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Process incidents typically result from errors or conditions that can ultimately be traced to

breakdowns in management control.
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Occupational Health and Safety Process Safety

“Personal safety” “Safety in the process industries”
® Workplace rules ® Collective commitment
® Worker training ® Addresses events over which the-individual worker has little or
® Supervision no control
® Individual behaviors ®" Focus on system$
B Safety equipment ® Low frequency
® Focus on individual well being ® Broader impact — events that could affect groups of workers or
® High frequency general public (High severity)

® Low severity
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Ref: https://ichemeblog.org/2014/11/09/ten-differences-between-process-safety-and-occupational-safety-day-166/

http://www.cmse.iefenvironmental-health-and-safety-ehs-consultancy-services/process-safety/



Occupational Health Hazards L?'iﬂ'a%’aaﬁ’u

1A3293n5 (Machine)

wiisi (Boiler)

I ussgaasaunsallWin (High Voltage and Electrical
Equipment)

AUsDU (Heat)

welgg319 (Light)

158909 (Noise)

598 (Radioactive)

AU Wi azeeed5iAsl (Dust, Fume, Mist)

mw‘hmuﬁga (Work at Height)

nsvireulufisuennia @ifiuazbifiansiad)

(Confined Space with_and without Chemicals )
mwua’ha’a’mq (Material Transfer)

nmﬁu"’a’aquasmimﬁ (Material and Chemicals Storage)

May cause acute or chronic health hazards

Process Hazards 1ng7U991u

d151adlouns18518use (Highly Hazardous
Chemicals)

nN15326ba (Explosion)

Fuszin (Explosive Dust)

Iwlndl (Fire)

melaln (Flammable Gas)

va9waqlalW (Flammable Liquid)
YaepaNvaIn1Lazvaavailal (Mixture of
Flammable Gas and Liquid)

AUAULAY (Overpressure)
UfRzenaiinaruaulaild (Runaway Reaction)

May cause process hazards
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Process Safety Management cngincers

o 1. PSM (14 Elements ) o 2. Risk Based Process Safety Management
OSHA 29 CFR 1910.119 (RBPS 20 Elements )
10. Safety Management o 3.Safety Management
System for the System (SMS)
Metalworking Industry

o 9. Responsible Care (RC) by
BASF

4. Integrated

Management System

o (IMS)

O 8. American Chemistry

. : - ISO 9001
Council (ACC) Responsible
- ISO 14001
Care (RC)
- I1SO 22301
-1 1
o 7. APTRP 750 SO 31000
- ISO 45001

(11 Elements)

(1N OHSAS 18001)
- TIS 18001-2554

- SA 8000
(12 Elements) 10

o 6. EPA Risk Management o 5. Operational Excellence
Program (10 Elements) Management System: OEMS



AIANTUNITUUY Integrated PSM

AW. Lothongkum

IEAT’S PSM REFERS TO OSHA 29 CFR 1910.119

14. Trade Secrets 1. Employee Participation (EP)

2. Process Safety
Information (PSI)

- “Zero
13. Compliance Audits ‘\o‘ .

. 3. Process Hazard
12. Emergency Planning \ Analysis (PHA)
and Response (EPR) *
# 4. Operating
b AL Procedures (OP)
11. Incident LEADERSHIP&
Investigation (II) COMMITMENT
‘ i 5. Training
L]
= 3
10. Management 2 @
5 Y -
N 6. Contractor Safe
of Change {(MOC) r), \\'J Management (CSh%.
" o 4
&,
‘/f "
4 ’q, A \ Vi
) i i
9. Hot Work and _ SN2 7.Pre-startup Safety

Non-routine Work Permits Review (PSSR)

8. Mechanical Integrity (MI)

Fian: http://www.ratchakitcha.soc.go.th/DATA/PDF/2559/E/111/17.PDF

T L

10.
11.
12

13,
14,

Engineers’

