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Pressure Equipment

Basincli Ekipman

« Olay « Incident

- Ramak Kala Olay « Near Miss

- Kaza « Accident

. Is Kazasi - Work Accident

Major (Industrial) Accident

Blyuk Endustriyel Kaza

m KOCAELi SANAYi ODASI
KOCAELI CHAMBER OF INDUSTRY




The Analysis of Major Industrial Accidents regard to Pressure Equipments with Case Studies

« Neden

- Nedensel Faktor

« Katki Yapan Faktor

- Ariza, Hata

« Odak (~ Merkez) Olay

« Birincil Nedensel Faktor
« Zorunlu Nedensel Faktor
« Temel (~ Kok) Neden
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Cause

Casual Factor
Contributory Factor
Failure, Fault

Focus Event

Immediate Casual Factor
Necessary Causal Factor

Root Cause
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. B6lum: Basincli Ekipmanlar Part Il: Pressure Equipments l
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Kap / Vessel Kompresor / Compressor  Basin¢c T. V. / Pressure R. V.

Flans / Flange
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Basin¢h Ekipmanlar Hayir / No
Yonetmeligi (BEY) - E—

2014/68/AB Evet / Yes

Pressure Equipment et/ Yes
Directive (PED)
2014/68/EU Hayir [ No

Kap / Vessel  Buhar Kazani/ Steam Generator Borulama / Piping Emniyet E./ Safety E. Eklentiler / Acces.
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i OSHA GYS ve Pompa OSHA PSM and Pump l

APl RP  754-2016: Process Safety
Performance Indicators for the Refining and
Petrochemical Industries, Figure 1.2
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API RP 754-2016: Process Safety Performance
Indicators for the Refining and Petrochemical
Industries, Figure 1.2
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% Kaza icerigi

— Olay Tipi

- s Tipi

| Madde Tipi

L Neden Tipi

— Sonug Tipi

— Acil Durum

—  Alinan Dersler
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" EMARS ]

LI —

Event Type

Process Type

{ Accident Involving

Substance

Causes Type

Consequence Type

Emergency

Lessons Learnt
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Domino Etkileri Domino Effects
( Natech Olaylar J ( Natech Events \
( Sinirasir Etkiler J Transboundary Effects
| Tedarikgiler | Contractors ]
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E MARS l

Nedensel Faktor Tipi
Kap/konteynir/muhafaza-ekipman arizasi Vessel/container/containment-equipment failure
Bilesen/makine arizasi/islev bozuklugu Component/machinery failure/malfunction
Proses kontrol kaybi Loss of process control
Korozyon/yorulma Korrosion/fatigue
Alet/kontrol/izleme cihazi arizasi Instrument/control/monitoring-device failure
Kagak reaksiyon Runaway reaction
Beklenmeyen reaksiyon / faz gecisi Unexpected reaction/phase-transition
Blokaj blockage
Elektrostatik birikim electrostatic accumulation
Diger Other
Bilinmiyor/uygulanamaz Not known/not applicable
Tanimsiz not identified
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CSB
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CSB
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CSB
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CSB

KOCAELi SANAYi ODASI

KOCAELI CHAMBER OF INDUSTRY



The Analysis of Major Industrial Accidents regard to Pressure Equipments with Case Studies

CSB
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CSB Istatistikleri CSB Statistics

o=

Ekipman Tipi / Equipment Type - Kaza / Accident (35)

Vakum Kirici / P. Vakum Breaker

Flans / Flange

Baglanti elemani (hortum) / Hose

Patlama Kapagdi / Rapture Disk

Boru /Pipe
AKS/ESD
Vana / Valve

—
—
—
—
————————
—

Pompa / Pump #
———
———————————

Isi Degistirici / Heat Exchanger

Kap / Vessel
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CSB Istatistikleri CSB Statistics

EKIPMAN TIPI/ EQUIPMENT TYPE - KAZA / ACCIDENT

Baglanti elemani (hortum) / [KAT\E(SSS:EADI] Vakum Kirici / P.o\/akum Breaker
Hose N \ 3%
3%

Patlama Kapadi / Rapture Disk
3%

Boru /Pipe /

17%

Kap / Vessel
20%

Isi Degistirici / Heat Exchanger
8%

AKS/ESD
3%

\[KATEGOR] ADI]

[YUZDE]

Vana / Valve /

29%
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SAFETY AND HAZARD INVESTIGATION BOARD

INVESTIGATION REPORT
Final Report

E.l. DUPONT DE NEMOURS & CO., INC.

