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Abstract : Quantitative risk assessment (QRA) is used as a legal or voluntary safety
management tool for the hazardous material industry and the utilization of the method
is gradually increasing. Therefore, a leak frequency analysis based on reliable generic
data is a critical element in the evolution of QRA and safety technologies. The aim of this
paper is to derive the leak frequency function that can be applied more flexibly in QRA
based on OGP report with high reliability and global utilization. For the purpose, we first
reviewed the data on the 16 equipments included in the OGP report and selected the
predictors. And then we found good equations to fit the OGP data using non-linear
regression analysis. The various expectation functions were applied to search for
suitable parameter to serve as a meaningful reference in the future. The results of this
analysis show that the best fitting parameter is found in the form of DNV function and
connection function in natural logarithm. In conclusion, the average percentage error
between the fitted and the original value is very small as 3 %, so the derived prediction
function can be applicable in the quantitative frequency analysis. This study is to
contribute to expand the applicability of QRA and advance safety engineering as providing
the generic equations for practical leak frequency analysis.
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Table 1, Example of manual valve(300mm diameter) release
frequency included in OGP report(No, 434—1)

Leak hole dia All Full Limited Zero
range(mm) release release release release
1t03 8.40E-05 4.30E-05 3.20E-05 1.10E-06
3t 10 4.30E-05 1.70E-05 1.80E-05 1.10E-06
10 to 50 2.30E-05 6.50E-06 1.10E-05 1.20E-06
50 to 150 6.30E-06 1.20E-06 3.50E-06 7.10E-07
>150 7.80E-06 1.70E-06 4.10E-06 5.40E-06

Full release

» Leak of normal operating pressure condition

Limited release

» Leak of 0.01 barg more and under normal pressure condition(e.g. shaft seal)
Zero release

» Leak of 0.01 barg or less pressure condition(e.g. maintenance)
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Review of data included in the OGP report
Establishing analysis direction through review on the OGP data feature
Review of key variables(predictors and response variable)

Input data organization for analysis (16 sets)

U

Non-linear regression analysis for data sets

Expectation function

- DNV function
- Generalized linear function with connection form in logarithm
- General nonlinear function

Searching best fit parameters on each expectation
function through repetitive comparison with data

U

Comprehensive review of the appropriateness of
derived functions

U

Estimation of applicable leak frequency functions
for equipment types

* Analysis tool : Minitab S/W

Fig. 1. Procedure of study for estimating leak frequency function,
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Fig. 2. Graph of leak frequency per flange diameter,
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Table 2. Applied expectation function and assigned number

Predictors Expectation function(EF) Num

d, D F(d)= oy (1+042Du3)da'1+a5 #1-1

d Fld)=o,d" +oy (ay =0) #1-2
= exp(, + Bylogd+ B;logD) + 3, #2-1
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Fig. 3. Residual plot of nonlinear regression analysis for
manual valve data using expectation function #1-1.
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Fig. 4. A comparison of graph between OGP data and fitted
value for manual valve size(150 mm, 450 mm, 900 mm).
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Table 3. A comparison between OGP data and fitted value for

