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A Study on the Reduction Plan of Fall Accident

during Regular Maintenance in Chemical Plant

Kyung Sik Kim

Department of Safety Engineering
Graduate School of Industry
Pukyong National University

Abstract

The accidents in petrochemical plants have been occurring frequently
during regular maintenance and repair. As deterioration of equipment, there
are getting more Items to be fixed in Ulsan, Yeosu in Korea. The features
of routine maintenance work in chemical plant are simultaneously process—
ing multiple tasks in the short term, running similar operations to construc
—tion industry and most of all, fall accidents related to work from Height
are caused pretty often.

In this study, details of preventive measures about high occupational fall
accidents at petrochemical plants in overhaul period are acutely required.

It was investigated the fall accident during regular overhauls (200572016)
in 9 different facilities including Petroleum, Synthetic resin manufacturing,

Lubricant oil, Heavy crude oil, Naphtha cracking center, etc in S—company

- viii -



inside Ulsan petrochemical industrial complex.

To prevent fall accidents in the period of regular maintenance and repair,
I performed systematic safety management activities then shared reviews
from near miss and violence cases. Also I conducted the survey to the
field workers and safety managers who have been working for regular
overhaul.

As taking part in specialized safety activity, SHE Committee and from
the result of the survey, we offered workable alternative from investigation
of near misses and analysis of violence cases.

1) We provided the real-time education videos in smoking areas and staff
lounges to develop their safety knowledge, safety behavior and safety
skills. It is produced from the previous Near Misses/Violence in the period
of regular maintenance.

2) As understanding the characteristic of day laborers, construct the
experience centers which have effective training for dealing with fall
accidents as “OJT7(On the Job Training).

3) Applied tighten enforcement of safety standard and suspensions to any

recurrence of violence such as “One Strike Out”.



In order to reach to the zero—hazard we have to persistently ameliorate
the safety system with specific countermeasures, having conferences after
routine overhaul activities, making distinct management plan to prevent the
accidents in high risk site like fall accident.

Key Words: Chemical Plant, During regular maintenance, Fall Accident
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Table 1 Data of domestic industry—falls(200672010)

' Item 2006 2007 2008 2009 2010
Total number of workers | 11,688,797 | 12,528879 13,489,986 13,884,927 | 14,198,748
Total Disaster 89,910 90,147 95,306 97,821 98,645
disaster | Deaths 2,453 2,403 2,422 2,181 2,200
embroidery [ Death rate 2.7% 2.7% 255 2.18% 2.29%
Total Disaster 11,687 11,834 14,027 13,589 14,000

crash Deaths 427 418 468 450 453

disaster [ Death rate 37% 35% 3.3% 3.2% 3.2%

Disaster crash disaster(%) 13.0% 13.1% 14.6% 13.9% 14.3%
Accident death (%) 17.4% 17.4% 19.3% 20.6% 20.6%




Sl Az g As) FEdEE dyRd Fig 13 o] A= 20,184, 9

2+ 16,1749, 32 135894, ol v g 83374, =& 84384, vk HJd, &Y

73109, 7]E} 15,0684 SO & vtEbykT).

I‘IE * E}
38%
Fig. 1 Occurrence of industrial accidents in 2009
2008 el = A=, @&, F T 3 A LAE] 56%=, HARkoldS

AA G Aoz ek,

7185, TA 8 Overhaul &, T o= @7|3te] S| vz el #¢fo]
AP a1, o] o dERATE Fofst

o]
g Abate] 919l AT, 53 LA faet gAY 9e] A AES uae



Table 2 Number of working days for regular maintenance period(SK-group)

Regular maintenance Process Process stop period Maintenar.lce
year work period
2012 NRC 34days 27days
2013 NAC 30days 23days
2015 NRP 27days 21days
2016 NRC 32days 26days
Average = 30.7days 24.2days

Table 33 %ol A7|W7|Zke] RS As)7F 800l ddad A

A A7 502 g7l ddAs)e] Hg&ol 58%° sidetm w3t

gl YA FEANE FAS 0AF T A FARSE FEA9 1979



Table 3 Data of disasters during the maintenance from 2005 to 2016(SK-group)