BELLE, WEST VIRGINIA

METHYL CHLORIDE RELEASE
JanuaRY 22, 2010

OLEUM RELEASE
JANUARY 23, 2010

PHOSGENE RELEASE

January 23, 2010
One Fatality

COne Confirmed Exposure
One Possible Exposure

KEY ISSUES:

» ComPAny EMERGENCY RESPONSE & NoTIRcATION

REPORT NC. 2010-6-4-WV
SEPTEMBER 2011
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.’f—'-"‘-"..\c U.5. CHEMICAL SAFETY AND HAZARD INVESTIGATION BOARD

INVESTIGATION REPORT

Final Report

E.l. DUPONT DE NEMOURS & CoO., INC.

BELLE, WEST VIRGINIA

METHYL CHLORIDE RELEASE
JaNuvary 22, 2010

OLEUM RELEASE
JANUARY 23, 2010

PHOSGENE RELEASE

JaNuvary 23, 2010
One Fatality

One Confirmed Exposure
One Possible Exposure

KEY ISSUES:

» MECHAMICAL INTEGRITY

* Alama MANAGEMENT

+ DOPERATING PROCEDUREE

* COMPANY EMERGENCY RESFPONSE & NOTIRCATION

REPORT NO. 2010-6--WV
SEPTEMBER 2011
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Appendix A: Three Event Logic Tree

Appendix B: Historical and Event Timeline

(=7

T M o -

a0 Wbt of NAC et ek e T Siend T
B rihii US TG s Karassia NCEmA e 120
i P 0 e

s 4] i

] | 160 PU PETET
L Vishin ot e EMFs amtn
wsntiarson (v A b

e | A %50 P
Myt Cliisin Hulumss et

|
— o taanie TR m
TooPM Prosgaoaf
[
o e et T F e
s ce

LY
Dy ot R $71 f
i gy

e
Bl oduces
cheical i St
Por s
e e~ [rap—— b
L [ Bk frep wish
Eagia an b8 Unk

e e S i -
|- e e e ep—— DA g 5
]
s T mes wvnes Wat ki
vt Uik, Y 41t ol wabraios st
esion croand argos facily 308 Ba. o 12 fatabi

[l
s 11 v

Bae ot i Tionm il s

T aber e i

TR TONAM - T
G M
o arar
b ool oy st s 311 .

Sy oY el VFT) tenae o

204 pu D DFT M

EMTe

A ol
it Babu Pard  heapubul waly wilbi

]

DD i
BESAR U

Wietim sucoomi fom
phisgar spunee

Appendix D: Phosgene Release Calculations

DuPont initially estimated that 0.7 pounds of phosgene released from the riverside cylinder hose and

associated valving at the time of the rupture. After more detailed calculations, DuPont revised the

estimated release quantity to 2.0 pounds of phosgene. The CSB performed calculations and modeled the

release to verify the phosgene release quantity.

Process Equipment

Figure 18 shows the hose and piping dimensions and the maxinmm amount of phosgene present in the

N

One Tan

Fhosgens
Cylinder

Stainless
Steal Hose

16 in
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E-Mars Istatistikleri E-Mars Statistics l
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E Mars: Ocak-January/2009 - Mart-March/2019

200

[0
140
120
100
B0
60
40
‘il =
u ey Y s

Biivik Kaza / Major RME:]& ﬂlaya’ Near  Diger Olay / Other Event
accident

= Sayis f Number = Yizdesi / Percentage

Bildirilen Olay Sayisi / The Number of Reported Incidents:221
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J" E-Mars Istatistikleri E-Mars Statistics l

Ekipman / Equipment (76)
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E-Mars Istatistikleri E-Mars Statistics II

