KIGAS Vol. 23, No. 2, pp 28~34 2019 https:/ /doi.org/10.7842/kigas.2019.23.2.28
¢ (Journal of the Korean Institute of Gas)

aAHf - TO|BHE
AN oA Fstkat
(20181 9¥ 21 <= 20199 39 23Y %, 20199 39 24 Ad)

A Consequence Analysis of the Mitigation Impact on Emergency
Shut-off Valves for Accidents of Underground Pipelines

Sang Bae Park - *Chang Jun Lee
Department of Safety Engineering, Pukyong National University
(Received September 21, 2018; Revised March 23, 2019; Accepted March 24, 2019)

2 o

WA ST ol = A AbeFe] STok ol o] FelE 91 B e 7o) A shul Aul ko] M Ho] 9]
o A S ARSI A o= 627) Aol F 1,293km ] A|Shu o] A 5]0] 9l 0m), o) Fol 4 AR A
9] %o )50 YTk, A2 337 SATIHI AN E 5718 AT O, h AT B 8
ARk o3 AT ol &8 AILT$-9] AAE A2 23 ALE o]0 W 5 9o, o= A TR EN 2 AP S
% % Itk ¥ Aol A= A Sl o ol 1 FATAA & A A9 ALY B Bal ek 24
9] o] AZE A RAFT. & AP0 AhE Fal AFATAR AR 7E A s o) o] 2 AL )
AT Tl ol 2 ATL T 5 S-S ABHAT G5, st ] obn A BL Slal A AFAB

Ao BAE et Qe Eolof & o]t

Abstract - A large number of underground pipelines in the Ulsan National Industrial Complex
has been constructed to improve the productivity of chemical products and tackle transportation
problems. Now, the total of 1,293km of underground pipelines around 62 companies has been in-
stalled and operated. Many of underground pipelines have been installed outside of factories. For a
past three years, five gas leakage accidents have occurred and the emergency response took up to 8
hours or more. Due to these delay in accidents, second serious accidents might occur and lead to oc-
cur damages to adjacent residents. In this study, it is assumed that emergency valve systems are in-
stalled under a ground and the efficacy of these is verified. Consequence analysis program was em-
ployed to evaluate the mitigation impact of emergency valve systems. The results show that these
valve systems are economical and their performances for a mitigation are excellent. The results in-
dicate that the installation of emergency valve systems for underground pipelines should be ur-
gently legislated and performed.
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Fig. 1. The survey area of piping status in Ulsan
National Industrial Complex.
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Table 1. The information of piping at a specific
survey area in Fig. 1. (unit: m)[5]

Total Gas Oil Chemical

60,510 24,613 3,953 31,944
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Fig. 3. An example of an emergency shut-off
valve installation.
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Fig. 4. A emergency shut-off valve.

Table 2. Yearly average weather conditions in

Ulsan [7]
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Table 3. Accidents in Ulsan National Industrial
Complex [2]

Date Accident

Damage to Nitrogen piping by Third parties
during perforation for Nitrogen piping
Installation at Onsan Intersection

2016.04.01

Hydrogen piping damage during geological
survey drilling for high voltage cable
installation in front of Ulsan factory in A
industry

2015.10.08

Leakage accident due to damage of Hydrogen
piping gasket on road in front of L Chemical
in Ulsan Petrochemical Complex

2014.10.27

Temp.(°C) Wind speed (m/s) Wind direction

2.1

14.8 NNW
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Damage of Xylene piping during to install

2014.02.22 . . .
stream piping at Onsan Port intersection

Damage of Propane piping during burial
construction for installing dangerous material
transfer piping at Yong-Yeon intersection

2014.01.03
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Table 4. The information of propane pipes in this

study [9]
Gas name pressure Diameter Length
Propane 25 kg/em2 150 A 4,900 m

Table 5. Input information for simulating case 1

and 2
Material PROPANE
Mass inventory 50/25 tonne
Temperature 156 C
Release Location 1 cm
Atmospheric Temperature 148 C
Wind speed 2.1 m/s
Stability Class D
Kiomerers
H
1 ra
(
N
° wind
-
N
1 S
Z2 1 i . 2 3
[ areater than 21000 ppm (LEL) )
greater than 12600 ppm (60% LEL = Hame I'ockets)
| areater than 2100 ppm (10% 171

———  wind direction confidence lines

Fig. 5. Flammable Threat Zone (Propane) of
case 1 when an emergency shut-off
valve is not installed.
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6. Flammable Threat Zone (Propane) of
case 1 in case an emergency shut-off
valve is installed.

Zone (Propane) of
emergency shut-off

Fig. 9. Overpressure Threat
case 2 in case an
valve is installed.

Fig. 7. Overlapping flammable threat zone

(Propane) of Fig. 5 and 6.

kilometers
1

Overpressure (Propane) of case 2 when
an emergency shut-off valve is not
installed.
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Fig. 10. Overlapping overpressure threat zone
(Propane) of Fig. 8 and 9.

Table 6. The Results of Flammable and over-
pressure zone according to the instal-
lation of emergency safety valve

Without valve With valve Mitige?ﬁon

Ratio

10% LEL 1.4 km 1.1 km 21.4%

60% LEL 763 m 563 m 26.2%

LEL 631 m 471 m 25.4%

1.0 psi 860 m 652 m 24.2%

3.5 psi 667 m 497 m 255 %
8.0 psi None None -
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Table 7. The Results of Flammable and over-
pressure zone according to the number
of emergency safety valve (Unit:km)

I# of emergency valve| 1 2 3 4

10% LEL 1.10 0.890 0.80 0.73

60% LEL 0.56 0.47 0.42 0.37

LEL 0.47 0.39 0.34 0.30

1.0 psi 0.65 0.55 0.49 0.43

3.5 psi 0.50 0.41 0.37 0.32
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