EES
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manual valve
Leak size | Diameter Data Function #1-1 Function #2-1
(mm) (mm) Fit PE(%) Fit PE(%)
1 50 3.26E-05 | 3.27E-05 | 0.17 | 2.92E-05| 10.31
1 150 5.01E-05| 5.02E-05 ' 0.17 | 4.99E-05| 0.34
1 300 6.94E-05 | 6.96E-05 | 0.24 | 7.02E-05 1.16
1 450 8.54E-05 | 8.56E-05 | 0.23 | 858E-05| 043
1 600 9.93E-05 | 9.98E-05 048 | 9.89E-05| 042
1 900 1.25E-04 | 1.25E-04 | 020 | 1.21E-04| 290
3 50 1.26E-05 | 1.26E-05 | 0.27 | 1.14E-05| 9.70
3 150 1.91E-05| 1.91E-05 | 0.08 | 1.90E-05| 0.57
3 300 2.64E-05| 2.62E-05 | 0.69 |2.65E-05 0.20
3 450 3.24E-05| 3.21E-05 0.88 | 3.22E-05| 0.69
3 600 3.73E-05 | 3.73E-05 | 0.09 | 3.70E-05| 0.79
3 900 4.65E-05 | 4.65E-05 | 0.05 |451E-05| 3.01
10 50 4.90E-06 | 4.88E-06 | 0.50 |4.45E-06 9.08
10 150 7.10E-06 | 7.03E-06 | 0.96 | 7.00E-06 1.40
10 300 9.40E-06 | 9.42E-06 | 0.18 | 9.49E-06 1.01
10 450 1.14E-05 | 1.14E-05 0.10 1.14E-05 0.08
10 600 1.33E-05 | 1.31E-05 126 | 1.30E-05| 2.09
10 900 1.65E-05 | 1.62E-05 1.78 | 1.57E-05  4.67
50 150 2.40E-06 | 2.38E-06 | 0.92 |2.37E-06 124
50 300 2.90E-06 | 2.93E-06 1.00 | 2.95E-06 1.62
50 450 3.40E-06 | 3.39E-06 = 044 | 3.39E-06 0.31
50 600 3.90E-06 | 3.79E-06 = 2.87 | 3.76E-06| 3.53
50 900 4.50E-06 | 4.50E-06 | 0.03 |439E-06 248
150 300 1.70E-06 | 1.70E-06 | 0.22 | 1.70E-06 | 0.15
150 450 1.90E-06 | 1.86E-06 190 | 1.87E-06 1.82
150 600 2.10E-06 | 2.01E-06 | 4.17 |2.00E-06 4.64
150 900 2.30E-06 | 2.27E-06 1.14 | 223E-06| 292
Mean 0.78 2.50
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Table 4. Estimated parameter and mean percentage error for each expectation function per equipment type
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1

Function F(d) = a,(1+ a,D™)d™ + F(d) = exp(B,+ Bilogd + filogD) + 5, | Fld) =G5+
Equipment type a, a, a, a, oy MPE B, By B B4 MPE " Yo MPE
Steel pipe 3425, 0 0 -1.06 0 9.74% | -1028 | -1.06 0 0 9.76% (300253, 0 19.58%
Flange 3.13e-5| 0.001 | 129 | -1.16 | 1.47e-6 | 0.80% | -1448 | -1.16 | 090 147¢-6 | 9.43% NA
Manual valve 1.45¢-5 | 0.097 | 064 | -091 | 9.78e-7 | 0.78% | -1243 | -091 0.50 | 9.78e-7 | 2.50% NA
Actuated valve 2%e4| 0 0 -1.14 | 491e-6 | 475% | -8.13 -1.14 0 |491e-6| 477% | 3453.6 4.91e-6 | 18.87%
Process vessel 74le4 | 0 0 -0.69 | 1.00e9 | 0.57% | -7.20 -0.69 0 | 1.00e-9| 048% | 1281.8 1.00e-9 | 45.44%
Centrifugal pump 474e-3 | 0 0 -1.15 | 1.60e-6 | 2.95% | -5.35 -1.15 0 1.60e-6 | 2.96% | 213.7 | 1.60e-9 | 49.80%
Reciprocating pump 4533 0 0 -0.57 | 2.90e-6 | 0.12% | -5.40 -0.56 0 [290e-6| 0.12% | 203.5 | 29e-6 |53.47%
Centrifugal compressor | 4223 0 0 -149 | 5.00e-7 | 441% | -547 -1.49 0 |500e7| 445% | 247.8 | 5.00e-7 | 356.8%
Reciprocating compressor | 3.52¢-2 0 0 -1.04 | 2.88¢e-4 | 0.40% | -3.35 -1.04 0 2884 031% | 27.7 |2.88e-6| 8.78%
Heat exchanger (W in shell)| 1.78¢-3 | 0 0 -1.02 | 1.80e-6 | 191% | -6.33 -1.02 0 | 1.80e-6| 1.84% | 5609 | 1.80e-6 | 4.82%
Heat exchanger (b/c in tube)| 1.46e-3 | 0O 0 -0.75 0 1.56% | -6.53 -0.75 0 0 049% | 660.6 0 ]38.99%
Heat exchanger (plate) | 7.60e-3 | 0 0 -0.65 | 3.le-6 | 2.24% | -4.88 -0.65 0 3.le-6 | 228% | 122.8 | 3.le-6 |48.24%
Heat exchanger (air cooled) 1.84e-3 | 0 0 -0.72 0 1.78% | -6.30 -0.72 0 0 0.60% | 519.0 0 |4231%
Filter 2.10e-3| 0 0 -0.92 0 3.08% | -6.19 -0.92 0 0 1.20% | 4799 0 15.80%
Pig_trap 3303 O 0 -1.10 | 1.5e-6 | 1.90% | -5.72 -1.09 0 1.5e-6 | 2.52% | 307.1 | 1.5e-6 |28.24%
Instrument 273e4| 0 0 -1.00 0 3.78% | -8.21 -1.00 0 0 3.90% | 3656.9 0 3.84%
Average 2.55 298 52.50
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Table 5. Ratio between OGP report and DNV study leak frequency

