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Abstract — In the event of a major accident such as an explosion in a refinery or a petrochemical plant, it has caused a
serious loss of life and property and has had a great impact on the insurance market. In the case of catastrophic incidents
occurring in process industries such as refinery and petrochemical plants, only the proximate causes of loss have been
drawn and studied from inspectors or claims adjustors responsible for claims of property insurers, incident cause
investigators, and national forensic service workers. However, it has not been done well for conducting root cause
analysis (RCA) and identifying the factors that contributed to the failure and establishing preventive measures before
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leading to chemical plant’s catastrophic incidents. In this study, the criteria of warning signs on CCPS catastrophic incident
waning sign self-assessment tool which was derived through the RCA method and the contribution factor analysis
method using the swiss cheese model principle has been reviewed first. Secondly, in order to determine the major
incident warning signs in an actual chemical plant, 614 recommendations which have been issued during last the 17
years by loss control engineers of global reinsurers were analyzed. Finally, in order to facilitate the assessment index for
catastrophic incident warning signs, the criteria for the catastrophic incident warning sign index at chemical plants were
grouped by type and classified into upper category and lower category. Then, a catastrophic incident warning sign index
for a chemical plant was developed using the weighted values of each category derived by applying the analytic
hierarchy process (pairwise comparison method) through a questionnaire answered by relevant experts of the chemical
plant. It is expected that the final ‘assessment index for catastrophic incident warning signs’ can be utilized by the
refinery and petrochemical plant’s internal as well as external auditors to assess vulnerability levels related to incident
warning signs, and identify the elements of incident warning signs that need to be tracked and managed to prevent the

occurrence of serious incidents in the future.

Key words: Catastrophic incident, Warning sign, Process safety performance indicator, Leading indicator, Analytic hier-

archy process
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Table 1. Example of catastrophic incident warning sign assessment index tool reported by CCPS|3]

Catastrophic incident warning sign assessment index development draft

- Acceptable of the safe operating envelope outside
- Unclear, undefine, confusing for job roles & responsibilities

Leadership - Negative complaints from external party
and Culture - Worker’s fatigue sign

- No drill and training for potential catastrophic incident & events
considering their characteristics

Training and - No training on the process operation and the materials involved hazards

Competency - No formal training program & ineffective training program

- Rampant confusion case between occupational safety &

process safety

- No proper facility chemical processes’ training
- Inadequate formalized process safety system drill & training

Continued below (on CCPS self assessment tool)

Table 2. The classification code for administrative warning sign

Administrative Warning Sign Category Division

Classification Code Reinsurer Recommendation Category Category on Existing CCPS
L Leadership & Culture Leadership & Culture
T Training & Competency Training & Competency
PSI Process Safety Information Process Safety Information
Pr Procedures
. Procedures
PTW Permit To Work System
Al Asset Integrity Asset Integrity
RA Risk Analysis . . .
Analyzing Risk and Managing Change
MOC Management of Change
A Audit Audit
E Learning from Experience Learning from Experience

Korean Chem. Eng. Res., Vol. 57, No. 5, October, 2019
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Table 3. The classification code for hardware warning sign

Hardware Warning Sign Category Division

Classification Code Reinsurer Recommendation Category Category on existing CCPS

P Physical Warning Signs

H Housekeeping Defect

Lm Loss Control Measure

FP Fire Protection Defect . . .

. . Physical Warning Signs
Fp Fire proofing Defect
L&S Layout & Separation

I Isolation

C Containment Defect
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Table 4. Final code of the loss control recommendation by global reinsurer
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Initial code Reinsurer Recommendation Category (Upper) Initial code Reinsurer Recommendation Category (Detail)
S Software Warning Sign L Leadership & Culture
T Training and Competency
PSI Process Safety Information
Pr Procedure
PTW Permit to Work
Al Asset Integrity
RA Analyzing Risk (Risk Assessment)
MOC Management of Change
A Audit
E Learning from Experience
H Hardware Warning Sign P Physical Defect
H Housekeeping Defect
Lm Loss Control Measures
FP Fire Protection Defect
Fp Fire proofing Defect
L&S Layout & Separation
I Isolation
C Containment Defect
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Table S. The loss control recommendations by global reinsurer grouped by 1st & 2nd classifications (Example)

