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Abstract - The high pressure underground pipelines of industrial states such as Ulsan, Yeosu
consist with not only the pipelines for the utility support such as Raw material of petrochemical in-
dustry and steam, but also high pressure pipelines of toxic, flammable gas intricately like a web.

Therefore, in this study, based on in-depth comparison analysis of industrial estate pipelines, and
underground city gas pipelines’ safety management status, excavation frequency, excavation
depth, patrol period which are pipe damage impact factor by the other construction are analyzed.
And, as a result, risk changes and correlations due to risk reduction strategy of the other con-
struction are compared to be presented the safety inspection operation model for the high pressure

https://doi.org/10.7842/kigas.2019.23.1.62

underground pipelines of industrial estates.
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Table 2. Kinds of gases at industrial estate

Characteristic Kinds of gases

Hydrogen, Carbon monoxide, Ethylene,
Butadiene, Butane, 1,3-butadiene, 1,2-butadiene,

Flammabl
¢ Propylene, Naphtha, Benzene, Hexane, isobutane,
VCM, Methane, Ammonia etc
E]'O ]' ](E‘ Toxic Carbon monoxide, Ammonia, AN,
S| VCM, EO etc

Oxidizing |Oxygen

Non-

FE]: H'T'r_}' o] o Nitrogen, Argon, Carbon dioxide etc
o= flammable

]l AtaLE

Table 1. Comparison of major laws for underground pipeline

City gas Business act

High pressure gas safety management act

Regular inspection 4 years(Large facility), 1 year/

Regul
. ceu ?r per year/ Article 17, Rule 25 Article 15-2 of the act, Rule 30, Separate display
inspection
rules 19
EOCS Enforce since Jul 11, 2008/ Article 30-2 Enforce since Jul 29, 2015/Article 23-2 of the

of the Act

Act

Total Executive Supervision
And Control

Enforce since Nov, 1995

Enforce since Jul, 2001

Precision Safety Diagnosis

‘Medium pressure Pipe: Pipes over 20
years old, per 5 years
‘High pressure Pipe: Pipes over 15 years
old, per 5 years
| Article 17-2 of the Act, Rule 27-2

No regulation

QMA
(Quantitative Management
Assessment)

Enforce since Aug, 2013

No regulation

Pipe Inspector

Elect one person/ 15km, Patrol more than
once/day/ Article 29, Article 15

No regulation

IMP (Integrity Management
Program)

Enforce since Feb, 2014

No regulation
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Fig. 1. Damage range.
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Fig. 2. Annual graph for the accidents by the
other construction.
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Table 3. Population density in Ulsan
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2.5. oAzl CiEt MBMIE Hl@
ARIRER o4 2 AL EE WS Fig. 33 2

