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Abstract — PSM(process safety management), introduced for the purpose of managing complex chemical processes,
has contributed to the prevention of chemical accidents, but has recently revealed its limitations. Recently, major
industrial accidents have increased, and in particular, Serious Industrial Accidents have increased rapidly in non-routine
works since 2020. It is time for an effective PSM operation plan. This study examined that FRAM can be effectively
used in the PSM operation process by using FRAM (Functional Resonance Analysis Method), a useful technique for
understanding and predicting human error and accident occurrence processes by modeling nonlinear and complex
interactions, to analyze accident cases that occurred in non-routine works, and to further analyze the process of

performing general PSM non-routine works.
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safety management)d| =5 %=8]3515131[1,2], ©]F PSM2 =] 3}
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Korea Occupational Safety & Health Agency)2]
APR A T T Q1] Aol 12X 3L
F - KOSHAS] Y- AFaLZeALR LA o] A = 7]
Aol tsto] HEARQI F71 A FHO R AcciMap
ARSI &2 Fie, Bl 5 B2 24 0]31 skt 9w 7t QL
AT ks, AcciMap 71> AlAEIOA] Q13 AL
71095k AL A=} 18] BAIE wisgEke] ALl E B sk
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Table 1. PSM 12 Elements

E3 FRAM®] PSM - Hiebe]] 33t oA+ 45
O % FRAME 83 45 ARE-st A7) Qlov11,12], tiH-
i A77F FRAMS 71 3}8hAtar -4 of] ojsh 28 7Fs/d el gt

s
= o] Ut} PSM % #g o 2 9] g
= vlEatt,

olof] & ATl A= 178 2F%] ((non-routine work) % 2HAY 3k
thardAtare] thsl] FRAMO & Aflelg BAle R a, tolr}
HEZ] 1 B4} 219] (non-routine work) =3 }°gf| t3ll FRAM
% PSM 128.4:3F A% A48 IS Ao 2M PSM Abax
! AE 9 g4 FRAMS] &8 72l disl HEstx
T},

A8 7hs el gt A
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2. O|EX HiH

2-1. SHQIMEZ|(PSM: Process Safety Management) H|=

FZoiabg b Al &9 2850l (H2042,
2023. 4. 28.)) °llA= PSMS FUIAIA L E o1 7o) Qe
378 ANES AAH | A &A 07 Aefst] S8 AR 7
AE AtaLe] 1 Q1S AFdel| WA Aol FuAgALLE A
AX o2 A= Axeta Fostar Qlt. =, PSM A7 -3 -
AHFEA 34 -Zuk & TO7 QIS AL o)y sk
AN - AH =AY s, AR B A S dEd v E 33
of thall e $13del Tt AlaBlA qbdake] Zgo|th13).

U PSM 7]322 0.2 w|=2] pSMO] AAE w231 g4
PSM K314 2] 2ol ot nbA ol W8-S g38kaL ol
QEAR 3141 8] AJE-4AF-2RR1 Ul o] Y AFEE 7} Foll et 11
SR TA] A2023-213, 2023. 5. 30.) © 23FA Table 13 2+
o] 12 24 = T4 ] Qlth. v PSM Table 29} o] <=2}
%o (employee participation)E PSM 74 QA F A Z 0 Z 17
ato] 13702] 2 g o] Qlar ek E 7} a3 A
(hot work)ell 3+ 3k1 QtH141= oA ) pSMF A4 2}o]

No. Categories Contents

Types and quantities of hazardous and harmfulness chemicals, list of hazardous and harmfulness chemicals, list and

Process Safety Information

specification of hazardous and harmfulness equipments and facilities, Process Flow Diagramm, Utility Flow
Diagram, Piping and nstrumentation Diagram, layout of buildings and facilities, explosive hazardous area and zone,

safety design manufacturing and installation instructions, etc.

Process Risk Assessment

Process risk assessment report job risk analysis

First test operation, normal operation, emergency operation, ormal operation stop, emergency suspension, operation

Operating Procedures

starts after maintenance, procedures for action if out of range, properties of hazardous chemicals, personal protective

equipment guidelines and procedures for exposure to hazardous chemicals, etc.

