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Sangduk Kim
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Pukyong National University

Abstract

In 1996, the Industrial Safety and Health Act was revised, the process
safety management (PSM) system for the prevention of serious industrial
accidents was legislated, and the risk assessment for processes related to
hazardous substances became mandatory. The scope of the risk assessment
was extended by the KOSHA18001 certification system — autonomous safety
and health management system in KOREA - implemented in 1999, and all
the domestic work places were obliged to carry out the risk assessment in
2014. Since the power plant contains a small amount of PSM substances,
such as hydrogen and ammonia, it 1S necessary to conduct a process risk
assessment. Depending on the type of work, risk assessment is carried out
in the technical field and the office field. The technical field operates and
maintains the power generation facilities, and the office works to support
it. "A"” Power Generation Company has business sites distributed in each
country. It is difficult to make a relative comparison between risk factors

and risk assessment results for each workplace and each work due to the
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different risk assessment techniques or procedures used for each workplace.
Therefore, a standardized risk assessment system that can be applied to all
work places 1s needed to prevent accidents and disasters. A standard
system that can be easily accessed and utilized by all employees is
required through the introduction of techniques appropriate to the type of
work such as facility risk, job risk, and policy system risk.

In this study, the problems and improvements of the power plant are
found through the interviews of the safety personnel working at the "A”
Power Generation Company and the case analysis of the excellent safety
management organizations. In addition, by using the element-specific
matrix technique, the risk assessment differences and improvement points
of each workplace are derived. Through the SWOT method, eight tasks
are selected: standardization of risk assessment techniques, simplification of
risk assessment tasks, strengthening safety monitoring using Big data, and
strengthening management of safety activity performance targets (Key
Performance Indicators, KPIs). These eight tasks cover the overall
improvement of the risk assessment task. Risk assessment methods, risk
estimation, and standardization of risk criteria were selected as priority
tasks through a preliminary questionnaire for safety personnel. Afterwards,

the questionnaires were conducted for employees in charge of risk

- Vi —



assessment at each workplace. Based on the results, the risk assessment
method, the risk estimation standard and the standardization method for
the risk determination standard suitable for the "A” Power Generation
Company were derived in the Guideline for the Risk Assessment of the

Workplace.

Key Words : thermal power plant, risk assessment, standardization.
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Table 1.

Classification of hazard identification factors for 4M

Item

Classification of hazard identification factors

Machine

© O O O O

Defect of machinery and equipment in design
Failure of risk protection

Lack of intrinsic safety

Defect of utility(electricity, compressed air, water)

Defect of the vehicle by equipment

Media

O

O N0

Failure of the working space(condition and structure
of working space

Generation of gas, steam, dust, fumes, mist

Health problems due to anoxia, pathogens, radiation,
harmful rays, hot, cold, ultrasound, noise, vibration,
over pressure

Confirmation of handling chemical(MSDS)

Man

© O O

Unsafe activity of worker characteristic(people with
disabilities, women, the elderly, foreign, non-regular,
nom-skilled)

Inadequate for the job information
Defect of posture and work behavior

Inadequate for work methods

Management

© O O O O 0O O

Defect of management organization

Inadequate for regulation, manual

Inadequate for safety management plan

Lack of education and training

Lack of supervision and lead of the subordinate
Non-posted of safety instruction and various signs

Lack of health care
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Table 2 Classification of hazard identification factors for KRAS

Classification of hazard identification factors

Primary cause

hazard identification factors

1.1 Hazard area of Stricture(retractable, stricture)
1.2 Dangerous surface(cutting, scratches)

1.3 Hazard area of falling, flying objects, overture,

Mechanical ) ) _
Collapse, slip of machinery(equipment)
factors
1.4 Hazard area of collision
1.5 Slip
1.6 Hazard area of falling(opening part)
Electrical 2.1 Electric shock(over safety voltage) 2.2 Arc
factors 2.3 Static electricity
3.1 Gas 3.2 Vapor 3.3 Aerosols-fumes
. 3.4 Liquids(mist) 3.5 Solid(dust) 3.6 Reactive
Chemical
substances
factors 3.7 Radiation 3.8 Fire/Explosion hazard
3.9 Radiation/Blast overpressure
Biological 4.1 Infection by pathogens and virus 4.2 GMO
factors 4.3 Allergy and microorganism 4.4 Animal 4.5 Plants
5.1 Noise 5.2 Ultrasound-ultra-low frequency sound
5.3 Vibration 5.4 Mistake of workers
Work
o 5.5 Low or high pressure condition
characteristics _
5.6 Choking hazards-lack of oxygen
factors ) )
5.7 Heavy handling tasks 5.8 Recurring tasks
5.9 Unstable work posture 5.10 work tools
Work 6.1 Climate 6.2 Light
environment 6.3 Space and movement paths 6.4 Around workers
factors 6.5 Working hour 6.6 Safety culture of organization
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B AT Fig. 3 ¢ 2ol wAEE o] Fol A

