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Abstract: The sources of uncertainty in the analysis of liquified natural gas (LNG) process are evaluated. The
uncertainty sources evaluated are the repeatability of measurement, non-linearity of GC, the uncertainty of
standard gas used for calibration, difference of gas sampling and deviation after GC calibration and major
revealed sources are the non-linearity of GC, the uncertainty of standard gas and the deviation after GC
calibration. The determined values and uncertainties of methane and ethane as the major components are 90.0
%mol/mol+1.9% (relative and 95% level of confidence) and 6.26 %mol/mol£0.08 (relative and 95% level of
confidence), respectively. The contribution of uncertainty varies depending on the source of uncertainty and
gas component. In the case of methane, non-linearity of GC, the uncertainty of standard gas and deviation

after GC calibration contribute 0.28%, 0.25% and 0.24% of relative expanded uncertainty, respectively.
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Table 1. The process-GC and operational condition

GC Condition

Model EMERSON 570, 2350A
Column Hysep-Q, MS 5A, Chromosorh
Detector TCD, Temperature, 75°C
Mobile phase, Helium, 50 mL/min

Flow rate

Flow, solenoid Multi-path, Back Flush
n-CgHyy, C3Hg, i-Cy4Hyg, n-Cy4Hyy, i-

CsHi,, n-CsHy,, Ny, CHy, CO,, CoHg

Detection sequence




492

9% - 18

Table 2. Certified reference material(gas)s used for analysis

LR

o7zl - 314

Element CH4 C2H5 C3H3 i-C4H|0 n-C4H]0 H-C5H12 n-C5H12 Nz C02
Conc., %mol/mol 89.12 5.46 3.24 0.47 0.52 0.100 0.060 0.17  0.83
Expanded uncertainty, rel % 0.5 0.7 0.8 1.0 1.0 1.0 1.0 1.0 1.0
standard uncertainty rel % 0.25 0.35 0.4 0.5 0.5 0.5 0.5 0.5 0.5
Table 3. Natural gas CRMs used for linearity (RF) test
Standard gas CH4 C2H6 C3Hs i-C4H10 l'l-C4H10 i-C5H12 l'l-C5H12 N2
A 91.2785  5.2778 2.4504 0.4905 0.4759 0.0049 0 0.0181
B 88.2978  7.0635 2.7967 0.7763 0.7583 0.038 0.0053 0.2597
C 91.9373 1.9249 5.4461 0.1619 0.1079 0.00199  0.00202  0.4142
D 93.1892 0 6.8046 0 0 0 0 0
% Expanded uncertainty 0.1 0.3 0.4 0.5 0.5 1.0 1.0 1.0
(95%, level of confidence)
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Fig. 1. Schematic diagram of sampling probes used for the
comparison between ordinary outlet and one designed
by ISO 10715.
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Table 4. Results for the repeatability test
Time, No. CH4 C2H5 C3H3 i-C4H10 H-C4H10 i-Csle H-C5H12 Nz COz
14:39 90.0176 6.2626 2.2871 0.4952 0.6342 0.0307 0.0097 0.2624  0.000
14:43 90.0124 6.2654 2.2908  0.4953 0.6346 0.0308 0.0096 0.2606  0.000
14:47 90.0139 6.2644 2.2904  0.4952 0.6345 0.0307 0.0097 0.2608 0.000
14:51 90.0158 6.2623 2.2900  0.4953 0.6344 0.0308 0.0097 0.2613 0.000
14:55 90.0130 6.2647 22910  0.4953 0.6344 0.0307 0.0099 0.2604  0.000
14:59 90.0122 6.2651 2.2908  0.4953 0.6348 0.0308 0.0099 0.2607 0.000
15:03 90.0171 6.2611 2.2897  0.4953 0.6343 0.0310 0.0100 0.2611 0.000
15:07 90.0171 6.2614 2.2898  0.4954 0.6344 0.0308 0.0098 0.2608 0.000
15:11 90.0109 6.2658 2.2911 0.4953 0.6346 0.0311 0.0099 0.2607 0.000
15:15 90.0125 6.2647 2.2909  0.4955 0.6349 0.0309 0.0098 0.2605 0.000
Rel. SD*, % 0.0027 0.0276 0.0520  0.0177 0.0344 0.4338 1.2727 0.2228 0.000

“Rel. SD, relative standard deviation.
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Table 5. Variation of RF values after calibration during 1 day