4 Mechanical Integrity Equipments and facilities maintenance class inspection, maintenance, etc.

. General hazard work permission, hot work permission, permission to enter and exit confined spaces, permission to
5 Work Permit ..

use radiation, etc
6 Contractors Business owner's obligation, contractor's obligation, safety work plan
7 Trainin Trainees, types of education, establishment of an educational plan, the implementation of education, evaluation and
& follow-up management of education
. Composition of the inspection team, inspection timing, preparation of checklist, inspection report, processing of

8 Pre-Startup Safety Review P P - 1NSP & prep - 1NSP port,p &

inspection results

Management of Change

Principles of MOC, normal procedure, emergency procedures, organizing the change management committee,
review items at the time of change, etc.

10 Compliance Audits Audit plan, composition of the audit team, audit implementation, audit and correction, documentation, etc

11 Incident Investigation Composition of process accident anvestigation team, report, action

12 Emergency Planning Establishment .of emergency action pla.m, emergency evzjlcuation plan, issu.am.ce of an emergency, composition of an
and Response emergency action committee, conducting and coordinating emergency training, Public Relations plan, etc.

Korean Chem. Eng. Res., Vol. 62, No. 1, February, 2024



46 KAy

= o

Table 2. PSM compliance audit category[15]

No. Categories
1 Safety management and employee involvement
2 Process safety information
3 Process hazard evaluation
4 Operating procedures and practices
5 Mechanical integrity: Maintenance procedures
6 Work permit procedures
7 Safety management of contractors
8 Employee training and education of process & operation
9 Pre-startup safety procedures
10 Management of change
11 Internal audit
12 Incidents investigation
13 Emergency preparedness

7} 9hek.

Ty o2]gk Apol el = skl PSME] del] Slo] PSM 7}
a7t AEAOR EAcs Zlo] ofyet A ZRAA
(process)T o8l ofok akar[14], F FH 2] ohe}k 21§ 4
T 2 Foll FH7E Hojof drhs AolM= Afol7h itk =
Ul PSM A=A E 127]) Q4F 7} Q4F A4S f7]4 0= A
wlo] A-gshes o] QT

2-1. 7|SEHUEMT7|H(FRAM: Functional Resonance Analysis
Method)
2-1-1. OJXJ-II(Safety-H)—Eg 71RES 2 3= FRAM
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FRAM= E. Hollnagel©] 72t 71" o]}, Hollnagel> QF ]
2 o}ql-S Qb -I(safety-1)7} QP -1l(safety-IN= 73t 7]1&<]
QFd-1o] 71HFek AFariA] 7]‘3’39— o] 2 (bimodality) ¥+ Oﬂ 1
Aol et Aol 1 A1 3go] vhErkar ek gk,
e AT Ao 991e thE A kar ohgk 71 wpg el x it £
© WEA ] Yo Aol w Arggitt. o]l g APd-g RE g 4
71¥o] FRAMe|tH17,18].

AIZE] A 7 07 7R F el AN AL S 2ellAlE TR
o] g5 1 & 71 F 3l FRAM[7,19] A1 AE 7)< W]

AP A o)1 Bt A5 2o BEslalo] Q1A 0w A}7) uk

Aets A B & olFstal ol Sete Ul =85 £ TH20]
FRAM> AA1% 2] (WAI' work-as-imagined)©] o}l A] A~ Elo]
AA 2 AL RAAY A3 22 (WAD: work-as-done)yS 2743}
o, ZQ3 MY A3hS AR o] s AREA 0 2 ZALsE
= EﬂE %]- t:f_:]_— 2= 011;]. 7] E_s]’ Ezl—fﬂ- }\]/‘\Eﬂoﬂ}\—1 /K]—j): xl&g].
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2-1-2. FRAM 2]} #-4 uhy
FRAMS- 24| eako] SHEo] Balo] 248 F11 gt} Auj s}

