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Abstract : This study investigated the probability of possible accident through qualitative and quantitative analysis of the pressure safety
valve types installed in facilities using high pressure gas to compare the installation domestic and foreign pressure safety valve standards
sought the safety characteristics and safety improvement direction accordingly. The three types are the case where the shut-off valve is
not installed at the front of the PSV (Case A), If a shut-off valve is installed at the front of the PSV for inspection (Case B) and If a shut-off
valve is installed in front of PSV (C.S.0), PSV is installed in parallel (Case C). Three types of cases were compared with FTA and
HAZOP. The results of study of the possible accidents due to over-pressure safety valve installation type, used in a high-pressure gas
facilities was shows in the following order Case B > Case A > Case C. The results of analysis through FTA was in order to protect the
reservoir for the possible occurring of accident the safety valve installation is depend on its type. In the FTA analysis, defects in the
device itself which attached to the storage tank as a substitute for analysis of the probability of operator mistakes was Case B with as high
as 2.01 x 10, Depending on the type of installation analysis of Case B in order to ensure safety is prohibited to install shut-off valve and
believes that mandatory regulations are needed. Rationally installing of pressure safety valve in the high pressure using facilities will be
expected to improve the industrial safety from severe accidents such as high-pressure gas fire explosion.

Key Words : high-pressure gas facility, pressure safety valve(PSV), shut-off valve, risk analysis
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Table 1, Safety valve installation regulations used in high—pressure gas facility(korea
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oj5te] Tk ALGAIA QR )71 7
B3] 95te] ISO 4126(Safety devices for protection
against excessive pressure)2] Partl(Safety valves)a} Part6
(Application, selection and installation of bursting disc
safety devices), BS 6759 Part3(Specifications for Safety
Valves for Process Fluids), NFPA 58(Specifications for
Safety Valves for Process Fluids), API RP 520(Sizing,
Selection, and Installation of Pressure-Relieving Devices
in Refineries)S A Bt HEZATL Table 204 =
L ouhel o] BE oA MRS HASES
Qslkar Uit 18] 3l BS 6759 Part3, NFPA 58, API
RP 5200 4= HwEe} same HER AdstE
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4 Qs Q511 QT Car Sealed Open).
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)6,7,8,9,20)

Occupational Health and Safety Act

High-Pressure Gas Safety Control Act

Article 23 (4) of the Occupational Safety and Health Act and | The facility standards and technical standards for the manufacture, storage and sale of
Atticle 266 of the Occupational Safety and Health Standard | high pressure gas in accordance with Article 4 (4) of the Act, the facility standards and

(Prohibition of Installation of Shutoff Valves)

technical standards for the high pressure gas import business pursuant to Article 5-3,

The employer shall not install a shut-off valve at the front end Paragraph 2 of the Act, The facility standards and technical standards of high pressure
or the rear end of the safety valve. However, a lock-type or | €as transportation vehicles in accordance with the following paragraphs are as follows.

equivalent type shut-off valve may be provided in any of the | “High Pressure Gas Safety Act Enforcement Rules”

following cases.

Article 8, Article 28, Article 30, Article 31, Article 47, Article 48 Related Annex 8

Facilities, technology and inspection standards for high-pressure gas storage and use
I. Technical standards

F) Stop valves installed on safety valves or discharge valves shall always be fully
open, except when specifically required for repair of such valves.
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Table 2. Safety valve installation regulations and codes used
in high—pressure gas facility" 231420

@ (b) ©
Occupational Health and O O O
Safety Act(korea) (C.S.0)*
High-Pressure Gas O O
Safety Control Act(korea)
ISO 4126 : 2015 O
Partl, Part6
BS 6759 Part 3 O O
NFPA 58 O O
O
API RP 520 O O (CSO

(a) Installation using a high-pressure gas facility safety valve

(b) Safety valve and rupture disc installation serial connection

(c) Shut-off valves can be installed at the front and rear of the PSV, but
only when installed in parallel.