Interview with Analysis of risk assessment
safety officer (A) - Brainstorming through Workshop
v
Analysis of risk assessment of each power plant
Case study )
(A) - Survey and Interview
Summary of survey results (Matrix)
v
* Analysis of risk assessment of petrochemical
Case study _
companies
(others) L
- Survey and Interview
v
* Identification of improvement tasks for risk
SWOT
) assessment settlement
Analysis ) J
= Discuss safety officer
v
(1st) Top priority for SWOT analysis
— Target: 26 persons in charge of safety
Survey A0 : o
(A) (2nd) Detailed implementation of top priority tasks
- Target: 220 people who have experienced
risk assessment
v
* Suggest standardization of risk assessment
Conclusion - Improvement of risk assessment by work,
area etc.

Fig. 3. Process of the study
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Table 4. Process Risk Assessment Techniques for PSM Facilities

(O : use, x : unused)

Techniques Hadong In%ﬁie%n Busan Namjeju | Yeongwol | Andong
Checklist X X X O X X
GEN1 X X X x x x
HAZOP X O O @) @) @)
JSA X X X X @) X
K-PSR O X O X X @)

Table 50l 4 Hzo] A vgdAdn| e &4 AddE7te 45 7F

—_

A EH Lol ARSE AL A

Table 5. Process Risk Assessment Techniques for non—-PSM Facilities
(O @ use, x & unused)

Techniques Hadong In%ﬁgn Busan Namjeju | Yeongwol | Andong
Checklist X X x x X X
GENi X X X X X O
HAZOP @) X x x X x
JSA x o x e 0O 0
K-PSR X X X X X X
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Table 6. Job Risk Assessrent Techniques for Power Generation Fadilities(O : usg, * © urusad)

Techniques Hadong In%ﬁler(l)n Busan Namjeju | Yeongwol | Andong
Checklist X X X X X X
GEN1 O @) & O O O
HAZOP X X X X X X
JSA O @) O Q O O
K-PSR X X X X X X

Table 7914 R%o] wradiu] oj<lo] ae) 4B A% 13 wol A

719 ol A T 1h EH LA AFRHAL AT

Table 7. Job Risk Assessrent Techniques far norPower Gereration Fdlities(O : usg % - unised)

Shin

Techniques Hadong Incheon Busan Namjeju | Yeongwol | Andong
Checklist X X X X x X
GENI1 X X X X X X
HAZOP X X X X X X
JSA x o x x x o
K-PSR X X X X X X
KRAS O X O O O X
4 M O X X X X X
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Table 8. Summary of methods for estimating the risk of each plant of “A”

Techni—q
ues

Hadong I Shm] Busan Namjeju Yeongwol Andong

Disaster frequency (3 levels) x Max Damage scale {Human (7 levels),

GENi Environment (6 levels), Facilities (5 levels)}

JSA Work frequency (1~3) + Damage intensity (0~6) + Possibility (-1~1)

Frequency (5 levels) x Frequency (G levels)
HAZOP Intensity (4 levels), x Intensity (5 levels), Same as 'Hadong’
Matrix Matrix
AM Frequency (5 levels) x intensity (4 levels)
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Table 10. Use of Risk Assessment Techniques by Business Type in
Each Power Plant of "A”

Ttems Hadong | ("™ | Busan | Namjeju | Yeongwol | Andong
g;nple“on 01.01 976 | ‘043 07.3 0010 | ‘143
gﬁﬁg S S S p S p
Pl PSM | KPSR | HAZOP | \hoR | e Lin | JSA | HAZOP
Al M| HAZOP | JSA - JSA JSA GJEIXL
| (f}aeél (}1;1/\;1 GENi | GENi | GENi | GENi %EE
a|ron Gen | KRAS, 1 A | KRAS | KRAS | KRAS | JSA

General AM

work
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Table 11. Risk estimation method for each power plant of "A”

Items

Shin

Busan
Incheon

Hadong

Namjeju

Yeongwol Andong

Disaster frequency (3 levels) x Max Damage scale {Human (7 levels),
Environment (6 levels), Facilities (5 levels)}
- Disaster frequency (3 levels) — 1,39