32 &5 *d(equivalence of failures and successes), =2} 21

Z7d (approximate adjustments), 2& (emergence) ¥ 715 &
(functional resonance) 5 4714 B3 Y2 7|WEO 2 S}l A|AE
2] 750 vl A oleh= HE gt FRAMS 17 A
of tjeF AR 14 Q0] AE HRAlS Al g A
A& G U Hed Ves AWete vl 8-S T
[22,23].
FRAM 442 UHEA] © 2 4iA| 2 o] Fof Tk, 19l Al AE 2]
1 54335} TAlo|th o714 7]5oljt A AReA o] F
= S50 %, WAL obd WADS} ¥ Aot
=< {19 (Input), =9 (Output), A %71 (Precondition),
A (Resources), A1 (Control), Al7H(Time) 5 6714 SHS &
sto] EAFSITH24]. 29 A= 7152 HEA sleb dAloth W
373 getellM Fogt A 7 758 YO R g HEAo] thE
71558 Ws/del ojd ?'é = Tl itk 39 A= V)
5732 shga ) 24 tAlolt), o7 A= 7] MEAd Y Mo
(spread) 7Fs/d = J]'Oﬁ% J_’—, Axglol Asdes #E e 5
& AASH B s £ gt 28 A ehR e 4
T1s WE7del 7Inkst ‘3H SHRE RAPSH= TAlo]T, o] ThA|ol A
FRAM=Z tf-§- 2k 2 7FA](monitoring)2} $+3}H(dampering)S- A
QFsiTH25].
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2-1-2. PSMl| FRAM®| &4 7Fs4

A28 Ala B4 7)1 ol = ok A F3F AcciMap, STAMP,
FRAM -5©] tjaz#o]r}, AcciMap% Rasmussen©] ¥zt 2 Elo]
AR (EES] D A7)9 Q13 5F-S HolF= B Al AU .E
aF o7 FHIITHS,26]. “§5-(Government), TFAIAH(Regulators,
Associations), &JAHCompany), 7 % ZH(M.anagement), 32| =} 4
2] (Stafh), 2H5 (Work) & 67H2] 2] F=ell X1 €] A7} o] g7
ZA Abarel QS 7IHAEAE Wl dl f-8skvh26]. 1Ev
A AHG- A o] F-Eato] A7 dnte] AA o] Hd w9
o] A= el P a1 AArH27,28].

STAMP+:= Leveson©] W gTH A|AE 4] Q4 7Ho] 45 2
3 2] AlAE ARk HA ARREE Alo] WAYS 250&
9k Aok 7|HE Zello] o) STAMPE: AFalE Qb A g Aok
Z78] FAAEs FA 7|Jsks A 0E 3 STAMPE Al
2le] A Alolgtzell AX ¥ I xg) AbLE Z g A
01 NJH 7]—‘/] /K]—_Q_ZL_Q__“ E_o% _,_1;]_ 29, 30 S| 74] ) T':og =
oﬂ,q /\]/\Eﬂ o]_zi ;{1]01 H}_o] A}__L_oﬂ ] ]‘— inL__ v‘i‘}‘q@l’
tH29].
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12845 AFS E Ao/ a1 07 FaE]o] AF-
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FukAbae] oisl Ttk oAl @G [aE
BTt A204%, 2023. 4. 28.]1 oA = TARAPAR A, Al44
Zol M FAHMARIA AZE oY AN 25E AREL FE,
sl 9 F:d T o' Qlato] AR W] EALA SA] FE
FAG A QI A el FallE & F U ALEA TARREA
B2 Al ) Al4332A4)3F ) sk T S-S Alaretar
gelatar ek, 22 A ellA] A9zoll M= sFstALaLE t ],
YAEA, AL GE, Sl E 4711 )] 98] “F oAk
Ak, <F st Agh, <1 5he] s harE ek, STt gAkaE
YA 7S BFE T Alagtar stk