* Car Sealed Open
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Fig. 1. Schematic presentation of risk—based inspection planning

procedure’®®,

Installation Date RBI Date

=l - 9 HEE AA7E 9 HHFTE vt
23, S AR ariaqd e &

Z] o¥1 glrh B3] API RP 5200]4%= HI=A] CS.0
ZAE Sl Q3L Qglont, I uYTEAeHd
Fegel e ANdAAE oFetstA] o gle] v

o] ]
=] =
717t det Aol ek Tkt M3 diet
AR =7E "oA b Egos ool 4= glrk uf
2ha A= Qe A7l Aol dasith

3:0

3. Alzfledt

3.1 2|ATEA diH

IQA7ES AREAIE W QP E AR R g
£ H|uE43517] ¢J5te] HAZOP(Hazard and Operability
Studies)?} FTA(Fault Tree Analysis)® -2 2]-8-3}31tt
3ol A bzt Ttotsly] Sig %
o2 o3t HAZOP2: 574d7|9] 54 oRRE o]
Yol me olg4T are] BARE Blsiy) Sig
AAA QD AL EAlolty. HAZOP f+(Flow), o9
(Pressure), 2% (Temperature) 52 574 W4~ (Process
parameter)?} No, More, Less, 52| 7}o| =% =(Guide
word)E =Rt o (Deviation)FE oA -3l 1221

R =
o o Frclele EHstel B4 S o= Aol 9
oH. HAZOPS 3f stobel fai9ld s & <A
WEot BAFAE AP0 R QT +E W Fualus



o 5 Sk uebA] FTAS S9) 3ro @ <lgt A
S BHS ARl 314 A es ®
on} Abe] 9 AEYEES BAs

3.2 a3y Mg
AR el A 7R ARATE B LPG AREA
Aol i3t FAEHI} 7HE e RS By o
= Saskoict dshad g U7k Sl 7t
durA oz ARE AL Qe BEOIHA A3, F
o7 QlF) W Alaryl wrAEkT Q) Fig 2= Al
T Zadt AgAAY =S Hojzoh Al HE
ERE] thAZA o2 B3 2 g(tank

Aol EAIE FEZ
IOYYY)E—‘TLE} HEO [ PGE AEA|A Ao AAst
FTE3= A Eo|H, Fig. 29

A
._.—_]__

b

ox, oX

2 e

T, e has 3
A1 HZ=o] LPGAFE-A]d 9] #1787 (Storage Tank), 7]
3}7](Vaporizer-1, 2), A, WH, bW E 5 7k
w2 ol 9k ol 3
Aan AR gEY 2AaRNe ANSt 1}
2 AFGAAOA] A7 B2 LPG(propane, butane)o]
H, A2 0.7~0.8 MPa, A2 5= 5~30TCo|t}.

H =
T3 AE7Ne] B QU 7L domelck

710 7]_/\_9_7] = Z/\l oz o]—

|G.L +5.0M

VAPORIZER-1 VAPORIZER-2
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Fig. 4. Cases for Safety valve installation type™.
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JY=9] FA F Bl R GFo] o) Wmfol W EAF T S ok mokE AmAeles uhge
e wj o] og2 7Hgsklen, 3714 CaseoflA] ¢H4 & Fig. 59 o] FTAS +33F3ith. LPGAREAE 9]
ool QA Ao Qg AAEr]e) e B FH JARE TFeAS FAAFeR AAste] HAZOPS
ofefoll oJgt o] WAYSh= AS vl A5 ol motd A¥E v o g 7|EAM(basic event)ol]
shaMiy AFo] 9919 AL s rAAGFon  Zete] AL M4 S FTES shgith FTEA
7141 AL Tt HHA 19 s IS o= AY7FEAREAI A o] ShmlE HA] {3
2 215l ATE UGtk Ea Case B Aol 3 ¥ AlLteleS A8k J|RAM] ngEo] Hop}
oF WPy A] obxhulE AP AT Wak ofuje) oAl 1 WY And Gate, Or GateZ e} F7bAbie] wbaehs
ool Apeh e AR = QIRh 234e] Fof e, Ahehl = th5at ol AFstaL, Alo|Eof thskei= And gate
B AHATOR Qlste] AR TF ZHjo] HkAY o] Alxke 2] (1ell, Or gate2] A4 2] (2)e] LrER
S oPdMlE )5S sk AakE Zdlsidck A
Table 3. The result of HAZOP for 3 cases®
Deviation Cause of deviation Consequences | Existing controls Possible action Comment
Pressure More | 1. Safety valve(PSV-1) fails closed Storage tank None 1. Consider high pressure alarm Case A
overpressure 2. Periodical inspection(monthly)
/rupture 3. Testing every year
1. Safety valve(PSV-1) fails closed Storage tank None 1. Consider high pressure alarm Case B
overpressure 2. Periodical inspection
2. Shut-off valve(V-1) closed by human | /rupture 3. Remove or cs.0 of installed Shut-off valve
error or V-1 failure As above
1. Safety valve(PSV-1) and Safety valve | Storage tank None 1. Consider high pressure alarm Case C
(PSV-2) fails closed simultaneously | overpressure 2. Periodical inspection(monthly)
/rupture 3. Testing every year
2. Shut-off valve(V-1) and shut-off valve | As above None 4. Remove or cs.0 of installed Shut-off valve
(V-2) closed simultaneously by human
error or valve failure
Less | 1. Safety valve fails open Release to None 1. Consider detection and emergency Case A, B,
atmosphere planning and C
2. Filling hose ruptures As above Operator 2. Periodical inspection
action 3. Check integrity of hose and quality control
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Aol WS e tel= vl= sheka ek
AIEJ(CCPS)2] ‘Guidelines for process equipment reliability
data with data tables’ =¥} AFGAO A EF5EAL Ql=
318 HolEE M85t Table 41 FTAS] 8¢t 11
A8 vlo]e] AAISHL 9o, eaEe] “Fails to Open
on Demand”¥} “Failure to Reclose Once Open” 27}A] 117+
of oiet TATES MEsto] FTAZ 24 - n]malgich