GENI | giale of damage © human (7 levels) — 1248163264
environment (6 levels) — 1,2,4,8 16,32,
equipment (5th step) — 1,24, 16
JSA Work frequency (1~3) + Damage intensity (0~6) + Possihility (-1~1)
HAZ Fequarcy 6 levds) x Fagery6 leds) x q hdone’
OP Intersity (4 levels), Vetrix | Intensity G levdls), IVRtrix a
AM Frequency (5 levels) x intensity (4 levels)

Table 12. Levels to determine risk for each power plant of "A”

Items | Hadong Inscgiercl)n Busan Namjeju Yeongwol | Andong
Level 5

GENi | [Mild (0 ~ 3), normal (4 ~ 14), high (15 ~ 31), very high (31 ~ 62)
Can not judge (63-576)]
Level 3

JSA | [Low (0 = 3 points), medium risk (4 ~ 7 points), high risk (8
~ 10 points)]
Level 5 Level 5 Level 6
Very low (1 to 6), Very low (1 to 5), | Very low (1 to 3),
Low (7 to 9), Low (6 to 10), Low (4 to 6),

HAZOP | Slightly higher (10-12), | Slightly higher (11 | Usually (8),

High (13-15),

to 15),

Slightly higher (9-12),

Very high (16-20) higher (16 to 20), | High (15),
Very high (20-25) | Very high (16-20)
Level 5 Level 4 Ied 6
Very low (110 6), low (7 t0 9) | Very low (1 to 3), Vay low (1 to 3),
AM | Slightly higher (10-12), Low (4 t0 6), Low (4 to 6), Mdum ®),
higher (13-15), Fardy high (8-12), Sightly higher (0-12),
Very high (16-) Very high (15-20) Hgh (1), vay high (16:2)
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Table 13. SWOT analysis

SWOT Details Remarks

Continuous irmproverrent of safety consciousness level

S Low accident rate 3

Low power plant risk

Non-standardization of sorre risk assessent tasks

A\ Risk assessment handwriting 3

Inadequate internalization of RA

Increased social safety concerns

Utilizing advanced IT

Strengthen legal safety regulations

Insufficient safety management of suppliers
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Table 14. Risk assessment improvement task

SWOT Details Remarks
1. Strengthen management of safety activity performance
S0 targets (KPID) 9
2. Enhanced safety monitoring with Big Data

w

. Simplify risk assessment (or computerization)
WO 2
4. Safety activity reward, discipline reinforcement

5. Strengthen RA management
ST 2
6. Training safety manpower (including suppliers)

7. Standardization of risk assessment technique

WT |8 Raising company-wide safety mind 2
- Need to raise awareness of RA necessity
(education, etc.)
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Table

15. Factor analysis process through analysis of implications

Item Implications SWOT Remarks
Perform voluntary risk - Integration into
assessment before legal obligation "sustainable improvement

of safety consciousness”
Continuous mproverrent of safety g
consciousness level (lack of internalization)
1 Low accident rate S
1| En [ Low pover plant risk S
—viron I\W/irklc‘atory risk assessment of all T
-ment Integration into
! Conpulsory J5A for b T ”Strenzthened legal
" Faalities safety regulations”
t Requirement to strengthen T
e supplier's safety support
r Inadequate level of safety T
v nmanagerrent of partner comparies
I Increasing socidl interest in safety @)
o Non-standardization of some W
W risk assessment tasks
2. risk assessment handwriting W
RA Integration into
status | 1o g of sharing and tiiztion of |y "Risk assessment utilization
and | rigk assessrent reslts and inadequate
proble mnternalization”
-ms
Inadequate internalization of W (It}ck of utilization and lack
RA activities of intermalization are similar)
2. "A" Non-standardization of risk ) )
power plant assessment techniques B (Same as interview result)
survey
Utilizing advanced IT in 0
safety management
Integration into
3 Case "’Increasmg soc1a}’
study . interest in safety
Conduct risk assessment on -
(others) overall corporate management (The spread of RAs throughout
the conpany’s managenat is
a result of increased social
interest in safety)
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Table 16. SWOT analysis for standardization tasks

Internal Strength (S) Internal Weakness (W)
Internal
compe
-tence|| « [ ow power plant risk and accident rate || * Non-standardization of RA tasks,
- No old facilities, less PSM process || handwriting management
Extern . . . . . e . .
environ Increasing social interest in safety ||« Lack of utilization and inter
-ment -nalization of RA results
External
Opportunity SO (Opportunity Strength) WO (Opportunity Capture)
©)
" (D Strengthen management of safety @ Simplify risk assessment
« Utilizing .. ..
advanced IT activity performance targets (KPI) (or computerization)