2 AT E 1L eT5-] FulAIAL FA19F KOSHAIA
24t SURRIAI R IA S B Z AlaL B4 W AL 248 5
AT 20141 3¢ 12 AR RN Alss HE 102 /)
o2 2§ 9] 9l PSM thd Eo] Fjje o] F4-E 2022 2
7HA] B S ZThakiAL T F 108712 A= vhY #3kLe Fig, 13}
2ok 18 FUAIARL B T AR EAR A SollA] 1]
A7} HAYEEA] ok A0 FRlE 1712015 2Hg)el] tial]
AelMs TEuibAlaL AYAE 37 5 o] A 2ldl ue) 5
akdALar FAA A 2)Ek3ict.
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2014 2015 2016 2017

3k FRAMS] PSM 8- HJQto]] 73t A+ 47

A ZUrdARL 2 117824 2H (non-routine work)ell A 2HAY
S AR 377 0% 34.5%0] adsith. 12 Fig. 1o vERd nf
o} 7o) 2019 o] % H7gAd A ellA 9] Abar o] §43] T2
3I3ltt.

Fig. 2= B4 A dolA A SHATgALILE AR AR 3
Ao Ug-g 7] o ® B 421 PSM 128 4R - 7aHolth
57 715Q1 Table 32 T3P 1A 9] AlZ AARER] Yl o]F
JEE 7 Soll #3179 5, KOSHAS] PSM #7143, T8
QPR A 2P AAA S [311€] Wi-g-ell whet 28T, ofu vl
3 2% (non-routine work) & sk Alazell= ], B 24, 8t
S| e} 7 &) o] sz grE] W 4 55 fIste] alE A
& FalskAY sl Adul ] Uitell A 2, 7] o & 3] flst
H 5 ARl 3 4 A 2o A4, A BaE 98 5
2] oA AT AL E E3tekgick e A3 AnlE Sls
A1 M| 7hE FA A (8] 23l Aol FRkE = A
A2)) 5 BAYSE AbaLE Al 218t

PSM 1224 ¥ & Al gl #He® 2 4+ 2913 7H(Work
Permit) 3471, 24 1]3-%] & 2] (Mechanical Integrity) 3071, 5%
*J3 7}(Process Risk Assessment) 2871 501t} =, B4 2ol
A1 248 7Y, vl A e, 38T a4l FA s
o] Apaze] & gjlo® FlHgit.

N

=

o

19
15 14
1" n 12 12 12
10 9 9 10
10 8 8 87 8 7
6
4
5
. HNH NS Nom B0 NN ROm

2018 2019 2020 2021 2022

mtotal mroutine work m non-routine work

Fig. 1. Status of Serious Industrial Accident (2014~2022).

Process Safety Information I |4
Process Risk Analysis I 5

Operating Procedures I 2

Mechanical Integrity N 20
Work Permit I 34
Contractors IIIIEN———— |4

Training I 4
Pre-Startup Safety Review M 1
Management of Change IS 5

Incident Investigation N 2
Emergency Planning and
Response

Fig. 2. Classification of causes by PSM 12 elements (2014~2020).

15 20 25 30 35 40

m number
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Table 3. Classification Criteria for Causes of Accidents by PSM 12
elements

=

Design defect

Harmfulness of chemicals
Explosive hazardous area and zone
Ground resistance management
Installation of a gas leak detector
Flame arrester

Wash facility

Process Safety
Information

Risk assessment

Process Risk Job risk analysis

Assessment Hazard identification
Operating Emergency shut-down, emergency operation
Procedures ~ Work handover
Maintenance procedures
Mechanical ~ Health working program for confined spaces
Integrity Equipments and facilities maintenance class

Check & maintenance

Safety measures before work (gas concentration
detection machine & equipment Grounding, pipe drain
&discharge, etc.)

