940 0.017648 | ) —0019? ______ 000[!'345 7
Nitrogen 0.055220 0.162984 | -0.0554 0.009030
R 0019950 | 0125313 | -0.0199 | 0.002494
dioxide | |
Ethane 0.042830 0.140089 | 0.0307 0.004300
Propane 0.018030 0.166380 | 0.0260 0.004330
i-Butane 0.002496 0.160256 0.0054 0.000864
n-Butane 0.003474 0187104 | 0.0075 0.001411
Meopentane 0.001000 0.500000 0.0029 0.001436
i-Pentane 0.003006 0.332668 | 0.0087 0.002889
n-Pentane 0.001995 0.275689 0.0058 0.001595
Hexane 0.001007 1.042701 | 0.0037 0.003808
Heptane 0.001008 1.3392286 0.0044 0.005881
Combined standard uncertainty 0.013780
Coverage factor (k) 2
Combined expanded uncertainty 0.027561
CV absolute uncertainty (MJ/m?) 0.010660

Table 2. CV uncertainty of gas with low composition uncertainty

From Table 2, itis demonstrated that the impact of uncertainty on CV is quite minimum.

On the contrary, when calibration gas selected is of a lower quality, for example with
compositional uncertainty of +2%, then the impact on CV uncertainty can be come quite
significant . Table 3 shows the same gas as above, only it has 2% measurement
uncertainty.

Component Mole . Absolutle Relative_
percentage uncertainty uncertainty

Methane 24995481 | = ‘ 0.3 0.3529599
Nitrogen 5521183 | = 0.11042366 2
Carbon dioxide 1.996865 | + 0.0399373 2
Ethane 4.283801| = 0.08567602 2
Propane 1.803683 | = 0.03607366 2
i-Butane 0.249655 | = 0.00459931 2
n-Butane 0.347397 | + 0.00694794 2
Necpentane 0.100055 | = 0.0020017 2
i-Pentane 0.300574 | + 0.00601148 2
n-Pentane 0.199614 | = 0.00399228 2
Hexane 020169 | + 0.0040338 2
Total 90.900002 [

Table 3. Calibration gas with high composition uncertainty
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The impact of the high composition uncertainty in CV can become quite significant. Table
4 shows the impact on CV uncertainty.

Normalised 5(cal gas) Standard
Component mole U(cal gas) S{repro) unceriainty
fraction
Methane I 0.849955 0.176480 -0.01% 0.003377
Nitrogen 0.055212 1.000000 -0.0554 0.055392
— 0019969 | 1000000 | -0.0199 | 0.019919
dioxide
Ethane 0.042838 1.000000 0.0308 0.030755
Propane 0.018037 1.000000 0.0261 0.026063
i-Butane 0.002497 1.000000 0.0054 0.005397
n-Butane 0.003474 1.000000 0.0075 0.007548
Neopentane 0.001001 1.000000 0.0029 0.002876
1-Pentane 0.0030086 1.000000 0.0087 0.008692
n-Pentane 0.001996 1.000000 0.0058 0.005793
Hexane 0.002017 1.000000 0.0073 0.007321
Combined standard uncertainty 0.073203
Coverage factor (k) 2
Combined expanded uncertainty 0.146406
CV absolute uncertainty (MJ/m®) 0.056586

Table 4. Calibration g as with high composition uncertainty

Assumption is made on pipeline that is flowing gas with monetary value  worth £30 million
/month. 0.146% uncertainty means an uncertainty of £43,921 /month in comparison to

uncertainty of 0.027 % which only means an uncer tainty of £8,268 /month . it is obvious
to use calibration gas with low er uncertainty that may be more expensive than the
alternative , however from operation point of view it might potentially save much more
money through more accurate measurement.