A1sNEIUTINVBINLNIIN (Employee Participation: EP)
%’agamwﬂaaﬂﬁaﬂizmumiwaﬂ (Process Safety Information: PSI)
N19IAIIZVOUATIBNIZUIUNIIHER (Process Hazard Analysis: PHA)
%’u@aumiﬂﬁﬁamu (Operating Procedures: OP)

N1sHNausN (Training)

N133AN15ANUYaRANBE3 UM (Contractor Safety Management:
CSM)

TN N R P T S R EPTE T C R (Pre-startup Safety
Review: PSSR)

auwsauldvataunial (Mechanical Integrity: M)

sy IAinauiiensvilfiAnauFeunazUsznieln (Hot Work
Permits) wazn1saygynsinauilaldsuuszan (Non-routine Work
Permits)

n13eRnIsNIsATULUaS (Management of Change: MOC)
n1saauaIuauinisal (Incident Investigation: I1)
N15LATENAINNTBNLEEN1IABULANTERNIAU (Emergency Planning
and Response: EPR)

N139529UsuNsUR IR MY mUe (Compliance Audits)

AIUAUNIINISA (Trade Secrets) 11
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M09 TINAITNI LN IN VAT AN

X O\
H (nIa-1Ua R
P ) %)Y

Vapor Pressure (ﬂ’Jmﬁu"lfz))

=
Boiling Point (0A190)

Vapor Density (ANHH 11U 19)
Specific Gravity (RN I UN)

Water Solubility (ﬂ31Nﬁ1N1§ﬂa$ﬂ1ﬂﬁ1)

Flammability (n213¢1214)

Expansion or Liquid-gas Ratios (801510 5UeN8AIV89UNT)
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1. 1wad gl

-mshlvl (Flammables)

Flammable Gas

Flammable Liquid
Flammable Solid

2. s91n
- Ingsziin (Explosives)

- m1seend lng (Oxidising Agents)

15
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3. OUATIYADFUN N
- ;3w (Toxics)
- msnansewu (Corrosives)
- @13nen3e (Carcinogens)
a v
4. aMINgoN

= Polychlorinated Biphenyls (PCBs)

- Polychlorinated Dibenzodioxins (PCDDs)
- Polychlorinated Dibenzofurans (PCDFs)
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- M9mM 311819 (Inhalation) gaas
- a1

- MNNINUQ (Skin) MIRA NITINRIUNNIYNYY

Aou lui AIHIITIMBN AB1ide

) A A 5
- M91hn (Ingestion) Msnu wilouorrig i

o
/5>

19



ANHUZMSINANH

manansuuyReuway (Acute Effect)
s 5 = = Y & r di’ e’/
— mslasvasnsuned nie lnsuraleaieneiiesniely 24 ¥2lug
msnansuunuReunay (Sub-acate Effect)
Y 5 = = Y & r di’ =
— mslasvarsnsuned nie lnsuralensnemesnely 1 wou
=y = 43! é, o °
munanwsuuunusess (Subchronic Effect)
s 5 = = Vs & r di’ =
— Mm3lasumInsune? nie lnsuralensnemesniely 1- 3 ey
=y = /—'g 4 °
mamanwuvisess (Chronic Effect )

Y 5 = =l Y & r di’ r e
- ﬂ?i?ﬂiﬂ@qﬁﬂﬁxﬂﬂﬂ? ﬁi@?ﬂ?ﬂ?’ia7£Iﬂ5x‘iﬂ@!u@\?ﬂ7ﬂﬂ37 3 N
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Various Responses to Toxicants

Eftects that are irreversible

Carcinogen causes cancer

Mutagen causes chromosome damage
Reproductive hazard €auses/damage to
reproductive system

Teratogen causes birth defects

Effects that may or may not
be reversible

Dermatotoxic affects skin
Hemotoxic aftects blood
Hepatotoxic attects liver
Nephrotoxic affects kidneys
Neurotoxic affects nervous system
Pulmonotoxic affects lungs

21
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c:; o YV = |
ﬁ1'§7|ﬂﬂ‘l"i!ﬂﬂﬂ1’§'§$ﬂ1ﬂ!ﬂ@ﬂ (Irritants)