Work Permit ~ Work permit issue
Designating work supervisor
Wear protective equipment during maintenance work
Explosion-proof tool use

Contractor supervision

Contractors  Provide risk information
Contractor Training
Trainin Pre-work Training
& MSDS education
Pre-Startup . . .
Safety Review Pre-startup safety review skip and operation
Management .
of Change MOC procedure skip
Incident Missing accident reporting procedure

Investigation ~ Not share a accident case

Emergency  Emergency evacuation route
Planning and Emergency measures for exposure to dangerous
Response chemicals

lfﬂ 2014 ©]3 WrAsk u]]A}qu}J_
Ao AFEE TS AT R, BE ARTL] FA42- 7E A
0% ST B A e kAol o8 B4
3Jsl & F714 © 2 RCA(root cause analysis) 7|H-& AH&-8F 79
Fault Tree 7|55 AH&-3F 74971 173, AcciMap 71 =
ARG 78‘—r7} 97101tk

10871e] thgk AkaL

0—1)

[o

N
-
wi
~
F)L

3-2. HIFA ZA0f|A2| whilst SOiAIIAITC| FRAM &4
3-2-1. Ay A7
2 A= gAolM AR s
Z A SO A IE AU e R AT Wﬁ‘r °1§W
Z o] v 2] Y-Strainer A& 2 = A3 YA IS FA]
ST o] 8t Alals PSM Fg oA &3] WAsHE Bl LAy &
HellA B 5 Q= %?%2& Aol Al PSM 128247} A1 A
ofgA % AEsta JeAE AT = UHkAd At
T ogeelch oz ugd A4 T B Sk Aba 37
A F 3 = 3A-Fd A 133, T AL 113, 7 E AR
1371°]8ltt.
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3-2-2. FRAME 83+ Ao 54
-Alahe

Xxd 119 7 o7k A7k el 0003-732] PSM A2H|?1 F§F
732 WAl 3] H o] EESeA A o Bk w ol
go| 759} X‘?jﬂ»‘é—ol A AAE AAIs A, Al 54
w9} WAl 3] Z Ato] 9] Y-Strainer”} o] = AR 13ke] BHl
Z& BRI, o]l Y-Strainer 1] & AAISHA H AT

fjkel] W8 (Al +z)0] iz el Y-Strainer S} SN

2 A% Qe WA ek F NgT@Eo] gl B9l
Al A4 viete] rassion, W 2 glol A% A9 e
Aaeith Y-S eastol Y4 F A% JNE WAL V-

Strainer Aok 2 T A LAY 0}04 A Fold TEAF
rgo] s Al A3

- Y-Strainer 0] 24 #HA 75 =F

Aol I Q3 718 AR KOSHAS] Al A A4, 182
B9 G AL AL T AE(FAPE TR IA, oA, e
A &), AL ZAF Foft 9 AQ1AF e 52 Fal el

S AFAA WADE WP 2.2 7] 5 (function) S =&AL
WHE5/d& vho}slo] Table 48} o] A elakgivh 4 i<l Y-
Strainer “JH] ZFd A= Al7H(time)S HA-gAdol H S 4] o
Ska1, &4 (precision)o] A FES wHTH Ak}l BAE AL
HE 7150l F3 2d2] A (precision)ol| 4] WA o] wAa}
Atk FEEH - 750l G R E AT o] g 7
59 g get Yo R gk wsAo] Alasl T E Sles

o

(¢

- Y-Strainer 3 4] 4] ® 2= (modeling) 2! &/J3}(instantiation),
Atal AR 24

Table 49} #o] =49 7]5& B9 2 2 FMV Pro (FRAM Model
Visualiser Pro) ver 2.2 X 2 7388 AR T dlg] 2HQ]-8 =3Y35}5 T},

o5 A Ak Abe] 415 F3l FRAM 295 Fig. 37 o] &
7&8lslltt. Fig. 3014 FE4 3 H2M 082 FA1E 752 Akl
AR A of| A AR A Q10 2 ERIF Y]Fo|t)t. 53] FH24

] /\]-_TL tﬂ—/\g (§],;H HL@)J Z] 14 4 2]olo 1:]_ ‘:flﬂ‘ﬂ(dram) 51'—

7]
210
el Q13 =42 28] ZA8kA] okof upeel] FEHA| WA
el P 35 ARSSke] Aj1sk B At R
ot}