B. Ekipman / P. EQuipment (76)

Vana [/ Valve
8%

Conta /
Gasket

Flans / Flang . 196

v / Flare

Pompa /
Pump
4%

Filtre /
Filter
1%

= Basinch Kap ~ Filtre / Filter = Pompa / Pump = Flans / Flange

® Boru/Pipeline m Vana /Valve  Conta/ Gasket Alev / Flare
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IV. B6lim: Olay/Kaza Inceleme
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Part IV: Incident/Accident Investigation

g
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Kronoloji Chronology II

1941 ¢
Heinrich Johnson, US AEC Paradies
Domino Tag Teorisi - Savannah River Plant
Yénetim Gézetimi ve
Domino Stone Risk Agaci Kik Neden Analizi
Theory Rand Corp, USAF Management Oversight =~ S3vannah River Plant
Degisim Analizi and Risk Tree MORT Root Cause Analysis
Change Analysis SRP-RCA
. 1960 lar/s 1970 ler/s 1980 ler/s -
.
S  Benner, US NTSB -’ \
Watson, Bell Labs Dizi Diyagramlari, Coklu Hendirk, Benner
Dogrusal Olay Siralama Sirayla Zamanlanmis
Hata Agaci Analizi Sequence Diagrams, Multi- Olaylar Cizimi
Fault Tree Analysis Linear Events Sequencing Prosediiri
. Johnson, ERDA
Gibson, Haddon Olay ve Nedensellik Sequntially
Bariyer Analizi FaktSrii Grafigi Timed Events
Barrier Analysis Events & Casual Factors Plotting Procedure
STEP

Charting

Hans J. Pasman, Journal of Loss Prevention in the Process Industries 55 (2018) 80-106
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Reson

isvigre Peynir Kazasi Modeli-

Epidemiyolojik Model
Swiss Cheese Accident
Model-Epidemiological
Maodel

Hudson
Tripod, isvigre Peynir Modeli
Diistincesinin Turevleri
Tripod, Derivatives of Swiss
Cheese Model Thinking

1990 lar/s

Paradies

insan Performansi
Arastirma Siireci
Human Performance
Investigation Process HPIP

Unger, Paradies
TapRoot RCA Ticari
{Commercial)

J

Rasmussen, Svedung

AccipMap
Sosyo Teknik
Sistem Temelli
Socio-technical
system based
Shappel, Wiegman
insan Faktérii Analizi ve

Ferjencik
Entegre Prosediir
Olay Neden Analizi

Siniflandirma Sistemi Integrated Procedure
Human Factor Analysis and Incident Cause Analysis
Classification System IPICA, Lite
HFACS
2000 ler/s 2010 lar/s
Leveson 4 Hollnagel
Sistem Teorik Kaza Modeli] Fonksiyonel Rezonans Kaza
ve Siirecleri Modeli ve Yontemi
System Theoretic Accident Functional Resonance
Model and Processes Accident Model & Method
STAMP FRAM
Hassal

Vanden Heuvel

ABS Damismanhik
Kok Neden Analizi

ABS Consulting
Root Cause Analysis

HOFs: Dayamiklihgi Artirmak
icin Strateji Analizi
Strategies Analysis for
Enhancing Resilience SAfER
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I Yontemler Methods I

Accident Models
{AMs)

‘ '

Traditional approach ‘

Y l' Y l

Modem approach

Y

, e , . Dynamic sequential
Sequential models Epidemiological models Systematic models Formal models ‘ models (DSAMs)
I | |
L Li ¢ i Y i Y Y Y l
Reason’s Integrating || Theory systems Cognitive Probabilistic Process hazards DRA
‘ e ] [ CCA maodel event=chain maodels aystems models ‘ R ‘ accident models prevention AMs methodology
| S R
L Y L ‘
Rasmussen’s Fasmussen’s Off-shore oil
el AcciM fel STAMP model ‘ FEAM CREAM | DREAM ‘ ‘ and gag model SHIPP model ‘

Fault Tree Analysis (FTA), Event Tree Analysis (ETA), Failure Mode and Effect Analysis (FMEA), Cause-Consequence Analysis {CCA), Systems=Theoretic Accident Mode] and Processes
(STAMP), Cognitive Reliability and Error Analysiz Method (CREAM), Functional Hesonance Accident Model (FEAM), Driver Reliability and Error Model (DREAM), Why-Becauze Analysis
(WBA), System Hazard Identification Prevention and Prediction methodology (SHIFP), Dynamic Risk Assessment methodology (DEA).