- Comprehensive risk management etc. || - Monitoring and feedback of RA and
risk reduction measure through
computerized management system

« Increased || (@ Enhanced safety monitoring with Big @ Safety activity reward, discipline
social safety||  Data reinforcement
concems - Penalty for insufficient RA
/compensation for excellence of RA
External
Threats(T) ST (Strengthen Management) WT (Overcome Weakness)
* Strengthen || & Strengthen RA management (@ Standardization of risk assessment
safety - Risk assessment with supervision technique
regulations department from construction design - Optimal technique based on work type
- Unification of risk estimation and
decision criteria
* Insufficient || ® Training safety manpower Raising company-wide safety mind
safety — Enhanced RA training tailored to the plant - Raising suppliers’ awareness of
menagenent || - Enhanced support for RA of maintenance importance to RA
of suppliers partners
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Table 17. Survey respondent working period

working period n(%)
1~5 year 87(39.5)
6~10 year 45(20.5)

11~15 year 19( 86)
16~20 year 15( 6.8)
over 20 year 54(24.5)

A1 W2 Table 18914 Hi= npe} o] ‘A d’o] 682% = 7H wkow, At
Aol 17.7%, ‘#'o] 10.9%, ‘F-AFo] 2.7%, ‘BEFF/Ad 0] 05%E ZALE]

At

Table 18. Survey respondent position

position n(%)
employee 150(68.2)
manager 24(10.9)

deputy 39(17.7)
department head 6(2.7)
director/chief 1(0.5)

-

SERAE Table 19914 B wheh o] WA M An] 2 B FERA’
7 55.0%% 7P gkon], FGAARAT} 145%, TIERA L 145%, A

SARATE 91%, HADY AT} 6.8%2 2AHE L
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Table 19. Survey respondent working department

working department n(%)
Management Department 32(145)

Power Generation Division 20(9.1)
Maintenance & Supervision Department 121(55.0)
Safety Department 15(6.8)

Etc 32(14.5)

L E= Table 20014 W& miol o] TAH A7 99.1%, wo 5%}
7F 09% #Folstgom, ZAS Table 2194 HE nvpel zho] “dFx(98.2%),

5}8(14.5%), AH*(5.9%), EX1(4.5%), 71EH(5.0%), §41(3.2%)" <ol AT

Table 20. Current working style

Working Style n(%)
Normal work 218(99.1)
Shift work 2(0.9)

Table 21. Survey respondents

Job Group n(%)
Office working group 13(5.9)
Machine & Electricity group 150(68.2)
Chemical group 29(13.2)
Construction group 10(4.5)
ICT group 7(3.2)
others 11(5.0)
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Table 22. 1st survey result

No. Contents Score Priority
1 Strengthen management of  safety  activity 146 3
performance targets (KPI)
2 Fnhanced safety nonitoring with Big Data 69 7
3 Simplify risk assessment (or computetrization) 149 2
4 Safety activity reward, discipline reinforcement 51 8
5 Strengthen RA management 109 5
6 Training safety manpower (including suppliers) 143 4
7 Standardization of risk assessment technique 164 1
3 Need to raise awareness of RA necessity 105 6
(education, etc.)

3) AAA H7t &2 2 7] QP HEIL 8o

) AFE ool mE ARA A4 L A9 AL AL 5

45.3. 22 AEZA} Z3EA
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Table 23. 2nd survey contents

List Contents

Definition and procedure of rsk
assessiment, definition and method of risk
estimation, possihility and  significance 6
scale of risk estimation, definition of risk
determination, etc.

I Awareness of risk
assessirent ethod

0. Necessity of Risk Preparation of work permit and JSA,
o .. risk estimation and decision criteria for
ESUHHH?n 'and Dggan other risk assessment, risk estimation and )
Standardization decision standard unification, etc.