Administrative .| Area | Density o] API 5L Grade B, A53 Grade Bo|w, =A|7}A
.. Population i X
district (ki) | (/i) oA & ALst= w2 SPPG 210 [KS D
1 AL y}o] FAS 7r
Tachwa(ung-gu) | 35274 | 523 | 6379 3631]0]3L, AFIThA] wige] #7432 Table 59 2
o] 100~150A, &7 7.1mm, 8.0mm 9] vj4-S 714+
Samsan(Nam-gu) | 50,573 | 5.68 | 8,904 o] AFL3l, EA7A v e ie Table 63 7
i o] 7 50~100A, 5.5mm, 6mm<] &2 7}A w
City Gas | Bang-o(Dong-gu) | 44,904 6.04 | 7,434 o] AFeElT 9t 2]6]
[€) AA .
Nongso3(Buk-gu) | 42,076 |31.09 | 1,353
sum 243,679 | 48.34| 5,040 250,000
32 %
seon 6,138 |2737| 2243
Nam -am 200,000 -
-gu 26 %
High Yaum-hang | s 098 | 130 | 4460 —
pressure Sengpo 130000 - 20-9%
I(zlas to.fl Onsan | 24080 | 37.6 | 640.1
nASAl | 17y 100,000 -
estate Chune-
gun & 16691 | 599 | 278.6
ryang
50000 -
sum 52,707 |137.87| 382 H
o | fH—
APl A53 A106 A53 A135 A135 A333 MDPE
Table 4. Population density in Yeosu 5. GrB GrB GrA GrA GrB Gri
GrB
Administrative Populati Area | Density
district opulation | s | (ki) Fig. 3. Usage graph for the kinds of underground
pipeline in Ulsan and Yeosu industrial estate.
isoa:l‘gg 35157 | 7.16 | 4910
Table 5. Status of piping circumference (Ulsan
Si-jeon 30,949 6.05 5,115 industrial estate)
Yeo .. . .
22.648 6.6 3.431 Piping circumference Extension length .
> » Ratio [%
City Gas cheon [A] [km] %]
Mun-su 21,168 2.25 9,408 < 100 88,653.4 13.8
Yeo 20955 | 258 | 8.137 100 145,501.1 22,6
-Seo
150 139,221.8 21.6
sum 130,877 24.64 5,311
200 86,699.7 13.5
High Sam-il 2752 | 4945 | 557
pressure 250 102,455 15.9
Gas of
Industrial 300 71,286.9 11.1
sum 2,752 49.45 55.7
estate
350 9,795 1.5
HAEE@A B s2bE, EbE, Boks, 8%, ATFS,
YIS, FEE) Sum 643,612.9 100
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Table 6. Status of piping circumference (City gas)
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HX

Piping ci[r;‘l;mference Extens[il(:;rl1 ] length Ratio [%]
< 50 406,715 1
50= 7,239,205 24.34
100 11,822,950 39.76
200 6,278,901 21.11
300 3,844,611 12.93
400 135,818 0.46
500 10,587 0.04
Sum 29,738,787 100

Table 7. Perforation frequency for pipe size and

thickness
Kinds of | Diameter/thickne Probability
pipes ss[mm] value
100[6.0] 0.1255
Industrial | API 5L
estate Grade.B
150[7.1] 0.0735
SPPG 50/4.5 0.4038
City gas 210[KS
D 3631] 100/4.85 0.3679
&g Puncture Prob. by Excavator — (=] x
BWEHEMTS) 3] Speclfied Minimum Tensile Strength(KS D 3831) : 334MPa
-KS D 3631 : 334MPa
HA(mm) 100

- API EL Grade B : 414MPa
- API 5L XB5 : 531MPa

SMWcmm) 55
‘ - API BL X70 : 565MPa

Calculate Pucniure Prob,

0,28035832

Fig. 4. Perforation frequency for pipe size and thick-
ness.
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Table 8. Reliability data of the each cases’ basic events, Frequency of top event

Industrial estate(Ulsan)
No Event City gas References
Case2: patrol
Casel: Non-patrol
once/day
B1 Excavation near the pipeline 1.8086 3.5840 04
B2 Third party unaware of one-call 0.1 0.1 0.24
B3 Right-of-way signs not recognized 023 0.085 0.19
B4 Failure of permanent markers 0.1 0.05 0.025 1
B5 Third party chooses not to notify 0.1 0.1 0.33
B6 Third party fails to avoid pipeline 0.4 0.4 04
B7 ROW patrols fail to detect activity 0.3 0.3 0.9
B8 Activity not detected by other employees 1 0.97 0.97
B9 Excavation prior to operator’s response 0.02 0.02 0.11
B10 Temporary mark incorrect 0.2 0.01 0.09
Bl Accidental hitting frf)m properly indicated 003 003 0.03
pipe
E i h i ipi X
BI2 xcavation depth exceeds buried piping 0.07(per 1.5m) 0.086 05
depth (per 1m)
Top event 0.00991 0.00582 0.0119 0.4517
fmpact frequency/ 0.005479 0.003217 0.003320 0.1129
an other construction

(0.00991/km-year — 0.00582/km"year) | o™,
ol WBAA UL w2l HANEE 1/22 74
A]?lg o} B oh;lr