Ali Al-shanini, Journal of Loss Prevention in the Process Industries 32 (2014) 319-334
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Literatur Literature

Anders Jacobsson, Journal of Loss Prevention in the Process Industries 22 (2009) 197-203
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I Literatur Literature |

Anders Jacobsson, Journal of Loss Prevention in the Process Industries 22 (2009) 197-203
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Literatur Literature

Anders Jacobsson, Journal of Loss Prevention in the Process Industries 22 (2009) 197-203
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Literatur Literature

Anna-Karin Lindberg Safety Science 48 (2010) 714-721
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Literatur Literature

Anna-Karin Lindberg Safety Science 48 (2010) 714-721
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“ Literatur Literature I

= ESReDA

European Safety, Reliability &
Data Association
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ESReDA Working Group
on Accident Investigation

Eriogwan ety BoBsbifitsind Dl isavishon

w;fw

o Sa‘i‘éfy fnvestl'g'atlons?
'of Accndents "
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I Standartlar Standards l
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V. Blim: Metodoloji Onerisi
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—

Part V: Recommendation of

Methodology I
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I API 585:2014 I

Pressure Equipment Integrity
Incident Investigation

APl RECOMMEMDED PRACTICE 585
FIRST EDITION, APRIL 2014

AMERICAN FETROLEUM INSTITUTE
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I API 585:2014 I
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API 585:2014

—

P e

Seviye 1 inceleme

Seviye 2 inceleme

Seviye 3 inceleme

Olay
Karakteristigi

Characteristics

KOCAELIi SANAYi ODASI

KOCAELI CHAMBER OF INDUSTRY

Incident -

Beklenmeyen durum veya
hasar, eger ilerlemesine izin
verildiyse, bir sonraki
programlanmis servis disina
almada veya inceleme
suresinden once  butunluk
kaybina yol acabilecektir

Unexpected condition or
damage found that if 1t had
been allowed to progress would
have led to loss of containment
before the next scheduled
outage or inspection interval.

Ekipmanda lokal hasara yol
acabilen kicukten orta miktarda
salinima neden olabilen ya da az
miktarda emniyet veya cevresel
hasara neden olabilen basingli
ekipman sizintisi.

Leak from pressure equipment
that resulted in or could have
resulted in localized equipment
damage, small to medium size
release quantity, or small safety
or environmental damage.

- Basingh ekipmanda meydana
gelen sizinti ya da kirilma nedeniyle
veya sonucunda Onemli derecede
proses emniyeti olayl (buyulk kaza)
ya da cevresel zarar, ekipman|
hasari, yuksek miktarda salinim ya
da uretimkaybi olusmasi.

- Leak or rupture from pressure
equipment that resulted in or could
have resulted in significant process
safety incident or environmental
damage, equipment damage, large
release quantity, or production loss.
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API 585:2014 Il

Seviye 1 inceleme

Seviye 2 inceleme

Seviye 3 inceleme

Olay
Karakteristigi

Incident
Characteristics
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- BEB hasari beklentilerin
otesindegerceklegmis ancak
batlnlikkaybi veya Unite
kapanmasinaneden olmamistir.

- Discovered PEI damage
significantly beyond expectation
but with no loss of containment
or unit shutdown.

- Hasar mekanizmalariya da
yapisal bozunmadan
kaynaklanan beklenmeyen
basin¢h ekipman hasari

- Unexpected pressure equipment
failure from damage
mechanisms or structural
deterioration.
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API 585:2014 ﬂ

Seviye 1 inceleme

Seviye 2 inceleme

Seviye 3 inceleme

Olay
Karakteristigi

Incident
Characteristics
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Basin¢h ekipmandan veya ek
parcalardankaynaklanan
kolayca toplanan kuguk
sizintilar (cevresel kacak
emisyonlar disinda).

Small leaks (other than
environmental fugitive emissions)

from pressure equipment or
joints that were easily contained.

- Tespit edilen beklenmeyen
basin¢h ekipman hasari veya
ilgili yapisal hasar, gerekli
ekipmaninveya unitenin
kapatilmasiniya da acil
indirgeyici tedbiri gerektirir.