A Y A A A
fsﬂ’iﬂ'ﬁﬂﬂ?ﬂigﬂ’ﬂﬂﬂﬂ"li!‘i]‘l!cl‘t!luﬂlﬂﬂ (Asphyxiants)

c:;d U o
mi‘nuauumﬂumaau (Anesthetic)

C;.C! Uy =
asndauvailueanaa (Narcotics)

s

15NMNOUATIUADOIY I (Systemic Poisons)

A15ADNL39 (Carcinogens)

= =

=§ o Y
a13nn ﬂ‘l"i!ﬂﬂaﬂﬁgll (Teratogens)

U
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The Globally Harmonized System

of Classification and Labelling of

Chemicals (GHS)

szuu GHS Wus:uuamnalumsHuunanulduduasiguazdoasadudu
duasisyavaisini lusUuuuvovaain (Label) uazonaistoyandulaonans
(Safety Data Sheet : SDS) wialkudazUs:inAaiuisadoaisuaziinlvdoya

Al uduasignifianaisiadlunANYIGeAU

rmenizod System of
and Labelling of
s (CHS]

s:UU GHS OmsikuadaAnunaaeaududunsio

ua:l§ska H CODE Bvatwisaqdayaniuiduldlu
mAnudAYaRATa GHS darhlas United Nation

"HAXX 1au 4 ugavtvanuilusuasiodadoudadou

wvgentlu 3 du
1. muuduasremomemw 17 du
2. auwWuduasiedaguniw 10 au

3. axwiluduasigdadoinadon 2 diu
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H200 wuedo Sags:oaliiadios sidadie
H300 Kuedy Wuduasiwiomelddonduniu
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Globally Harmonized System (GHS) of Classification and Labelling of Chemicals

GHS requirements from the U.S. Occupational Safety and Health Administration (OSHA) for classification.and labeling
of chemicals are as follows:

1. Hazard Classification: The standard requires chemical manufacturers and
importers to determine the hazards associated with the.chemicals they produce or
import. Information on the specific health and-physical hazards must be provided

to the consumer

GHS SDS: The standard requires safety data sheets (SDSs) to ensure consistency in
the presentation of important safety information about a chemical.

GHS Labels: Chemical labels must include the name of chemical as well as a signal
word, pictograms; hazard statement and precautionary statements that described
the hazardsassociated with the chemical.




Globally Harmonized System for Safety Data Sheet

Table. GHS Hazard Classes

Hazard Classes

Physical Hazards (17 classes) Explosives
Flammable gases

Flammable liquid
Flammable solids

Aerosols
Gases under pressure

Self-reactive substances
Pyrophoric liquid
Pyrophoric solid
Self-heating substances
Substance which, in contact with water emit
flammable gas
Oxidizing gases
Oxidizing liquids
Oxidizing solids

Organic peroxides
Corrosive to metals
Desensitized explosion




Globally Harmonized System for Safety Data Sheet

Table. GHS Hazard Classes

Hazard Classes

Health Hazards Acute toxicity (oral/dermal/inhalation)
(10 classes) Skin corrosion/ irritation:
Serious eye damage/ eye irritation
Respiratory.or skin sensitization
Germ cellmutagenicity
Carcinogenicity
Reproductive toxicology
Target organ systemic toxicity — single exposure
Target organ systemic toxicity — repeated

exposure
Aspiration toxicity

Environmental Hazards Hazardous to aquatic environment (acute/

(2 classes) chronic)
Hazardous to ozone layer

26



Globally Harmonized System for Safety Data Sheet

Table. GHS Pictograms

Group Pictograms

St

Health Hazard Flammability Compressed Gas

S D

Corrosive Oxidizers

b

Environmental Acute Toxicity Other Hazards

27



Globally Harmonized System (GHS) of Classification and Labelling of Chemicals

The Basic Parts of A GHS-Compliant Label

7 A -_— \\
iR _d n-Propyl Alcohol

UN No. 1274
CAS No. 71-23-8

3 » Highly flammable liquid and vapor. Causes serious eye damage.
May cause drowsiness and dizziness.

