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Abstract - Especially in Korea, LNG terminals commonly have huge scale because of the
high demand of natural gas, and for the safe operation of terminal wide observation on temperature
is necessary. That is the reason why the terminal has thermometer all over the facility but
another information, flow rate, is insufficient. By the way, in pipeline, temperature difference
is highly related with flow rate and with some simple assumptions, we can estimate flow rate.
And through the steady state data reconciliation, the flow rate data become more reliable. In

this research, we will study about flow rate data reconciliation method for LNG terminal and
case study.

Key words : flow rate data reconciliation, temperature-flow rate correlation, steady state simulation,
LNG pipeline, LNG terminal,
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Fig. 1. Heat transfer through composite pipe.
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Pre-data reconciliation
Minimize Z (y’_x’ )z ¥ : measured value

X : estimated value
Constraints > X =D %, =0 Balance equation > Vi ‘Z | - |e“ >Z,, then Gross Error
7 i %

Vi

Yenr-sary = 2% cat-comp. =0
i: nonzero mean measurement
litntolea)

Measurement test

Residual : e=y-x e~ MVNQ,V)

'V : covariance matrix of measurement residual |

Data reconciliation
Minimize {Z{yA —(xk+§k )}1 +Z(y,—x,):]
2.%5,6,.B, T 5

= =0
Constraints Zregi

7 2 Fyserecom. =0

Fig. 2. General data reconciliation process.
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Fig. 3. Algorithm for flow rate estimation
and reconciliation.
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Fig. 4. Hypothetical LNG unloading pipeline
for the case study.
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Table 1. Temperature and Flow rate data
of normal state case study.

Flow | Flow | Flow
Error | Error
Tempe rate | rate | rate
Tag #
rature (estim| (recon| . (est-i | (rec-i
. (ideal)
ated) | ciled) de) | de)
7 | TI001_1| ~156.7
18368 | 19106 | 19434 | 291 | 1.69
001 | TI001_2| -1565
7 | TI002_1| ~1565
18877 | 19106 | 19434 | 2.87 | 1.69
002| TI002_2| ~156.3
15118 | 15311 | 15547 | 2.76 | 1.52
003| TI003_2| -156
17 | TI00A_1| -156
13619 | 13768 | 13993 | 2.67 | 1.61
004| TI004_2| -155.7
7 | TI0051| ~155.7
_ 12270 | 12375 | 12593 | 257 | 1.74
005| TI005_ 2| -155.4
7 | TI006_1| ~155.4
9832 | 9908 | 10075 | 2.41 | 1.65
006 | TI006. 2| -155
9058 | 9054 | 9269 | 2.28 | 2.32
007| TI007_2| -154.6
7 | TI008_1| ~154.6
7262 | 7224 | 7415 | 2.06 | 2.58
008| TI008 2| -154.1
7 | TI009_1| -156.9
18360 | 19106 | 19434 | 296 | 1.69
009| TI009_2| -156.7
7 | TI010_1| -156.3
3812 | 3795 | 3887 | 1.93 | 2.35
010|T1010_2| -155.3
r | TIO111| -156
1548 | 1543 | 1555 | 047 | 0.77
011|TI011_2| -1535
7 | TI012_1| -155.7
1399 | 1393 | 1399 | 0.05 | 0.44
012|TI012.2| -146
Ty | TI013_1| ~155.4
2488 | 2467 | 2519 | 1.20 | 2.06
013| TI013_2| -153.9
1y | TI014.1| ~155
88 | 84 | 806 | 640 | 6.01
014| TI014_2| -150.6
Ty | TI0151| ~154.6
_ 1844 | 1830 | 1854 | 050 | 1.28
015| TI015_2| -1525
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Table 2. Temperature and Flow rate data
of abnormal state case study.

LNG Hrd

HA vy

Flow | Flow | Flow
Error | Error
rate | rate | rate
Tag #
(estim| (recon| . (est-i | (rec-i
. (ideal)
ated) | ciled) de) | de)
7 | TI001_1
18868 | 18994 | 19434 | 291 | 2.27
001| T1001_2
7 | TI002_1
1887718994 | 19434 | 2.87 | 227
002| T1002_2
7 | TI003_1
15118 | 15180 | 15547 | 2.76 | 2.36
003| T1003_2
7 | TI004_1
13619 | 13633 | 13993 | 2.67 | 257
004|TI1004_2
_ 12270 | 1223512593 | 257 | 2.85
005| TI005_2
1 | TI006_1
9832 | 9972 [ 10075| 241 | 1.02
006| TI006_2
9058 | 9116 | 9269 | 2.28 | 1.65
007| TI007_2
7 | TI008_1
7262 | 7279 | 7415 | 2.06 | 1.84
008| TI008_2
7 | TI009_1
18860 | 18994 | 19434 | 2.96 | 2.27
009 TI009_2
7 | T1010_1
3812 | 3814 | 3887 | 1.93 | 1.89
010/ TI010_2
7 | TIO11_1
1548 | 1547 | 1555 | 047 | 049
011|TI011_2
7 | TI012_1
1399 | 1398 | 1399 | 0.05 | 0.09
012|TI012_2
1y | TI013_1
700 | 2262 | 2519 | 722 | 10.1
013| T1013_2
TI014 1
TI _ _
014/ TI014_2 858 | 86 | 806 | 640 | 6.27
7 | TI015_1
_ 1844 | 1837 | 1854 | 0.50 | 0.90
015|TI015_2
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