- Unexpected pressure equipment
damage or associated structural
damage discovered that required
equipment or unit shut down or

immediate mitigation.
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API 585:2014 II

Seviye 1 inceleme

Seviye 2 inceleme

Seviye 3 inceleme

Olay
Karakteristigi

Incident
Characteristics
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Tipik olarak Seviye 1
olayinda, hig¢bir yangin,
onemli toksik salinim,
yaralanma veya cevresel
zarar meydana gelmez.

Typically no fire, significant toxic
release, njuries, or
environmental damage would
occur in a Level 1 incident.

Ayni proses veya sistemde
tekrarlayan Seviye 1 tipi
ozellikler

Repetitive Level 1 type
characteristics in the same

process or system.
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P e

API 585:2014 j‘]

Seviye 1 inceleme

Seviye 2 inceleme

Seviye 3 inceleme

inceleme
Karakteristigi

Investigation
Characteristics

Arastirmada “What If" veya “5-
Whys” gibi daha az yapilandiriimig
analiz  aracglarinin  kullanilmasi.
Nedenlerin tanimlanmasiicin kanit,
degerlendirme ve  deneyimin
kullanilmasi

Investigate using less structured
analysis tools such as “What If” or
“5-Whys.”

Uses evidence, judgment, and

experience to identify causes.

KOCAELIi SANAYi ODASI

KOCAELI CHAMBER OF INDUSTRY

Arastirmanin yapilmasinda isyeri
ya da departmanin katki faktor
tanimlamasinin  ya da mantik
agaclarinin kullaniimasi ile
muhtemel katki ve kok nedenlerin
aranmasi

Investigate using company or
department causal factor
identification or logic trees, seeking
probable contributing and root
causes.

Arastirmanin yapilmasinda
isyerinin yapilandirilmis kdk neden
analizinin (RCA) kullanilmasi ile
en derin yonetimsistemi ve kilttrel
nedenleri belirleme

Investigate using company
structured root cause analysis
(RCA) seeking to determine the
deepest management system and
cultural causes.
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Seviye 1 inceleme

Seviye 2 inceleme

Seviye 3 inceleme

inceleme EKkibi
Olusturma Onerisi

Team Makeup
Recommended

Arastirma etkilenen bolgeden basit
arastirma  teknikleri  konusunda
egitim almis  PEI  personeli
tarafindanyapilir. Arastirma bir ya
da muhtemelen iki kisi tarafindan
gerceklestirilir. Gerektiginde
konuya 6zgU uzmanlar arastirmaya
dahil edilir.

Investigated by the PEI personnel
from the affected area and trained in
simple investigation techniques.
Can be investigated by one person,
possibly two. Involve subject-matter
experts (SMEs) as needed.

KOCAELIi SANAYi ODASI

KOCAELI CHAMBER OF INDUSTRY

Lider, inceleme teknikleri konusunda
egitilmis etkilenen bdlgeden biri
olacaktir. Ekip Uyeleri bolgedengelen
kisilerden, ucte biri farkh
disiplinlerden  kisilerden  olmakla
birlikte ekipte en az bir PEI calisani
bulunur. Gerektiginde konuya 6zgu
uzmanlar arastirmayadahil edilir.

Leader would be someone from the
affected area trained in investigation
techniques. Team members would
include one to three others of different
disciplines from the area; include at
least one PEI person on the team.
Involve SMEs as needed.

Lider yapilandiriimis RCA konusunda
egitim almis ve tesisin baska bir
bolgesinde veya baska bir s
biriminden biri olmahldir. Muayene,
operasyonlar, proses muhendisligi
bakim veya proses emniyeti gibi farkl
disiplinlerden veya gruplardan en az
ug ekip dyesi olmalidir.