71&2] A A o5t ¢l o RS T AYH Az
Al A AM = Al YR1S FAlEHE Al B =4
A= 1|1k, FRAM 249 ¢]] oJshd 574 9] 8t 7]5-S o
3] =&t 2ke 19 (input), A 227 (resources) 5ol 3l
75l MEAdo] AstA AFLE oWeby] ofHrkE Ae ¢
ULk JAA{FAIE v O E ok AP A FAE ek AB|EAR A
Aol mp=m, Ak g 10w A5 7%‘?1 A 1 o] 443
FRTA A7 HAEEA] 99k Fl0] 5 UE 5 ok
18U}, FRAM #2439 231 Fig, 391 EOW% ule} o] 244
A0 55 T8 R ste et w2 ARz
(precondition)el] 3 Feh= FHA A A4, A3 B 7L, )=
AARFA so] 28] LA QAghrhd, =, AR el sdeh=

715 ollM Ws/do] ZA AT, AFLE e )& ol Hke
A& BRI 4= Qi wF e y-go] kst 2] el Qs
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Table 4. Functions and possible output variability of the accident

O E
=

E3 FRAM®] PSM - Hiebe]] 33t oA+ 49

No. Function Actor

Possible Output Variability

Description

Request to check the pressure on the discharge

! side of the benzene recovery pump

Organization

Time-Not at all
Precision-Precise

Background function

2 Plan a Y-Strainer cleanup Organization

Time-Not at all
Precision-Precise

Set up an explosive hazardous

Time-On time

Not set up an explosive hazardous area and

3 Organization .. .
area and zone Precision-Imprecise zone
4 Perform risk assessment Organization T{n}e—On tlme. Not enough risk assessment for explosion
Precision-Imprecise hazard area and zone
. . o Time-On ti . .
5 Prepare safety maintenance procedures Organization ime-tn time. Improperly include risk assessment results
Precision-Imprecise
. Lo Time-On ti .
6 Issue Work Permit Organization ime On tlme' Improper Hot Work Permit
Precision-Imprecise
. . .. . L Time- i ..
7 Provide safety training and education Organization ime On tlme. Not enough MSDS Training
Precision-Imprecise
. Time-On time . .
8 Supervise the work Human .. . Not appoint Superviser
Precision-Imprecise
. . Time-1 i .
9 Use appropriate tool & Wear protective gear Human {me-mprecise Not wear protective gear
Precision-Imprecise
10 Shut down the facilities Human Time-On time
Precision-Precise
. Time-On time
11 Perform LOTO(Lock-Out, Tag-Out) Human .. .
Precision-Precise
. . Time-On time Not check for removal, cleaning,
12 Drain a pipe Human .. . .
Precision-Imprecise and residual
, Time-On ti ,
13 Detect gas concentration Human ime On tlme. Not detect gas concentration
Precision-Imprecise
. Time-Tt | S .
13 Clean the Y-Strainer Human {me-100 carly Not appropriate in performing tasks
Precision-Imprecise
14 Perform Pre-Startup Safety Review & Organization Time-On time

Complete the work

Precision-Acceptable
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No. Function PSM 12 Elements
1 Request to check the pressure on the discharge side of the benzene recovery pump Operating Procedures
2 Plan a Y-Strainer cleanup Mechanical Integrity
3 Set up an explosive hazardous area and zone Process Safety Information
4 Perform risk assessment Risk Assessment
5 Prepare safety maintenance procedures Mechanical Integrity
6 Issue Work Permit Work Permit
7 Provide safety training and education Training
8 Supervise the work Work Permit
9 Use appropriate tool & Wear protective gear Work Permit
10 Shut down the facilities Work Permit
11 Perform LOTO(Lock-Out, Tag-Out) Work Permit
12 Drain a pipe Work Permit
13 Detect gas concentration Work Permit
13 Clean the Y-Strainer Work Permit
14 Perform Pre-Startup Safety Review & Complete the work Pre-Startup Safety Review
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