2nd
Ist e S . . . .
Classification Classificati Administrative Warning Sign Hardware Warning Sign
s . .. . Fire . .
Administrative/ Nm(? Leafler Training Process Permit Asset A1_1aly Managi Leaming Physical Loss Hou.sekProtect Fire Layout ' Contai
. .. Hardware Detail  ship and Safety Proce . .. from . .~ Proofing & Isolati nment
Recommendation Main issue . To Integri . ng Audit . Wamning Control _". . ion - .
Warning ~ Category and Compet Inform dures Risk Experie . Defecti .DefectiSeperat on Defecti
. . Work ty Change Signs Measure Defecti .
Sign (1st) (2nd) Culture ency ation and nce veness | g veness ion veness
Fire proofing for heat
. exchanger, condenser, drum,
Fl\rlzsll?osf;r(liilfeor receiver, accumulator etc. S MOC X
lower Saddle part by
API 2218 3%
Modification of ~ Remove obstacles when H p % v
Access to Fire Pump ~ accessing fire pump >
. . :10
Revnew.Fl.r N Wa.lter Set the limit switch to ol
Valve Limit Switch the full open position H P X )
in Tank Farm pen p s}
Fire performance tests ﬁ
should be conducted every 6 ol
Fire Pump Annual months according to NFPA S Al % =
Performance Test ~ standards (at least once or Fj
twice a year) >
(based on NFPA 25) it
- (2
Flare Konck Out The Knock-out drum pump for
connected to the flare should y
Drum Pump was on . H p X ot
be managed in Auto mode N
Manual Mode . <
instead of manual mode ﬁ
g Dike for Install a dike to prepare for =
€ transformers near fire spread due to leakage of H C X E
; NCC#X CCR transformer oil =,
g The completion rate of MOC ;‘E%
B L implementation should be -
s MOC statistics monitored, and if the MOC S MOC X EET
2 and RCA .
s is delayed, The root cause
z should be analyzed
s Plan for the baseline
é Planning of measurement program to
. nng determine the corrosion rate
4 Baseline data . .
B measurement for (determine the difference S Al X
.°2 new projects between the design basis
) W Proj thickness and the actual
) thickness)
2 Install gas fire extinguishing
g Fire protection for ~ system such as clean fire I P X
tw  ITserver room extinguishing agent in IT
§ server room 2
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Table 5. Continued

2nd
Ist . . .. . . . . .
Classification Clas(s);ﬁcatl Administrative Warning Sign Hardware Warning Sign
s .. . Fire . .
Administrative/ Nine Detail Lea.der TrainingProcess Permit Asset Ax.laly Manag Physical Loss Hou.se Protect Fire Layout Contain
. L. Hardware ship and Safety Proce zing . . gfrom . keeping . Proofing & . ment
Recommendation Main issue . Category To Integr . ing Audit ‘Waring Control > ion - on .
Warning and Compe Inform dures . Risk Exper . Defecti .DefectiSeperat Defectiv
. (2nd) . Work ity Change . Signs Measure Defecti .
Sign (1st) Culture tency ation and ience veness .  veness ion eness
Process Isolation
Valve List to be set Process shutoff valve list etc. S PSI X
up for Process
Isolation
Long Term Interlock Manage long term interlock
Bypass to be bypass records by change S MOC X
Managed by MOC management (MOC)
Fire Pump Discharge In order to ensure the I‘?llablllty
of the fire pump, the discharge
Valve should be . - S Al X
pipe should be kept in the open
Locked Open
state and locked state Mo
Double Casing Pump test io
Include Double interval should be shortened N
Casing Pump (HP  because it is difficult to check =
. L. .. S E X a
ethylene pump) into unless it is periodic “
Inspection Program. maintenance (accident cases =
caused boor maintenance)
Seal the Windows ~ Ensure separation of control
Facing Spheres (2nd room windows and H L&S X
floor of SM CCR) process areas
Improved Fire  Install fire alarm system such
Detection for Spare  as fire detectors in the spare H FP X
Parts Warehouse warehouse
fmp roveq Document revision and update S PSI X
Documentation
Enhance Incident Reporting
Incident Reporting  Data collection and securing S A X
statistics
Inspection Inspection program S Al X
Programme management
Improve
management of Management of Change
Change (MOC) (MOC) procedure S Moc X

procedure
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Fig. 1. Frequently recommended 18 categories by global loss control engineers for 17 years.