Leader would be someone trained in
structured RCA and from another area of]
the plant or another business unit. There
would be at least three team members and
possibly from different disciplines or
groups, such as inspection, operations,
process engineering, maintenance, or
process safety.
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Seviye 1 inceleme Seviye 2 inceleme Seviye 3 inceleme
Baslama Birka¢ gulinicinde Pratik olan en kisa strede Uygulanabildigi anda kanitlari
baslanmalidir (1 ila 2 guin) dondurmaya ve toplamaya
baslayin (6rnegin birkag saat
Initiation Within a few days Begin investigation as soon as icinde).
practical (e.g. 1 to 2 days).
Begin freezing and collecting
evidence as soon as practical
(e.g. within a few hours).
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Seviye 1 inceleme Seviye 2 inceleme Seviye 3 inceleme

Sahada, Emniyet Saghk Cevre

Arastirmacinin Danismani DepartmaninYoénetim Seviyesi genel sorumlulugunasahip
(Birinci seviye slipervizor). (Ikinci seviye danismarn) YOnetici
Destek :
Supervisor of investigator (First Department Head level (Second Management with overall
Sponsorship Line Supervisor). Line Supervisor). responsibility for Safety Health

Environment for the site.
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Vaka Calismasi Case Study

5

Kaza Profili / Accident Profile
Boru hattinda meydana gelen kagak, yangin
Baslik / Title ve bleve
Leak, fire and bleve from a pipeline
Tarih / Date 30.04.2006
NE) TRl nceltetaimt Biylk Kaza / Major Accident
Type
Endustri / Industrial |Petrokimya, Rafineri / Petrochemical, Oil
Activity Refineries
iEEeEIE {peiitse Bekra / EU Seveso Il Directive
under
Bekra / Seveso Il Status |Ust Seviyeli / Upper Tier
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Orneklerle Basingl Ekipmanlarda Yasanan Biiytik Endiistriyel Kazalarin Analizi

FINDUSTRY

Vaka Calismasi Case Study

Olay Zaman Cizelgesi Incident Timeline

Isyeri, kirllma noktasina bir conta bilezigi The company decided to seal the leak by
monte ederek sizintiyr kapatmaya karar installing a sealing collar on the located
verir. Calisanlar ilgili boru bolimiindeki  rupture point. The workers dismantled the
boru yalitimini sékerler. Yalitim piping insulation (latten and rock wool) in
kaldinldiktan sonra metroya dogruakan  the corresponding pipe section. After the
sicak (60° C) hidrokarbon dokuntusu insulation had been dismantled the spill

miktari hizlanur. increased with hot hydrocarbons (60° C)
spraying downwards towards the subway.
Boru eksenine paralel olarak 30 ° aci The approx. 30 mm long fissure, parallel to

yapan yaklasik 30 mm uzunlugunda catlakthe pipe axis presented a 30° angle
olusmustur. Sivi bir hidrokarbon havuzu generating line. A liquid hydrocarbon pool
olusmus ve egim nedeniyle en azindan ilk formed and spread at least up to the first

tespit noktasina kadar yayillmistir detection point due to the slope inclination
(borudaki sizinti noktasindan yaklasik 60 (some 60 m from the leakage point in the
m). pipe).
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Orneklerle Basingl Ekipmanlarda Yasanan Biiytik Endiistriyel Kazalarin Analizi

FINDUSTRY

Vaka Calismasi Case Study

Olay Zaman Cizelgesi

Incident Timeline

Bu asamada, kacak tespitinden yaklasik At this stage, approximately 3 hours after the

3 saat sonra, sahadaki acil mudahale
plani tetiklenir:

- itfaiyenin seferber edilmesi,

- ihtiyati tedbir olarak, sizinti ile
baslayan boru hatlarinin yalitilmasi,
- SS114'ten yola cikan yolun
kapatilmasi

tfaiye baslangicta iki acil midahale
araci harekete gecirerek duman cikan
bolgeye kopluk sikar.

Saat 17: 42'de, sahadaki itfaiyenin
vardiya amiri yanginin kontrolden
ciktigini anlar anlamaz Siracusa'daki
kamu itfaiyesini uyarir.

leak detection the onsite emergency response
plan was triggered:

- mobilisation of the onsite fire brigade,

- isolation the pipe lines starting with the
leaking one, as precautionary measure,

- closure of road ex SS114 passing through the
establishment

The onsite fire brigade mobilised initially two
emergency response vehicles, spraying foam on
the area were the smoke was generated.

At 17:42 hrs the shift commander of the onsite
fire brigade alerted the public fire department in
Siracusa, once he understood that the fire was
out of control.
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