Disaster type

Number of disasters(200572016)

Rate

Maintenance disaster

Maintenance disaster: 80, Normal disaster: 50

58.0%

Supplier disaster

Affiliated workers: 61, Workplace workers: 19

76.0%

High area disaster

High area: 52, Ground area: 29

64.0%
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Table 4 Domestic PSM rating level status

Item Grade P Grade S Grade M+ Grade M- Etc
Domestic | 103(5.195) 543(26.9%) 567(28.1%) 203(10.1%) | 602(29.8%)
Ulsan 24(5.9%) 105(25.9%) 94(23.1%) 56(13.8%) 126(31.1%)

SK 8(88.9%) 1(11.1%) - -
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Table 7 Periodic maintenance work accidents report

Process Heavy | Process | VDRS | Incident S-UL-H-16
department plant classification | —006
Occurrence date 2016-04-07 @11:20 Weather Rain
Accident grade C
Classific | Main Human accident
—-ation category

Small Fall
Facility Fixing device
Occurrence Regular maintenance

Facility occurrence DS-D3330R(CHPS) (1st Flatform to Ground)

site
Direct cause Slip by carelessness when using a  ladder
Type classification Primary Secondary Tertiary
classification classification classification
work factors Inadequate Poor order Etc
working
methods
Human factors Lack of Insecure -
attention behavior
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Table 8 Measures to prevent recurrence

Management Measures to prevent recurrence Action Completion

number team date

Establish safety rules for ladder | SHE team 2016-07.31
S-U-L-001 use
Install the accident point warning | HU-1 team | 2016-12.31
S-U-L-002 panel
Horizontal  deployment of accident | SHE team 2016-12.31
S-U-L-003 cases
S-U-L-004 Special education for raising | HU-1 team | 2016-07.31
safety consciousness
S-U-L-005 Implementation  and application of | SHE team [ 2016-077.31

safety helmet training
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Table 9 Log book(Implementation measures to prevent recurrence)
Management Action Result Completed
number department wrap up & not
Yes ()
No( )
Yes ()
No( )
Yes ()
No( )
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Table 10 Role sharing of SHE Committee

Item Name Team role

Safety Golden Rules Management
XXX SHE-T team Work Permit Transit Check
Closed container operation

SHE
XXX SHE-II team

Working conditions such /as purge
B Blind management, vent / drain

Process XXX Process-1I Cushion and tagging status

Initial open / split status

Heavy equipment management,

. t XXX E %mpmnfnflt scaffold installation / management
cquipmen Jrec taegaiq € Maintenance work such as fall / fall

Arrangement / cleaning status

a8a A% &sol kst SHE 9 €93 Coordination® @] 8852
Table 117 o] SHE Z&78& 95t A=A AL A=At b « 247
PRANSS Fasta, A9 AR Wk R AAGA A @

SHE A2 Daily SHE 3434 2y oldid ARE FFsta v x4
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Table 11 Duties and Functions of SHE Committee and Coordination team in the

activities

Duties & functions

Leader General checking

Establishing SHE Activity plan

Supervisory of SHE

Checking work risk assessment and implementation plan
Daily SHE performance check

Joint SHE violation check conducted

Confirm corrective action for daily SHE

Report on the results of the Daily coordination meeting
Daily SHE meeting

No-accident campaign

SHE Award for best employee

SGR violation check

SHE
check
Team

Daily SHE violation Check information sharing
Attend function-specific team work meetings

Each functional team safety management plan
Review safety work permit

Review / approve JSA implementation plan

Each function team partner SHE recommendation of
excellent model employees

Each
function
coordina—
tor

AN N NN N N N N N N N N Y NN

3.6.3 SHE Committee? 285
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Table 12 Number of fall disasters by year

2016

13.1

2015

8.2

2014

10

16.0

2013

9.8

2012

114

2011

6.5

2010

2009

5%

2008

8.2

2007
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2006
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Table 13 Number of fall disasters by day of week