Table 6. Added catastrophic incident warning sign criteria through frequency analysis of loss control recommendations by global reinsurer for 17

years (Example)

Middle Class Detail Class CCPS Self Assessment Tool Criteria Modified (Added) Warr.nng Sign

(36ea Category) Criteria

- Allows operation outside safe operation range
Emplovee process 3K of awareness and non-compliance with standards of workers
ployee p - There are a variety of driving practices and procedures for each shift
safety awareness and . : .
- It is rampant to confuse work industry safety with process safety
standards .. .
. . - Collision between production and safety goals
implementation
ractices - Reduce process safety budget
P - Delay in process safety practices
- Administrative response to process safety issues is slow
- Job roles and responsibilities are not well defined, confused, and unclear (1) Inspection department
Organizational safety - Frequent change of job priority is not 1ndepenfient, .whlch
Lo - Frequent organizational changes may conflict with
and specialization . . .
- Frequent changes in business owners production and
- High absenteeism and separation problems maintenance schedule
- Examples of negative complaints from outside (nearby companies and communities)
Leadership and - Workers seem tired
Culture / Training - Most are too busy to work

and Competency

- Show negative feedback when surveying workers' opinions

- Limited communication between managers and workers

- Workers recognize that the management organization is not listening

Safer . - Conflict between worker and manager on work conditions
Communication . L o ..
- Indefinitely defined command system a bias in the organization (favoritism)
- Limited communication between managers and workers
- Workers recognize that the management organization is not listening
- Conflict between worker and manager on work conditions
- Indefinitely defined command system
- There is a bias in the organization (favoritism)
- Lack of qualifications of field supervisor and lack of credibility of responsible workers
Manager leadership - Lack of qualifications to serve as managers of supervisors and leaders
and behavioral - Leadership behavior is more focused on public reputation than process safety
characteristics - Leaders clearly prioritize results-based behavior rather than action-oriented behavior

(rather than content)

Korean Chem. Eng. Res., Vol. 57, No. 5, October, 2019
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Table 7. AHP Hierarchy for developing the catastrophic incident warning sign assessment index

Upper Category Middle Category Subcategory
Employee process safety awareness and standards implementation practices
. Organizational safety and specialization
Leadership and Culture N L
Safety communication
Leadership and Culture / Manager leadership and behavioral characteristics

Training and Competency

Training and Competency

Disaster drill for suitable of site characteristic
Employee capability through training and drill
Implement and carry out faithful education

Training program & materials use and maintaining record

Process Safety Information

Process Safety Information update & accuracy
Process Safety Information documentation
Process Safety Information accessibility and management system

Adopt PSM Guidelines in accordance with site conditions

Process Safety Information /
Procedures / Analyzing Risk
and Managing Change

Procedures

Preparing various procedures and enhancing contents
Observation and awareness of workers
Revise and check procedure

Permit to Work &r Handover system

Analyzing Risk and Managing Change

Analyzing Process risk implementation, operation, revalidation
Analyzing Risk assessment when MOC event

MOC target range suitability

Strict application of MOC

Audit

Audit / Learning from

Audit item implementation percentage
Audit item field check/ verification
Get a faithful Audit

Audit result feedback & communication

Experience

Learning from Experience

Incident lesson learning and prevention reoccurrence
Incident Investigation follow up
Incident management for contractor

Incident & Near miss management

Asset Integrity

Asset Integrity /

Equipment management, maintenance, inspection reliability
Alarm management system adoption
Preventive maintenance program, RBI operation & trend management

Correct the installed device, hardware suitability and error correction

Physical Warning Signs

Physical Warning Signs

Equipment, structure, component's defect and maintenance status
Oder, leakage, spill & corrosion condition management
Housekeeping (including cleaning of equipment, facility etc.)

Applying safety device and wearing PPE
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Table 8. Respondent characteristics for deriving weight (importance) by category on index