HEF - v - o) - SAY

Date CH4 C2H5 C3H3 i-C4H10 H-C4H10 i-CsH]z n—C5H12 Nz COQ
9/12 0.11 0.12 0.11 0.1 0.09 0.12 0.03 0.15 0.11
9/13 -0.13 -0.14 -0.15 -0.13 -0.17 0.05 0.18 -0.19 -0.13
9/14 -0.4 -0.4 -0.37 -0.39 -0.37 -0.51 -0.56 -0.34 -0.41
9/15 0.67 0.67 0.63 0.66 0.63 0.52 0.41 0.64 0.75
9/16 -0.07 -0.06 0.01 -0.01 0.01 -0.09 0.14 -0.15 -0.11
9/17 -0.12 -0.13 -0.19 -0.17 -0.16 -0.02 -0.16 -0.07 -0.09
9/18 0.07 0.1 0.11 0.13 0.14 0.17 0.31 0.08 0.12
9/21 -0.26 -0.29 -0.3 -0.31 -0.33 -0.51 -0.66 0.09 -0.43
9/22 -0.17 -0.25 -0.28 -0.29 -0.26 -0.08 -0.19 0.27 0.01
9/23 0.3 0.34 031 0.29 0.26 0.36 0.46 0.27 031
9/24 0.04 0.04 0.05 0.1 0.13 0.12 0.18 0.06 0.07
9/25 0.14 0.16 0.26 0.24 0.22 0.33 0.18 0.09 0.03
9/26 0.18 0.15 0.13 0.11 0.11 0 0.17 0.2 0.14
9/27 0.15 0.15 0.11 0.14 0.16 031 0.12 0.17 0.3
9/28 -0.08 -0.06 -0.06 -0.04 -0.06 -0.13 -0.07 -0.13 -0.09
9/29 -0.02 -0.03 0.04 0.01 0.05 -0.06 -0.07 0.02 -0.12
9/30 -0.22 -0.24 -0.35 -0.37 -0.39 -0.35 -0.26 -0.23 -0.12
10/01 -0.2 -0.16 -0.15 -0.17 -0.15 -0.04 0.13 -0.22 -0.28
10/03 0.19 0.13 0.23 0.24 0.21 0.04 -0.06 0.21 0.1
10/04 0.04 0.1 -0.01 -0.05 -0.03 0.02 0.07 -0.06 0.13
10/05 0.18 0.16 0.27 0.29 0.3 0.29 0.03 0.27 0.14
10/06 0.03 0.05 0.05 0.05 0.09 -0.07 0.02 0 0.06
10/07 -0.39 -0.42 -0.47 -0.49 -0.5 -0.33 -0.28 -0.34 -0.42
10/08 -0.03 0.01 0.05 0.02 0.01 0.06 -0.04 -0.05 0.08
10/09 0.56 0.52 0.54 0.6 0.6 0.56 0.29 0.56 0.59
10/10 0.08 0.12 0.11 0.11 0.09 0.05 031 0.06 -0.05
10/11 -0.02 -0.02 -0.02 0.01 0 0.02 0.03 -0.02 0.16
10/12 -0.18 -0.15 -0.15 -0.18 -0.16 -0.19 -0.31 -0.2 -0.18
10/13 -0.17 -0.2 -0.25 -0.28 -0.27 -0.12 0.03 -0.19 -0.27

Rel. SD*, % 0.24 0.24 0.26 0.27 0.27 0.26 0.26 0.24 0.27

“Rel. SD, relative standard deviation.
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Table 6. Response factors of process-GC used at the various Table 7. ANOVA test for the comparison of sampling

concentration levels techniques
Cone.* Maximum dif- Relative stan- Element No normal sampling difference, Statistical
Element (ty). RF ference  darduncertainty * sampling by ISO means F test*
’ between RFs %) 1 90173  90.188
88.2977 5022119 2 90.125  90.175 No
91.2785 5006106 3 90.139  90.076 0.020  difference

: 0, 0, CH4
CHi 910372 s003101 % 0-28 % 4 90192 90.109 (F<Fy)

93.1892 4997503 mean 90.157  90.137

1.9249 8216202 1 6.002 5.997
5.2788 8192260

9 9 2 6001  5.99 :
C,Hg 70635 8179444 0.84 % 0.49 % : 6001 <007 Difference
95777 8147164 C:Hs ' | 0.0040
4 6004 6002 (F>Fy)
;-‘7‘22‘7‘ Z;;g‘l‘if mean 6.002  5.998
- 0, 0,
GHs 54461 o6so074 137 0.77 % 1258  2.586
6.8046 9646068 2 2588 2.586 No
3 2588 2.586 ;
01619 11077393 C;Hg ) R e 0.0013  difference
. : (F<Fy)
04905 11298287 . .
-CHio g 7763 11313767 217 121 % mean 2.588  2.587
0.7874 11291529 1 0526  0.526
0.1079 11368737 2 0526 0526 No
04759 11581830 . . i-CH,, 3 0526 0525 000025 difference
n-Cithog 7583 11598065 20 % L15 % 4 0526 0526 (F<Fy)
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CH4 C2H6 C3H8  -C4H10 n—-C4H10 N2
mean 0.166 0.166

*F,, reference F value (95% level of confidence); F, determined F'

Fig. 2. Response factors at various concentration level.
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Table 8. Standard uncertainty, combined standard uncertainty and expanded uncertainty for the measurement results described

at introduction

Standard uncertainty, relative % CH, C,Hg CsHg  i-C4Hjp n-C4H;y i-CsHjp; n-CsHpp N, CO,
repeatability, relative % 0.0027 0.028 0.052 0.018 0.034 0.43 1.27 022 0.00
Standard material (gas), relative % 0.25 0.35 0.40 0.50 0.50 0.50 0.50 0.50  0.50
Drift between calibrations, relative % 0.24 0.24 0.26 0.27 0.27 0.26 0.26 0.24 0.27
non-lineality (RF), relative % 0.28 0.49 0.77 1.21 1.15 5.09 8.64 242 0.00
sampling, relative % 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00
Combined Standard uncertainty, relative % 0.45 0.65 0.91 1.34 1.28 5.14 8.75 2.49 0.57
Expanded uncertainty, relative % 0.90 1.30 1.82 2.68 2.56 10.28 17.5 498 1.14

(level of confidence, 95%)
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