By day Mon Tue Wed Thu Fri Sat Sun
Number 14 8 6 11 7 10 5
Rate (%) 23 13 10 18 12 16 8
Relation - - - - - - -

414 ZgA AFE A EA
A xte] AE EEE= Table 149F 2ol F2 407 197002 44.9%0] 1L
50th7F 101 2.2 23.0% AFA|akar 9lom, 40750t L Ake] A dA A&

o] 67%= &5 dFAPAS ARt SUFAR AEEIE s AL

WA A A GA FHEA7E A%,

Table 14 Number of fall disasters by age group

Age 20’s 30’s 40’s 50's 60’s
Occur 1 10 19 10 3
Rate (%) 3.0 23.0 440 230 7.0

Relation - - ) 0] -
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Table 15 Relevance to fall disaster on specific sectors

[tem Filling On Scaffol | Stairs | Crane Tool Etc
piping ding car
Number % 5 10 3 6 5 7
Rate (%) 16.2 116 23.2 70 139 11.0 16.2
Relation - (o] (0] (0) o A -

)

Adulg @2 Ay 90e BE Table 167 go] Mugd A

A

A T Lol 28.0%, B Aol 50%, A Zol 18.0%E A
shal QlojA FE AAA A 2 F3 A DA E AT

Table 16 Status of the accident by work type

Work Operat | Ground | Repair | Weld- | Insul- | Load- | Carry- | Filling | Etc
type a ing ated ing ing
ion
Number 2 3 2 12 2 18 7 3 4
Rate(%) 5.0 7.0 5.0 28.0 5.0 18.0 16.0 7.0 49
Relation - - - 0] 0] 0] - - -
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2 clshe] AauAol 256%, SHAAA W=k 23.2%, AT 186
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Table 17 Analysis of immediate causes of fall disaster
Cause Without Worker Miss- Monitoring | Inadequate

protection | carelessness | procedures failure posture

Number 11 8 10 5 8
Rate(%) 25.6 18.6 23.2 11.6 18.6
Relation 1st 3rd 2nd 3rd

418 F= Ao A o
ZA3Z B, Table 183 7Fo] ¢t

JEAFalFo] 209

Table 18 Measures to prevent recurrence of fall

Prevention Safety Strengthen Complementary Prediction Procedure
measures training supervision facilities training training
Number 21 10 2 1 9
Rate (%) 48.8 23.2 2.9 4.6 20.9
Relation 1st 2nd 3rd
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Table 19 Collaborating company-related crash incident analysis
item Contents of analysis Relevance
1. Analysis Periodic maintenance performed Number of No
by year disasters by year
2. Seasonal Spring and autumn in a year No
3. By day of Disaster happens day of the week No
the week
4. By time No meaning by time frame No
5. Age Age range of workers is mainly 40 ~ 50 Yes
6. Defacement A disaster occurs mainly at moving to Yes
high-altitude area
7.Work content Disaster during scaffolding and piping Yes
welding
8. Direct cause Lack of safety awareness of workers Yes
9. Prevention Safety training process training required Yes
20179 A7 R5A Aol AFALA R 1Y AAAE PO o
A3 % o Ao WRMET F§AA, FAFH)S FHAY BES
t}e 3 o] 3 (SHE Committee &% )3}t
D naAY A FARY BE
2) bl A2 2 FHA wH(uET LA, FA5E)




4.3 A71 B 47]7+2] SHE Committee 3 2 I E4
SALe] A7 B2 7] 7ke] obd = Aldol Al Ak ulel o] 20091
FH 2016W@7F# SHE Committee@s 7] 7Fol] $JWbALE I ofxpALL AL &

3R wES] hedt Lol RAsL.