Characteristic of respondent Frequency Percent
Risk Surveyor 13 32.5%
Claim Adjuster 10 25.0%
Business Field Relevant PE (Professional Engineer) 15.0%
Consultant 7 17.5%
Other Engineer 10.0%
Bachelor 26 65.0%
Degree Master 9 22.5%
Doctor 5 12.5%
Chemical Engineering etc. 11 27.5%
Electrical, Electronic Eng. etc. 5 12.5%
Major Mechanical Eng. 7 17.5%
Safety Eng. 8 20.0%
Others 9 22.5%
less than 10 years 7 17.5%
Career 11 years ~ 20 years 17 42.5%
Over 20 years 16 40.0%
Sum 40 100.0%
Table 9. The relative importance of four upper categories and priority ranking by each respondent’s field
. Risk Surveyor Claim Adjuster PE Consultant Other Engineers
Upper Category (Major Category) - - - - -
Weight Rank Weight Rank Weight Rank Weight Rank  Weight Rank
Leaders}:r‘l’ dagiﬁggtl:rfc; Training 216 3 365 1 386 1 463 1 165 4
Process Safety Information / Procedures /
Analyzing }t{};sk and Managing Change 252 2 238 2 253 2 236 2 204 3
Audit / Learning from Experience 199 4 182 4 178 4 176 3 230 2
Asset Integrity / Physical Warning Signs 334 1 216 3 .184 3 124 4 401 1
CR .003 .004 014 .004 .008
Table 10. The relative importance of nine middle categories and priority ranking by each respondent’s field
. Risk Surveyor Claim Adjuster PE Consultant Other Engineers
Middle Category - - - - -
Weight Rank Weight Rank Weight Rank Weight Rank Weight Rank
Leadership and Culture .106 5 171 2 150 2 316 1 .096 5
Training and Competency 110 4 .194 1 236 1 147 2 .069 6
Process Safety Information .041 9 .041 9 .054 9 .052 8 .053 7
Procedures .100 6 .103 5 .082 8 .067 5 .036 8
Analyzing Risk and Managing Change 11 3 .094 6 117 3 118 4 15 4
Audit .066 8 .047 8 .095 5 .036 9 .031 9
Learning from Experience 133 2 135 4 .083 7 140 3 199 2
Asset Integrity .072 7 .068 7 .101 4 .062 6 187 3
Physical Warning Signs 261 1 147 3 .083 6 .062 7 214 1
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Table 11. The relative importance of 36 categories and priority ranking by each respondent’s field

. Risk Surveyor  Claim Adjuster PE Consultant Other Engineers

Detail Category (36ea) - - - - -
Weight Rank Weight Rank Weight Rank Weight Rank Weight Rank