2.2 Calibrat ion Gas Storage a nd Dew Point Temperature

Ordering calibration gas that is of high quality is the first step. However, many operators

make mistake by filling as much pressure as possible into the calibration gas.
Considerations need to be made in term of storing the calibration gas. This is crucial for

the areas where ambient temperature can become quite cold. If the calibration gas is

stored lower than its dew point temperat ure, it can have condensation on its heavier end
and the impact will be a fault y calibration result. An example of the calibration result from

non -homogenous gas can be seen in Figure 1.
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Figure 1. Non homog enous calibration gas

Because the calibration gas certificate is always used as the basis for the calibration gas
bottle concentration, when the gas is not homogeneous it will lead to a measurement
error.

From the Figure 1, it can be seen that hexane and heptane response factor is lower than
expected (green line is the expected RF for hexane and heptane). This is due to the gas
being stored in the cold weather, lower than its dew point temperature. This issue if goes
undetected can lead to quite significant mis -measurement.

However, this can be avoided by observing the response factor trend as well as the
correlation chart.

Response Factor

— /’/
25,000,000

Response factor

10,000,000 —|

5,000,000 —|

Methane Nitroges

C1-C2-C6 C3-C4-C5 C1-C2-C3-C4-C5-C6

R? = 0.9967 R? = 0.9966

R* = 0.9961

Figure 2. RF trend and correlation chart of healthy GC

A healthy GC will have an ascending response factor trend and high correlation between

the Response Factor and Molecular Weight asshownin Figure 2. The case where the heavy
end sits at the bottom of the bottle can be overcome by re -heating the gas to a
homogenous state and running the GC using calibration gas for several cycles. Test
performed has sh own that the detected gas return into its normal homogeneous state

after 10 runs as shown in Figure 3.
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Arguably after this process the composition within the bottle has been altered, however it
can also be argued that normally the heavy end has low concentration with low sensitivity

towards CV and densi ty measurement and therefore the calibration gas will still be fit for

Figure 3. Runs of calibration gas prior to returning to homogenous state

purpose. Also the acceptability of calibration gas can be determined by the gas thermal

conductivity property. Gas that flows through thermal conductivity detectors will follow
consiste nt characteristic as shown in

in the order of Methane T

neoPentane

Nitrogen 1 CO2 i Ethane 7 Propane i iButane
I iPentane 1 nPentane i Hexane T Heptane, and the correlation between RF

Figure 2 earlier. As long as the RF trend is ascending

nButane

and MW is high, it can be concluded that calibration gas is healthy as well as the valve and
other time events in the GC

are healthy too.

This principle ca n also be used to determine if a calibration gas is as per what stated in its
calibration certificate. There are some occasions where errors
calibration gas which result
This can be determined by checking the calibration result.

S

n

the bottl e

occur in the making of
composition not

When goes undetected, this issue can cause systematic error despite the low uncertainty
of the calibration gas composition.

2.3

Having good calibration gas is a good first step. Howe
seen that operators perform calibration with the wrong calibration gas composition entered

Calibration | ssue

ver, in many occasion it has been

into the GC. This can have a significant error on measurement. The following is an example

that has been used in previous paper, ho

things that can go wrong from a single calibration and how the calibration data information
can be come a very useful diagnostic tool to ensure GC correct measurement.

The GC in this case study had been offline

wever , it is a very useful example to show few

for a while, and it was time to bring it back

online again. A new calibration gas was installed and a calibration was done. Instead of

checking the trend and the result of the calibration, a forced calibration was performed

and GC was assumed to run corre

composition of the old calibration gas that still existed in the GC were not the same. The

initial calibration RF trend on this GC is as the following:

ctly as it did not produce any alarm. However, because
it was a new calibration gas, the composition of the new calibration gas and the

as

per
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Figure 4. RF trend due to wrong component concentration entered in GC data table

Following this, component data table within the GC was changed to match the calibration
gas certificate and further calibration was performed. The result was a better response
factor, with several minor issues as shown in Figure 5.

Response Factor Trend

2s Nitrogen is too high
26|
CO02 istoo high

Figure 5. RF trend after component data table in GC was adjusted

From Figure 5, the trend shows that N2 level was too high and hexane level was too low.
The N 2 levels can be high after changing the calibration gas as the sample line can fill with
air. To rectify this issue, the calibration sample line was purged with calibration gas. After
clearing the air, the RF trend was significantly better as shown in Figure 6.