Suitable risk assessment techniques for
IL Awareness of the type of | each type of business, theoretical

risk assessment awareness and experience of using risk 1
assessment  techniques, etc.
. Preferences  for nsk  assessment
IV. Preference for each job techniques by work area, facility expansion, 3

risk assessment technique | improvement, operation and process safety
manageent, and office work

VR fent. gencrzl Working period, job title, working

) .. department, working style, job group and 7
working characteristics establishment
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4531 AEAH7} By A=

(

Table 2404 H o] YA WY AAEE =+ Aol iz 344
SHEYEE “AFAdHI e H"F 95%, “AFdH I DA 93.6%, "9
A FA e Ao“UF 91.8% “YEAA AAL Ho"It 89.1%, VAT T A Y
HE"7F 85.9%, “JSA B 71EE 9@ FAWE 0] 81.8% 5o oAtk “JSA

2O71E g FAHT R e A TuiAde] Hmel e A EE

Aoz v Yeygtont BE EEeA HA 81.8% ol 44 §HS K
gomz ARrddte] d@AH el tF AAEE B o guwch
Table 24. Awareness of risk assessment method
ot No Yes
1S

n(%) n(%)

1. Definition of risk assessment 11(5.0) | 209(95.0)

2. Procedure for risk assessment 14(6.4) | 206(93.6)

3. Defimtion of Risk Estimation in Risk  Assessment
Procedures
4. Risk estimation method of JSA (BBS) (addition),

other (multiplication)

18(8.2) | 202(91.8)

40(18.2) | 180(81.8)

5. Likelihood size is 3-6, injury inportance is common neasure | 31(14.1) | 189(85.9)

6. Definition of risk decision 24(10.9) | 196(89.1)
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Table 25. Necessity of Risk Estimation and Decision Standardization

1=
T

1

7} 88.6%°F 87.7% 9]

. No Yes
List n(%) | n(%)
1. Kpovymg the samg risk assessmept / decision 1986) | 201(91.4)
criteria when preparing a work permit
2. Understand that the risk estimation / decision
criteria of the JSA are the same 136.9) | 207054
3. Knowing that there is a difference in the scale of
estimating the risk of each site other than 1,2 0227 | 170(77.3)
4. Prefer to use the same risk estimation / decision
criteria between establishments in the same technique 16(7.3) | 204(32.7)
4-1. Prefer to unify into 5 x 4 steps (multiplication
formula or Matrix) in the risk estimation step 8(36) | 212(%64)
4-2. Prefer to unify the risk determination steps into 6 stages | 22(10.0) | 198(90.0)
5. Prefer to use the same risk estimation / decision criteria | 10(4.5) | 210(95.5)
4533 91948 H7F 7 Ui A=
Table 2604 B320] “SIR4%7 vlE Aga AAA/ Y EAo

A7"s} “ZA M

Table 26. Awareness of appropriate risk assessment techniques

List No Yes
° n(%) | n(%)
1. Know appropriate risk assessmen.t techniques for 95(11.4) | 195(33.6)
tasks, processes, and general affairs
2. Know the appropriate risk assessment techniques
for hazardous and hazardous installations processes. 27(12.3) | 193(87.7)
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18]35 Table 279 Table 2844 R0 z @A 7F 7]Heo| digh o] &
2 A EECJSAQ1.8%),  Checklist(782%), HAZOP(736%),  4M(73.2%),
KRAS(59.1%), K-PSR(58.2%), What-if(55.5%)" <=cllew, 7+ 93457} 7]
Aol d ALEAFE ML “JSA(77.3%), 4M(42.3%), Checklist(33.2%),
HAZOP(282%), KRAS(105%), K-PSR(5.5%), What-if(4.1%)" 9% ZA}

= At

Table 27. Risk assessment technique Theoretical awareness

AM KRAS JSA | HAZOP | K-PSR | Checklist | What-if

Answer | o0 | neo | n | 1 | n | n) | n

No |59(26.8) | 90(409) | 18(82) | 58(264) | 92(41.8) | 48(21.8) | 98(44.5)

Yes | 161(732) | 13001 | 220L8) | 162(736) | 128(582) | 172782) | 122(5)

Table 28. Experience using risk assessment techniques (multiple selection)

AM KRAS JSA | HAZOP | K-PSR | Checklist | What-if

em o | nee) | n©) | n% | n | n©) | n©o

ratio | 93(42.3) | 23(105) | 170(77.3) | 62(282) | 12(5.5) | 73(33.2) | 9(4.1)
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Table 29. Preference for each job risk assessment technique

1st 2nd 3rd
Job (Response (Response (Response
score) score) score)
) . JSA 4AM HAZOP
Power plant operation field (439points) | (231points) | (156points)
Facﬂlty Expansion, Improvement, HAZOP JSA M
Operation and  Process Salety | paq 500y | (230p0ints) | (193points)
Management (PSM) Facilities P P P
] I T e
Office work field (344points) | (195points) (165points)
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