E:;Etli(??: process safety awareness and standards implementation 032 9 042 7 038 7 069 4 023 20
Organizational safety and specialization .018 25 .057 3 .027 18 .072 3 .031 13
Safety Communication 027 14 .040 .041 6 .092 1 .027 18
Manager leadership and behavioral characteristics .028 12 .032 12 .045 4 .083 2 .015 25
Disaster drill for suitable of site characteristic .050 5 .054 5 072 1 .042 7 .032 12
Employee Capability Through Training and Drill .022 22 .071 .056 3 .036 10 .010 27
Implement and carry out faithful education 027 13 .043 6 .064 2 .044 6 .020 21
Training program & materials use and maintaining record .011 33 .026 17 .043 5 .025 14 .007 30
Process Safety Information Update & Accuracy .012 32 .013 29 .010 34 .015 24 .010 28
Process Safety Information documentation .006 36 .006 36 .009 36 .009 32 .004 33
Process Safety Information accessibility and management system  .010 34 011 32 .012 31 .010 31 .009 29
Adopt PSM Guidelines in accordance with site conditions .013 28 011 33 .023 22 .018 21 .031 14
Preparing various procedures and enhancing contents .013 31 .019 24 .013 28 .012 29 .004 35
Observation and awareness of workers .034 7 .042 8 .027 20 .025 15 .016 24
Revise and check procedure .023 20 .020 22 .013 29 .013 26 .004 34
Permit to Work & Handover system .030 11 .022 19 .029 16 .017 22 .012 26
Analyzing Process risk implementation, operation, revalidation ~ .032 10 .029 14 .025 21 .030 11 .025 19
Analyzing Risk assessment when MOC event .024 18 .022 20 .035 9 .026 13 .029 16
MOC target range suitability .023 19 .016 25 .021 24 .023 18 .019 22
Strict application of MOC .033 8 .027 16 .036 8 .038 9 .043 8
Audit item implementation percentage .009 35 .007 35 .020 25 .005 36 .004 36
Audit item field check/verification 014 27 .013 30 .020 26 .007 35 .006 31
Get a faithful Audit 018 26 012 31 .021 23 .008 34 .005 32
Audit result feedback & communication 025 16 .015 26 .034 10 .017 23 .016 23
Incident lesson learning and prevention reoccurrence .066 3 .054 4 015 27 .048 5 .046 7
Incident Investigation follow up .024 17 .039 10 011 33 .029 12 .096
Incident management for contractor .020 24 .014 28 .027 19 .024 16 .030 15
Incident & Near miss management .022 21 .027 15 .030 13 .039 8 .027 17
Equipment management, maintenance, inspection reliability .027 15 .025 18 .027 17 .022 19 .053 4
Alarm management system adoption 013 30 .010 34 .012 32 .009 33 .035 10
f;r;;;;;g; rrlrtlamtenance program, RBI operation & trend 020 23 020 23 032 1 020 20 047 6
Correct the installed device, hardware suitability and errorcorrection  .013 29 .014 27 .030 15 .012 28 052 5
Equipment, structure, component’s defect and maintenance status ~ .086 1 .061 2 .031 12 .024 17 .089
Oder, leakage, spill & corrosion condition management .078 2 .036 11 .030 14 .014 25 .055 3
Housekeeping(including cleaning of equipment, facility etc.)  .050 4 .029 13 .009 35 011 30 .035 11
Applying safety device and wearing PPE .047 6 .021 21 .013 30 .012 27 .035 9
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Table 12. Final weight (importance) results and ranking for 36 categories
Catastrophic Incident Warning Sign 36ea Categories Weight (Importance) Rank
Equipment, structure, component's defect and maintenance status .059 1
Disaster drill for suitable of site characteristic .054 2
Incident lesson learning and prevention reoccurrence .052 3
Order, leakage, spill & corrosion condition management .043 4
Safety communication .042 5
Employee process safety awareness and standards implementation practices .042 6
Implement and carry out faithful education .040 7
Manager leadership and behavioral characteristics .038 8
Organizational safety and specialization .037 9
Employee capability through training and drill .037 10
Strict MOC application .036 11
Incident investigation follow up .033 12
Workers' procedure observance and awareness .033 13
Incident & near miss management .031 14
Process risk assessment implementation, operation, revalidation .031 15
Equipment management, maintenance, inspection reliability .029 16
Housekeeping(including cleaning of equipment, facility etc.) .027 17
Applying risk assessment when MOC event .027 18
Applying safety device and wearing PPE .027 19
Preventive maintenance program, RBI operation & trend management .026 20
Permit to work handover system .024 21
Incident management for contractor .023 22
Audit results' feedback & communication .022 23
MOC target range suitability .021 24
Training program & materials use and maintaining record .020 25
Correct error or suitability for installed equipment and hardware .018 26
Adopt PSM Guidelines in accordance with site conditions 017 27
Revising procedure and confirm of implementation .016 28
Get a faithful Audit 014 29
Alarm management system adoption .013 30
Preparing various procedures and enhancing contents .013 31
Process safety information update & accuracy .013 32
Audit item field check/ verification .013 33
Process safety information accessibility and management system 011 34
Audit item implementation percentage .009 35
Process safety information documentation .007 36
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Table 13. Examples of the assessment index applied to the chemical plant selected in this study

Middle Detail Category
Category (36¢ea)

Questionnaire Point Criteria Example Weight Point Rating

- Allows operation outside safe driving range
- Lack of awareness and non-compliance of workers with various standards

Empl . . - . -
ro(r;,g SOS};Z ty There are cases where - There are a variety of driving practices and practices for each shift
p workers are not aware - It is common to confuse work (industry) safety and process safety without
awareness and S
standards of process safety and  0~10 distinction. 42 2.5 1.1
. . do not follow various - Conflicts between production targets and safety targets
implementation
. standards - Reduced process safety budget
practices . .
- Delays in process safety practices
- Administrative response to process safety issues is slow
- Job roles and responsibilities are not well defined, confused and
. unclear
Organizational s feThZLe dlz aelc?Zi(ianftion - Frequent change of job priority
safety and w with]i)n the 0~10 - Inspection department independence 3.7 7.5 2.8
specialization o - Frequent organizational changes
organization . .
- Changes in frequent business owners
- High absenteeism and turnvoer rate
Leadership - Negative .complaints from outside (neighboring company and
and Culture community)
- Workers seem tired
There is a lack of safety - Most are too busy to work
Safety communication between - Show negative feedback when surveying workers' opinions
. managers and workers  0~10 - Limited communication between managers and workers 42 75 32
Communication . .
(or workers) and often - Employees recognize that the management organization is not
conflicts listening
- Conflict between worker and manager on work conditions
- The existence of an unambiguously defined command system
within the organization (favoritism).
- Lack of qualifications of field supervisors and lack of credibility of
responsible workers
There are cases where .. .
Manager s .. - Lack of qualities that can serve as managers of supervisors and
: manager’s leadership is
leadership and lacking and behavioral 0~10 leaders 3.8 5 1.9
behavioral e - Leadership behavior is more focused on public reputation than ' '