Response Factor Trend
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Figure 6. RF trend after calibration sample line has been purged

The blue line above shows the trend prior to purging , and the red line shows the trend
after purging. The N2 is now at its expected level; however hexane RF was still lower than
expected. Inspection of the correlation between MW and RF is then used to help determine

the cause of the low Hexane RF as shown i n Figure 7.
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Figure 7. MW -RF Log chart of calibration data

It was determined from the plot that based on the poor correlatio n of C1 -C2-C6; the
problem was caused by some of the heavy component (hexane) leaving column 1 to flow

through column 2 instead of all of it being back -flushed due to incorrect valve timing. The
result was not all hexane component being detected by the GC and the RF was low.

Adjustment was performed to the valve timing to prevent C6+ from entering column 2.
This resulted in the change of the response factor chart as depicted in Figure 12.

Response Factor Trend
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Figure 8. RF trend and MW -RF log chart of healthy GC

The charts now clearly indicate that the problem with the GC has been rectified and the
trends are all as expected. The error introduced by this problem may not be apparent at

the individual component level, however analysis of the resultant calculated calorific values
of the two calibrations clearly show the difference to be significant. The potential difference
in the final output result is given in Table 5.
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Description Wrong RF Correct RF Difference
CV 45.07 44.44 1.41%
Volume 100 100

Volume 2,831,684 2,831,684

Energy (MJ) 127,624 125,840 1,784
Energy (KWh) 35,451,330 34,958,311 493,019
Value per KWh £0.02418 £0.02418

Value /day £857,213 £845,292 £11 ,921
Value /month £25,716,394 £25,358,758 £357,636

Table 5. Unhealthy vs healthy result comparison, Value per KWh data is taken from

24

Quarterly Energy Prices,

Dual Level Calibration to

Reduce Non -Linear

June 2016

Bias

Calibration can be proven to be correct, calibration gas can be selected of the highest
quality, however when the GC operates in the non

can also be quite significan
evaluati on test to understand the extent

t. 1SO 10723:2012
of non -linearity and how much impact the non

-linear range, it will introduce bias that
[3] specify how to perform GC performance

linearity has on overall measurement. This method requires 7 sets of d
composition that covers the operational range of the GC. There are a lot of preparation
prior to the performance evaluation test that can be quite impractical in case the test
needed to be performed urgently.

Looking at the impracticality of p

introduced in the UK and has
as shown in

Authority)

calibration w

according to ISO

Single Point Calibration uses one set of

ithout

Appendix 1

exerting

10723.

erforming 1SO 10723,

a new method

ifferent gas

was recently

received a letter of no objection from OGA (Oil and Gas

. Dual Level Calibration is a middle ground between
single point calibration using single set of gas compositions and multilevel calibration using
7 sets of gas compositions. The idea is to reduce the bias associated with single point

calibration gas

response towards a certain component. Calibration result is calculated as
peak area generated by a certain mole%. This is illustrated in

Figure 9.

big efforts associated with performing evaluation test

as compositions to get the GC

a function of
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Figure 9. Single point calibration

As shown in  Figure 9 above, the mole composition measurement is proportional to the
changes in peak area  as shown in Figure 12 below

Mole% vs Peak Area
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We assume that the relationship between
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3
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Figure 10. Peak Area 1 mole% relationship on a single point calibration

10
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By performing single point calibration, the GC is assumed to be linear. However, the true
response function of the GC do es not follow linear line as shown in a single point
calibration. Figure 13 illustrate a real response function in comparison to single point
calibration function on methane calibration results. The function on orange line (true

function) is generated using 7 sets of gases with different composition.

Mole% vs Peak Area

.

@==g True Function

Mole%
.

