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Abstract — There is a lack of knowledge and information on the understanding and application of the Process Safety
Management (PSM) system, recognized as a major cause of industrial accidents in small-and medium-sized workplaces.
Hence, it is necessary to prepare a protocol to secure the practical and continuous levels of implementation for PSM and
eliminate human errors through tracking management. However, insufficient research has been conducted on this.
Therefore, this study investigated and analyzed the various violations in the administrative measures, based on the
regulations announced by the Ministry of Employment and Labor, in approximately 200 small-and medium-sized PSM
workplaces with fewer than 300 employees across in korea. This study intended to contribute to the prevention of major
industrial accidents by developing a facility maintenance web program that removed human errors in small-and
medium-sized workplaces. The major results are summarized as follows. First, It accessed the web via a QR code on a
smart device to check the equipment’s specification search function, cause of failure, and photos for the convenience of
accessing the program, which made it possible to make requests for the it inspection and maintenance in real time.
Second, it linked the identification of the targets to be changed, risk assessment, worker training, and pre-operation
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inspection with the program, which allowed the administrator to track all the procedures from start to finish. Third, it
made it possible to predict the life of the equipment and verify its reliability based on the data accumulated through the
registration of the pictures for improvements, repairs, time required, cost, etc. after the work was completed. It is
suggested that these research results will be helpful in the practical and systematic operation of small-and medium-sized
PSM workplaces. In addition, it can be utilized in a useful manner for the development and dissemination of a facility
maintenance web program when establishing future smart factories in small-and medium-sized PSM workplaces under

the direction of the government.

Key words: Process safety management (PSM), Small & medium sized workplace, Facility maintenance web program
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Table 1. PSM compliance audit category[10]

Num. 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

I Process safety data
i Process risk evaluation
report

@

I Safety operation plan

l O]
1
J\ Emergency measures plan

@

Guidelines for safe operati ]@

( Checkup -Repair - Maintenance)

[ Mechanical integration ] @

Approval for safe work permit ] ®

Subc |®

Training plans for workers ] @

Pre-operation checkup ] ®

Self-audit ] ®

4[

[

(

[ Management of change ] ®
_(

(

Investigation of process accident ] @

Fig. 1. Elements of process safety management system [4].
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Fig. 2. Status of PSM Workplaces by Grade [11].
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Fig. 3. Grade distribution by the size of PSM Workplaces [11].
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Fig. 4. Types of administrative penalties associated with PSM from 2017 to 2020.

Errortype of work permits

Missing instructions

Missing operating instructions

Missing Permit-to-Work

Missing Worker Training

Omission of pre-safety measures

Missing gas measurement

Fig. 5. Error type of work permits.
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Fig. 6. The flow of a PSM facility maintenance protocol.
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Fig. 11. An example for maintenance management of equipments using technologies suggested in this study.
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2¥¥%  =¥¥H Propose Equipm EQuip  Equi | Main L Equipm JRA
r entno .'3:?: s Con}ten e ch%l;:;e field worker field worker = e Bd
S0 class PR
20211045 | R BFOIA | FDFAN | €82 gog HTHs X X X
2021-10-15 s;?;-;f BF02A  FDFAN = CS3 HTES Hgs X X X
w2r1005 | S BP0l | FDFAN | CS2 H2gte e x x x
2021-10-15 g;?f_.f BFO5A  FDFAN = CS3 HTES HIES X X X
N HULpy
mons | ot soom =T esE EEEN tzes x x X
oizh
2020-11-13 i’?ﬁ? BF08A = FDFAN css HIUS HYUS X X b <
REETE
2210702 i?&;‘f 80024 (1":;;‘ ., es=z H2gs H2pe x x X
oish
UL
azors | T soom o, es2 #2ie = 42ee X X X
ofsh)
Fig. 15. A Screenshot for the search of history list.
Preparation of a change request
@ Create
Change request Preparation quide for a change request
Senial number  AmChenge-Chericl Conaing Dt 2- (006 0 o
Pr | dat
R Nomrel ﬂ"s!_iummmmddrg_m;;bfemmm
Om;dassrfcanon & Norraldhange ) Tepoary dange ) Emengency change w;‘mhiz:gm::wmw |:‘:mﬁm
Expected recovery date
atys ¥ Pooes O Compiemd ) Fgaion 0 Dby
0 Change grade
Reasons for rejectionydelay Grade 1: Expansion of process equipment
Gl:ge Z Change or production of equipment in a single process
Grade 3
Kim Young suk -Change of a process container, storage container, or apparatus, and firefighting equipment
Proposer 6 -[ncrga?se or decrease in the amouﬁ;agfesuhstances in mrocess i
Proposal Dept  Chemical Consuting Degt 2 ~Addition or reduction of a safety device
Changes
Change grade
Supporting doumentalion  Reeeer] N selecied e
Formviaw of changes
Form of a change request
Completion date
Process sk assessment e Nosdeisd e No corepordng
Worker training assessment Fesion Nosleced il
nepaction Ui before 0peraton e Noséeced e
Fig. 16. A Screenshot for the creation of a change reqeust form.
A A Aol WA .S A et defaks A9lEAt, vz o7 AlEske = Qlek. dnlE YA Ao s WAk ¢
9] pael] st B ARE FR 49 S BRF AN o= Byel gl ke Aulslel F4 w5 wS shich
o] A4S S 7 vk WA S Fal AT, A E g WAl dest ARE 55 4 Qlan, WA 7t Sl
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KT7294AB0@ - o PN =S 89%0

each | &
P o sample.kpsm.kr O
e You have already taken the exam once.

g

pmmmmimees If you click the Take the Test

[ — button, you will be treated as if

5 you took the test even if you close

Pepacion of 2 et bem

the window in the middle.

@ You can access

it on your mobile

through QR
codes or on your
personal PC.
[ Wolerarrg rarsgert
& Poes et ¢

< > 6 ¢t o D

< O 1}
Fig. 17. A screenshot for the mobile-based test.

dhat A Fol=g AN .

wa, W AR, WA T, ol el A %
A5, AW U B AT FHet] 1YWY 52 H1
% Sl gl ol e A%, 9, el o) AW 5

Search Q

# Home

Administrator Training Results Report
Setting

1.Evaluation Overview

Evaluation target: Technology 1 team
Number of evaluations: 13

Work order >
management

e

KT7294AB 0@ -
e sample.kpsm.kr O

o

o RN 80%0

DA PSM 14 RUANET 12 You can =clect
1. PSM = =
ol of BRI the "Apply
button yourself
or click on the
(O LS answer sheet
@JM}AE} below.
@
(@ #=uot
[60@6®
ANONONONO]
0000
OO @
5 0@ @
0@ 06 e
< > e ¢t o 2D
& O 1

Machinery > Lecturer: Inso Kim
management
Management of> 2. Error rate analysis
Change No question answer rate of wrong answers
Self Audit 1 What is n7ot a hazardous material subject to PSM in our @ caustic soda 13%
management companys
Education 2 What is the definition of flammable gas? @ Substances with a lower explosive limit of 13% or less 30%
management 3 | Where is the explosion hazard area in our company? City gas static pressure chamber 17%
p pany g p

Risk assessment> 4 | Where is the first assembly point in case of an emergency? | @ security office 10%
management

5 | Where are flammable gas detectors installed? @ City gas static pressure chamber 20%

Pre-operation Y

inspection Of the 55 people evaluated, the highest level of interest was four questions and the lowest level was two.

management 3. Evaluation analysis result

Report > | No | Department score name Number of exams
management

Fig. 18. A screenshot for the mobile-based test results reports.
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