.. characteristics are
characteristics process safety

It-ori s . .
result-oriented - Leaders clearly prioritize results-based behavior rather than action-
oriented behavior (rather than content)

There are cases where - P&ID drawings is inconsistent with show the latest field situation
Process Safety documents such as - Lack of precision and accuracy of process safety data documents
Information  PrOcess safety data are other than P&ll?
Update & nqt up-to-da}te and 0~10 - MSDS and equlpment datasheets are not .current 4.2 2.5 1.1
Accuracy various drawings are - Incomplete electrical / hazardous (explosion proof) area
inconsistent with site classification drawing
conditions - Poor equipment labeling and tagging
Process Safety There is a lack of - Incomplete documentation of safety systems
Information documentation of ~ 0~10 - Inadequate documentation on chemical hazards 37 15 2.8
P documentation  process safety data - Incomplete and inconsistent drawing forms and as-built
Sraofc;:/s Process Safety It is difficult to access the
Information  [nformation  process safety data and it - Problems with process safety data document management
accessibility and is difficult to identify the 0~10 - No person in charge of process safety information data 42 7.5 32
management  relevant management - Process safety information is not readily available
system personnel
Process safety guidelines
Adopt PSM do nf)t meet the best - No PSPI lagging & leading indicator o
Guidelines in pragtlces and process - Company process safety management (PSM) is madegua@
accordance with safety performance  00~10 compared to culture or resources (underdeveloped guidelines, etc.) 3.8 5.0 1.9
site conditions indicators (PSPI) leading - No alarm management system
indicators are not - PSPI lagging indicator & leading indicator are not on operation
followed up
API RP 754 71 7% l5d 3P dA % F A% = o] #-&3t A E AR E &8 Zolgt V|dr & ATE F
e B AGH Pl B2 G AR B HNEFE R BN ES o R FF A4 BF 96 L A%
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Fig. 4. Percentage (%) of detail categories by ranking order.

Fig. 5. Comparisons of 36 category indicators between domestic refinery and petrochemical sectors.

Korean Chem. Eng. Res., Vol. 57, No. S, October, 2019



AT AHP A1 8] A
=R o] = z
T B Al s 7R Aol Bt A&ttt
iz, 2018)°] D8-S 7 - HLeksto] 2 sh Ay

References

. Risk & Insurance Solutions of Korean Re, “The Risk} 2(2), 38
(2017).

. Marsh & Mclennan Companies, The 100 Largest Losses, 1978-
2017, Large Property Damage Losses in the Hydrocarbon Indus-
try, 24th edition, 7-29(2018).

. CCPS, “Recognizing Catastrophic Incident Warning Signs in the
Process Industries; AICHE, Wiley, New York(2012).

. Go, B. S., “A Study on Methodology for Process Safety Performance
Indicators Development System in Plant Industries} Kwang-
woon University(2016).

. Baek, S. H., “A Study on Evaluation & Improvement on Process

10.

11.

12.

13.

14.

651

Safety Management in Refinery & Chemical Plant} Chonnam
National University(2017).

. Mary Schiavo., “Flying Blind, Flying Safe]’ Avon Books(1997).
. CCPS, “Process Safety Leading and Lagging Metrics, You don’t

Know What you Don’t Measure}’ AICES, New York(2011).

. OECD, “Guidance on Safety Performance Indicators”(2003).
. American Petroleum Institute, “Process Safety Performance

Indicators for the Refining and Petrochemical Industries Sec-
ond Edition, ANSI/API Recommendation Practice 754(2017).
Reason, J., “The Contribution of Latent Human Failures to the
Breakdown of Complex Systems;’ Phil. Tran. Royal Soc. Lon-
don. Series B. 327(124), 475-484(1990).

Reason, J., “Managing the Risks of Organizational Accidents]
Ashgate Publishing Company, 1-13(1997).

Hart, C. A., “Stuck on a Plateau: A Common Problem of Work-
shop Paper) The National Academy of Engineering Program
Office Accident Precursors Project, Washington, D.C(2003).
CCPS, “Incidents That Define Process Safety, AICHE, Wiley,
New York, 277-283(2008).

Hopkins, A., “Safety, Culture and Risk - The Organisational Causes
of Disasters, CCJ Australia(2005).

Korean Chem. Eng. Res., Vol. 57, No. 5, October, 2019