Single Point
Calibration Function

50 ¢

6.0E+08 6.5E+08 7.0E+08 7.5E+08 8.0E+08 8.5E+08 9.0E+08
Peak Area

Figure 11. True function in comparison to single point calibration function

The impact of running single point calibration is bias where the measurement is not
performed in the linear range of the gas. Figure 14 illustrates the b ias of methane across
range of measurement when calibrated using single point calibration in comparison to the

true function.

11
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Figure 12. Single point calibration bias when compared against true function

The above illustration is the reason why when measuring a stable gas composition, for
instance stable gas that comes from a single well, it is recommended to design calibration

gas composition as close
the measurement bias from detector non
that has calibration gas that is non

to the process gas composition as possible.

-representative o

Doing sow ill minimise

-linearity . Table 6 shows measurement from GC

f the process gas.

L Calibration Gas .
Description Actual value GC measurement| Difference
(mole%%)

Methane 69.5 84.9948 84.7366 -0.2582
Nitrogen 10 5.5195 5.6051 0.0856
CO,; 3 1.9973 2.0269 0.0296
Ethane 9 4.2856 4.3836 0.098
Propane 2 1.8035 1.829 0.0255
i-Butane 0.5 0.2497 0.2524 0.0027
n-Butane 0.5 0.3476 0.3527 0.0051
MNeopentane 0.2 0.0999 0.1008 0.0009
i-Pentane 0.1 0.3007 0.3063 0.0056
n-Pentane 0.1 0.1996 0.2027 0.0031
Hexane 0.1 0.2017 0.2037 0.002
CV (MJ/m3) 38.6512 38.6704 0.0192
Difference (%) 0.0496%

Table 6. Big bias when calibration gas is non representative of process gas

12
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This bias can easily be reduced to a negligible level when calibration gas is designed to be
similar to the process gas composition. Ta ble 7 shows the result between actual value and
GC measurement when calibration gas is similar to the gas being measured.

L Calibration Gas .
Description Actual value GC measurement| Difference
(mole®)
Methane 84.9955 84.99418 84.9944 -0.0004
Nitrogen 5.5212 5.5195 5.5197 0.0002
CO; 1.9969 1.9973 1.9974 1E-04
Ethane 41,2838 14,2856 4,2857 0.0001
Propane 1.8037 1.8035 1.8035 0
i-Butane 0.2497 0.2497 0.2497 0
n-Butane 0.3474 0.3476 0.3476 0
Neopentane 0.1001 0.0999 0.0999 0
i-Pentane 0.3006 0.3007 0.3007 0
n-Pentane 0.1996 0.1996 0.1996 0
Hexane 0.2017 0.2017 0.2018 0.0001
CV (MJ/m3) 100 100 0
Difference (%) 38.65125 38.65127 0.00002
0.00005

Table 7. Negligible bias when calibration gas is similar to process gas

This is however only useful when the process gas is stable with low variation over time.
When the process gas variation is high, GC may be impacted by non -linearity. How big of
a bias a GC has from non  -linearity can be tested. This is specified in the ISO 10723:2012
standard [3].

In many occasions, selecting the correct calibration gas can ensure that the bias will be

acceptable across a defined range of measurement. For example, if the range of
measurement is between 70 to 75% on methane, running 1SO 1 0723 will give us
information what compaosition will be the best to use.

Figure 13 shows Monte Carlo simulation of methane bias between 60% to 90%
measu rement where calibration gas sits at 84%. From Figure 13 it is visible that bias is
expected to increase as methane concentration reduces.

13



34 ™ International North Sea Flow Measurement Workshop
25 -28 October 2016

Technical Paper
0.1600
0.1000
0.0600

0.0400

CV Bias{inMIl/m3)

0.0200

0.0000

50 95

-0.0200

-0.0400

-0.0600

Methane Mole%

Figure 13. Methane bias distribution when using 84% methane as calibration gas

The same simulation is done using calibration gas where methane sits at 70%. Figure 14
shows the result.

Figure 14 . Methane bias distribution when using 70% methane as calibration gas
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