431 A= A7|RF7|E T obAARALGEA HE) Akl 24

SHE Committee &5 T dAL®d A% olx}al 9 ukAlg o] &3S
F2 B Table 207 o] AAHoz Fetdste #d o] HF&

Table 20 Data of violent accidents during SHE committee activities(200972016)

Year crash fall Vire | strict fire cont | Etc pollu
ure act -tion
2009 4 24 5 ] 8 3 7 4
2010 3 12 5 ) 3 2 4 3
2012 1 13 5 3 4 1 6 2
2013 1 24 8 3 0 1 13 1
2015 1 9 6 1 2 1 6 0
2016 0 14 5 1 1 0 3 1
Total 10 96 34 14 18 8 39 11
A= FEAe d-d JAFES 29 Fig. 137 2ol 35%°l A1 509%™ ] ol A
< ARES et v 53] 20166 A7|EG7| bl FErAsfol g
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Table 21 Major violences for regular maintenance period(200972016)

Year Major violation case Process S/D term

2009 personal protective equipment NRC / #2PX(43days)
2010 disarrangement NAC / #1PX(29days)
2012 disarrangement NRP/ #1BTX(34days)
2013 Inadequate posture / safety measures NRC / #2PX(30days)
2015 Poor fall prevention facility NRP / #2MDU(27days)
2016 Failure of workplace in high area NRC / #PX(32days)
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432 BA718F 71 T AxE S-S AEA
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201295 E] 2016W1 714 A7) 8577 5 AgAdate] FA el

Mo
3
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ro

Aot fINHES Table 229k #Zo] 20124 3.6671, 2013 3.4071, 20154 4.77

A, 201632 39702 F7hEe] Aol A4 sdtt

Table 22 Statistics of violations per person(201272016)

maintenance | Number of Violation rate per person Process S/D
year violations(days) (cumulative number) term
2012 3.66 1.24 % (25,536) NRC / #2PX(34)
2013 3.40 0.66 % (26,660) NAC / #1PX(30)
2015 4.77 0.70 % (18,309) NRP / MDU(27)
2016 3.90 0.63 % (19,735) NRC / #2PX(32)
v o] A2 xFY] AL gk Y fRkES Ht W& Fig.

149} o] 20121 1.24%, 20134 0.66%, 2015 0.7%, 201611 0.63%7FA] #

AHA o2 AaE AT

A S50
e
A s ‘-"J."‘-:-""'-.._____
P = = ] =g O.53%
O OS5 T T T 1
o1z LA 2013 LA 20153 2015 LLA

Fig. 14 Rate of violation per person(2012 ~ 2016)
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Fig.15 Statistics by type of violation(2009 ~ 2016)
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Table 23 Survey of age ranges from field workers

No Age Answer Pax Rate(%)
1 10’s 5 3.1
2 20's 20 125
3 30’s 33 160 20.6
4 40’s 87 54.4
5 50's 15 9.4

R

wrAe] A

2

Aol 40750t ARl wle A L5

22 Table 249 7

o] 5710 o] 25.0%, 107151 o] 5.0%, 1A 4 o]st7b AA A =Fe] 70%

2 b Bt 3% AFAAe S22 Asae] 717k ok,

Table 24 Survey of work experience from field workers

No Work experience Answer Pax Rate(%6)
1 174years 112 70.0
2 5710years 40 160 25.0
3 10715years 8 5.0
4 Over 1byears 0 0.0
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Table 25 Ranking of safety facilities by frequency use in height

No Facility Ranking Pax Rate(%)
1 Movable ladder 5 7
2 Fixed ladder 2 27
3 Movable stairs 4 160 13
4 Fixed stairs 1 33
5 Scaffolding 3 20

Table 26 Main causes of fall accidents for field workers

No Causes Ranking Pax Rate(%)
1 Lack of awareness 1 34.3
2 Lack of administrator 3 21.0
3 Lack of education 2 160 25.6
4 Inadequate facilities 5 75
5 Lack of safety action 4 11
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Table 27 Survey of age ranges from supervisors
No Age Answer no Pax Rate(%)
1 20's 5 6.25
2 30's 11 13.75
3 40’s 22 ) 2715
4 50's 40 50
5 60’s 2 25

ok FE| e 25 48HS B, Table 287 0] A= 103 o] &9

AEAL 23.77%, 2004 o]ske) A Ee] 36.25%, 200 o4 “30d olate] A
A7F 40% = 20 o) 25 AEAE A AR 40% ol AHA sk 3

o}A, aFstel wE weFEATE S7kska

Table 28 Survey of work experience from supervisors

No Work experience Answer Pax Rate(%)
1 Under 10years 19 23.75
2 10720years 29 36.25
3 20~ 30years 32 80 200
4 Over 40years 0 0
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Table 29 Performance of hazard prediction training for field work