Alue] @of| -85 FTAE Zete] oJgh &2 54
oz AXtE It 3 HAZOP HEZAM yehd 4= 9l
= A3 (Consequence analysis)S ©] Lo A= 3
42| Aluele o] eaka] erokh At Folg
ZA02 714 o, HWlx=E X (Frequency analysis)
AEE 7|EAVSe R B o) A, FAA A
o| A Agh, FHA| AR, bl E el Ak, 4
A4 SO etk 71BN SEGE And
Gate, Or Gateol| we} SIHAMY TAEES ALlsh=
S AA 2 Cases At Aol 2185 Hefez
olgt F&7HS AUk Case A= 2.33x1072 UEPGS

Table 4. Description of basic event, failure rate[Means]’®®%
NO Description Failure rate Remark
2 12E-04 Fails to Open on

Demand[CCPS]

01 | Failure of safety valve
Failure to Reclose

Once Open[CCPS]
02 | Failure of valve(Stop valve) | 1.61E-03 |Fails to Check[CCPS]

5.18E-03

03 | Closed by operator error 1.00E-06 | Engineer judgement

Fails to Open on
Demand[CCPS]

Failure to Reclose
Once Open[CCPS]

05 | Failure of valve(Stop valve) | 1.61E-03 |Fails to Check[CCPS]

2.12E-04

04 | Failure of safety valve
5.18E-03

06 | Closed by operator error 1.00E-06 | Engineer judgement

07 | Loading human error 1.00E-03 | Engineer judgement

08 | Failure of pressure guage 1.00E-04 | Engineer judgement

09 | Corrosion of tank surface 1.00E-03 | Engineer judgement

10 | Tank failure 1.88E-04 | Engineer judgement
11 | Failure of pipeline 1.00E-03 | Engineer judgement
12 | Pipeline corrosion 1.00E-03 | Engineer judgement
13 | External overpressure 1.06E-02 | Engineer judgement

* CCPS, “Guidelines for process equipment reliability data with data
tables”, 1989
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Table 5. Result of risk analysis'®??

Type Strength Weakness

- Industrial Safety and | - Periodical inspection or
Health Act compliance | if failure occurs, drain

- Prevention of Human | the content of vessel | 2.33x107
Error 5.70x10° ©)

- Protection of storage
tank

Probability

Case A

- Failure to comply
Industrial safety and

- Safety valve test and i | o Aot additional | 2.01x10°

Case B| failure occurs, can

. regulations 7.47x10°
easily block _ IF accident have
serious damage
- Industrial Safety and | - Increase of installation
Case ¢| Health Act compliance | cost 3.66x10° ¥
- Protection of storage 507x10%

tank

% Pressure safety valve(PSV) fails to open on demand.
Y Failure to reclose once open pressure safety valve(PSV).

1, Case B 2.01x10°, Case C= 3.66x10° 2.2 A Alg]
At whEba] ITEA ARGAJAS] AX]E QP E
ol wet Al HREES 2 AolE HojErh
Case C&} o] HA|d 7% HAAdS 7 =4 &1
o 5 e AeE Uyt EAAE 2965hd
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Hatsas, SHAARIEA 7, A71REARY] 8old,
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T= AT v o5t k2 9o]9 sfeF Af A
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PSVE| 1 H 7L opd 4=y EAIPLL)YE 13t A
TAE, A FHF7EHet S3tE JAAF71E Al
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Ao W Aefo® QE Ale] wAvks o
2 Table 59} o] EXAMZ A Hr}. Case A9
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Fig. 5. The result of FTA for 3 cases®®%,
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