FTEA A 570¢] m-cutset=0] AF&EH, o=
9] 7| ZAFAL Table 92} Zth Table 109]= 47}
A] case® Z} cutsets®] H|FES HA|F|FL QUth

oAlE 50| case 1 (AFGTA, «Z§S)9

= WA cutset(Bhs-AF WAL, S]] A, =3
Aol ofgk WA, b Helof] o WA Alv
& H|ZE0| 63.77% 21 HHH, case29] Ao H|E

N =
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Unit: (/km-year)
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S & 4= ok E3F 5A cutset(H A Al
oA 8] A E}4)2 hATE Tt offEl HET
g I £ gl Y ALYS HoFesd
case 1, 2, 3, 4& v|W3lolHH o)A 4= ¢l ouf
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ZEA|7FA 9 ?_};‘4%317} A 2=, 227 Q)
= 459 HFo] gl Aol vlste] ol ot
et A w2 2t &S o 4 Stk

8l3]%] A23¢@ A1E 2019 2¢€



HAF - AAE

o]

o
o
oy

fu)
o

Table 9. Common & Major Cause of minimal cut set[10]

Major Causes

Basic event of m. Cut set Common Causes
Cl1 | Bl BI2, B2, B3, B4, B7, B8
C2 B1, B12, B5, B6, B7, B8 . .
Excavation near the pipeline,
[Excavation depth exceeds buried
piping depth
C3 B1, B12, B4, B6, B9
C4 Bl1, B12, B4, B6, B10
C5 B1, B12, Bl1

Third party unaware of one-call, Right-of-way signs not
recognized, Failure of permanent markers, ROW patrols
fail to detect activity, Activity not detected by other
employees

Third party chooses not to notify, Third party fails to
avoid pipeline, ROW patrols fail to detect activity,
Excavation prior to operator’s response

Failure of permanent markers, Third party fails to avoid
pipeline, Excavation prior to operator’s response

Failure of permanent markers, Third party fails to avoid
pipeline, Temporary mark incorrect

Accidental hitting from properly indicated pipe

Table 10. Frequency of minimal cut set for the case study[10]

Frequency of the m. cut sets for each case study
Industrial estate(Ulsan)
casel: Case2: City gas References
cut set no. Non-Patrol Patrol once/day
Hit Freq. R(z;zi)o Hit Freq. Ratio(%) Hit Freq. Ratio(%) Hit Freq. Ratio(%)
C1 0.000291185 2.03 4.36777E-05 0.61 1.90598E-05 0.15 0.00796176 15.02
C2 0.009158895 63.77 0.002747669 38.45 0.003587727 27.71 0.0230472 43.48
C3 0.000101 0.71 5.06E-05 0.71 6.16448E-05 0.48 0.0088 16.60
C4 0.001013 7.05 0.000506 7.09 3.08E-05 0.24 0.0072 13.58
C5 0.003798 26.44 0.003798 53.15 0.009247 71.42 0.006 11.32
v. 2 £ 2] A ool u]a| EAIZRA 2| ojo] 13ufolu, B B

AY7R vl B SAF ARIIRIEZF 1000kmyear
0.455(% A1 7k 0.097) 2 A7k ofu] oF 5ul
< AoE YE

oHE ER Al gl ARIEA] Hite] oF 1/5
e vEhfa, SRNEE Ak g A8 4k
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Table 11. Risk of the other construction

Popula- Punctua
tion Damage | tion Impact Risk
density | area rate | probabil | frequency | rate
rate ity rate
City gas | g 1 35 | oote [037°0
pipe .595
High
1.69~13 0.009~0
presst‘xre 1 12 1 0.00582 763
gas pipe
74A 7k F ogd ZaERe] 2= 0009, 00168, H4
7t T YR 0} g3+ 0763
1Y 13] oA} &zho] AL Risk7}t EA|7bA0|
bsel 47kae] A% 27 B Gepon, 7t
Ay 7t 5 o, TRPA S 1/2005}] 5
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we mesks W BUE S hael Be
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