Ratio
Source DNV study 2005 | OGP report 2010 | (OGP2010/
DNV2005)
Equipment type| F(1) | FG0) | F(1) | F50) | F(1) | F(50)
Steel PIPes | 5 75 05 | 0.0E+00 | 80E05 0.0EH00| 14 | NA
(50 mm)
Steel pipes | 5 ok 05 | 77508 | 38B-05  60E-07 | 19 | 78
(150 mm)
Steel pipes || 1k 05 | 42808 | 33E:05 S3E-07 | 30 | 126
(450 mm.)
Flange 1 3op 05 NA | 38605 NA | 12 | NA
(50 mm)
Flange 43E05 | 3.6E07 | 53E05 |20E-06| 12 | 56
(150 mm)
Flange
(450 ) | 12E04 | LIE06 | 12E04 27E06 | 10 | 24
Manual valves | 4p o5 \jA | 33E:05 | NA | 23 | NA
(50 mm)
Manual valves | 4 op 5| 4 9E.07 | 5.06-05 | 24E-06 10 | 49
(150 mm)
Manual valves | op 4| 9 3p.06 | 85E-05 | 34E-06 04 | 15
(450 mm)
Actuated valves| » cp 04 1 9E.06 | 31E04 | 8606 12 | 45
(150 mm)
Instrument | » 35 04 \JA | 27E-04 | NA | 12 | NA
(12.5 mm)
Process vessel | 5.0E-04 | 1.1E-04 | 74E-04 | 5.1E-05 1.5 0.5
Centrifugal ) op 03| 24E-05 | 47603 | 54E05 | 26 | 23
pump
Reciprocating | 3 75 03 | 52p.04 | 45603 | S0E-04 12 | 1.0
pump
Centiifugal 5 op 631 2 0B-06 | 42603 | 13605 21 | 65
compressor
Reciprocating | 70 05 | | 1E.05 | 35802 | 88E-04 13 | 80.0
compressor
Heat exchanger
(e in shelly | 4E03 | 13E04 | L8E03 | 3SE05 | 13 | 03
Heat exchanger
(e in tubey | OE03 | 49E-05 | LSE03 | 76E05| 15 | 16
Heat exchanger| ¢ op 31 36504 | 768-03 | 63E-04 13 | 18
(plate)
Heat exchanger| | )p 31 op 05 | 18E-03 | 1LIE-04 15 | 16
(aircooled)
Filter 89E-04 | 64E-06 | 2.1E03 | 55E05 23 | 86
Average 1.5 8.4
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