No Question Answer Pax Rate(%)
1 Must be performed 34 42.5
2 If necessary 46 30 575
3 Never 0 0

Table 30 Survey on main causes of disaster from supervisors

No Causes Ranking Pax Rate(%)
1 Lack of awareness 1 31.2
2 Lack of administrator 3 80 22.5%
3 Lack of education 2 25
4 Inadequate facilities 4 10
5 Lack of safety Action 5 8.7
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Table 31 Management supervisor survey for effective training

No Preventive measures Answer Pax Rate(%)
1 On-the-spot training 25 31.25
2 Safety awareness training 15 30 18.75
3 Supplementing safety facilities 0 0
4 On-site video education 40 50.0
8) SHE Committee &% ¢ 37}
A7) B2 717 5<¢F SHE Committee &5 7o)l thak A3} Table 32
oF Zro] AP EA YAAA BeE #HLS A7|HSG 7|7 Committee 2
FEo FQAlo] 938%E HF F4dE AR FAH QT

Table 32 Questionnaire on necessity of activities from supervisors

=9 Necessity for Activities Answer Pax Rate(%)
1 Necessary 75 30 93.8
2 Unnecessary 5 6.25
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Fig. 16 Activity plans of SHE Committee in 2017



46 A A% &F Al

2017 6¥ A7IE 713l Fig. 173 o] #4d d dFadae 5S4

shebstel AlFAYASG nPAe] AdsHE sstel 49 AFBLS L8

| aRmen/anen sy me |y 0] 3andnEy 2n e
sl | L L Y
Fig.17 Management of New workers & Aged workers / Experiential training

center in high area

_51_



Fig. 18% #o] &A%
ar

the Job Training &2

CEEAD EE VA W W
- aau. W l'll‘ll e

ww't- nine et BN ;i
- 014§ AN e AN

2 weAnRi
= HTR HWHASGIE A A

L @usaE A% A
! HHn 26 ML

B9 A

g

, {ﬁ“a

Eat

RS

Lo

Y |

i 5 npj

Senl B7|HA ZOL HIN

Fig.18 On site screen training
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4.7 SHE Committee &% 243

A A Aol AEAQ SHE Committee &5 o2, 20179 A A7|HS5E5
T et dd nkdsE vlas] B Table 33 & Fig. 199
o] 20161 & A AFukEo] 0.63%A 20173 0.03%71A FEshA
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Table 33 Number of violations by day & Rate of violations per person(201272017)

Maintenance Number of Per person violation rate Process S/D term
year violations/day (cumulative number) (Process Repair)
2012 3.66 1.24 % (25,536) NRC / #2PX(34days)
2013 3.40 0.66 % (26,660) NAC / #1PX(30days)
2015 4.77 0.70 % (18,309) NRP / MDU(27days)
2016 3.90 0.63 % (19,735) NRC / #2PX(32days )
2017 2.51 0.3 % (29,400) NAC / #1PX(34days )

o lg-al Hl =
db=a bl e
1_40%
1 200 w, 1.249
oo e
0.80%
T =
0.5609% oo _-%"—-—-—..._ fal -t
0309 —
0.20%
0209
0.00%: T T T T
20123 20133 20153 20163 20173

Fig. 19 Trend of violations by year(201272017)
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Table 34 Proportion of violations related fall in periodic maintenance(200972017)

Maintenance year violation items related to fall(%6)
2009 41%
2012 37%
2013 47%
2015 35%
_2016 56%
2017 29%
F=ErEHE 2{8F AlH| ERE
60% A
=0% 7%
e ST 35%
30%
20%
10%
0% ; ; . . . .
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Fig. 20 Trend analysis of violations related fall during periodic maintenance
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