Keep away from heat/sparks/open flames/hot surfaces. No smoking. Avoid

4 » breathing fumes/mist/vapours/spray. Wear protective gloves/protective
clothing/eye protection/face protection. IF IN EYES: Rinse cautiously with

water for several minutes. Remove contact lenses if present. Continue rinsing.

~dije=—m 6

Fill Weight: 18.65 Ibs. Lot Number: B56754434
Gross Weight: 20 Ibs. Fill Date: 6/21/2013 See SDS for further information.
Expiration Date: 6/21/2020

5 » Acme Chemical Company - 711 Roadrunner St. - Chicago, IL 60601 USA - www.acmechem.com - 123-444-5567

————————
1. Product Identifier - Should match the product identifier on the Safety Data Sheet.
2. Signal Word - Either use “Danger” (severe) or “Warning” (less severe)
3. Hazard Statements - A phrase assigned to a hazard class that describes the nature of the product’s hazards
4. Precautionary Statements - Describes recommended measures to minimize or prevent adverse effects resulting from exposure.
5. Supplier Identification - The name, address and telephone number of the manufacturer or supplier.
6. Pictograms - Graphical symbols intended to convey specific hazard information visually.

Sample label courtesy of Weber Packaging Solutions - www.weberpackaging.com




NFPA 704 Yhamfuasinil
1113914 NFPA 704 Y943 National Fire Protection Agency (NFPA)

NFPA lamviuathamnvensmiidy smss malusuail 4 a'laun
?; [=) s ~ s
auas (anuhl) @1y Euanaasgunw) mwmaess (hasilgisauai)
= ] ~ c:! A
1ay a1l (Special Hazard) Taaiseazoun no
@ W ningds msninmUfazeniuin (Water Reactive)
@ Ox v Oxidizer
= ] AN Ay
@ Cor vy Corrosive 1A NNGNEIANTOU
DY 0-4 UTAITZAUANNFUUT
YV
0 HoENIN
1 1ot
2 thunaig

34N

OO OO

4 THUT
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SDS: Safety Data Sheet
(wuizen MSDS: Material Safety'Data Sheet)
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http://www.merckmillipore.com

http://www.chemtrack.org

H s o W F=Y =] o
. VBYANLINVMNIIAN BAaZUIHNANAA 1az/ 1309118 (Identification)

. muilsznausazveyamedINUaIUNaN (Composition/ Information on

Ingredients)

. ﬁ’faa&a%qmmsﬂué’umm (Hazards Identification)
; N1ﬂ§ﬂ1§‘l.|§3~l‘l/\lﬂ1‘lﬂﬂ (Kirst Aid Measures)

. HIATDINIPNAY (Fire Fighting Measures)

Y, A o e
. NW'Iﬁﬂ1§ﬂﬂﬂ1§!3~l®fiﬂ1§°ﬁﬂﬁﬁllﬁaﬁllﬂﬁﬁ1ﬁiﬂﬂ@‘ﬂﬂ!‘I"if’! (Accidental Release Measures)
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) v o«
7. MSVHEIABDUENSIAZNI1SIANY (Handling and Storage)

8. MIasguaNulasasy minugumssududarazmsfesnusaaiuynna
G VALY
(Exposure Controls/ Personal Protection) ainsauilosiuduasigaiuyana

9. aNUAMAANUAZMEMN (Physical and Chemical Properties)

10. anaasuaza Ny haemanal§isen (Stability and Reactivity)
11. ﬁ’fayaﬁmﬁﬁﬂm (Toxicological Information)

12. YOYANANITZNUADIZULINIA (Ecological Information)

13. Yodia15anlun1sn19a (Disposal Considerations)

14.

e

ayat‘im%f UNMTUUE (Transport Information)
k4 c:'l s Y o c:; c:'l k24 .
15. VaHaNYINUNHUIVIAVNINIVDY (Regulatory Information)
16 YoyaviL](Other Information) UsznaumsaatimazmsifSuilsaunly MSDS
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Toxicology Terms, e.g.,

Threshold Dose:
Lowest value on the response versus dose curve

Threshold limit value (TLV):
Airborne concentrations that correspond to
conditions under which no adverse effects are normally

expected during a worker's lifetime, eight hours per day
(8 hrs a day, 40 hrs a week)

Permissible exposure limit (PEL):

Maximum concentration of any chemical'in the air
to which a worker may be exposed continuously for eight
hours without any danger to health and safety

Immediately Dangerous-to Life or Health (IDLH):

Value used. to describe hazards in which an acute
exposure to the hazard poses a severe risk of immediate
health damage, injury, or death. If unable to escape from
that exposure area within of 30 minutes

Engineers’

TLV Type

TLV-TWA Threshold limit value-time-weighted average

TLV-STEL

TLV-C

The concentration for a conventional 8-hour workday and
a 40-hour workweek, to which it is believed that nearly all
workers may be repeatedly exposed, day after day, for a
working lifetime without adverse effect.

Threshold limit value-short-term exposure limit

A 15-minute TWA exposure that should not be exceeded at
any time during a workday, even if the 8-hour TWA is
within the TLV-TWA. The TLV-STEL is the concentration to
which it is believed that workers can be exposed
continuously for a short period of time without suffering
(1) irritation, (2) chronic or irreversible tissue damage, (3)
dose-rate-dependent toxic effects, or (4) narcosis of
sufficient degree to increase the likelihood of accidental
injury, impaired self-rescue, or materially reduced work
efficiency. Exposures above the TLV-TWA up to the TLV-
STEL should be less than 15 minutes, should occur no more
than four times per day, and there should be at least 60
minutes between successive exposures in this range.

Threshold limit value-ceiling
The concentration that should not be exceeded during any
part of the working exposure 34
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Methane - LEL: 5% by volume in Air / UEL: 17% by volume in Air
2.5%
. by Volume % 3
OMMA L ades - - 0% | 5% @ __ape—  1T% 100%

; by Volume by Volume -——EM " by Volume by Volume
| Non-Explosive (too lean) | Explosive Range | |
<«—— 0% of LEL p|4 bld >|

s L4 0% 2.5% Methane 100%
100Ie] LEL = 50% LEL LEL UEL

anaviagulw (Fire Triangle) 35



Table: Flammable Limits of Combustion Gases and Vapors

Gas LEL UEL
Acetone 26 130
Acetylene 25 1000
Acrylonitrile 3.0 17
Allens 1.5 11.5
Ammonia 15.0 28.0
Benzene 1.2 79
1.3-Butadiene 2.0 120
Butane 1.8 84
n-Butanol 17 120
1-Butene 1.6 1000
Cis-2-Butene g B oy
Trans-2-Butene 7 oy
Butyl Acetate 14 B.0
Carbon Monoxide 125 FA0
Carbonyl Sulfide 120 200
Chlorotrifluoroethylene g4 8.7
Cumene 0.9 b5
Cwvanogen 6.6 320
Cyclohexane 13 78
Cyclopropane 24 104
Dreuterium 449 i T
Diborane 0.8 830
Dichlorosilane 41 08 &
Diethylbenzene 08, J — -
1.1-Difluoro-1-Chiomethane T 148
1L 1-Difluoroethane AL T 171
1,1-Diflucroethylene 55 713
Dimethylamine 78 144
Dimethyl Ether 34 70
2. 2-Dimethylpropane 14 7.5
Ethane 3.0 124
Ethanol 33 15.0
Effyl Acetate 2.2 11.0
Fthyl BeriZene 1.0 6.7
EthyviiChloride 38 154
EBthvlene 27 a0
Ethvlene Oxide 36 1000
Gasoline 1. 7.1

Source: www.mathesontrigas.com

Gas LEL UEL
Heptane 1.1 5.7
Hexane 12 74
Hydrogen 4.0 50
Hydrogen Cyanide 56 400
Hydrogen Sulfide 4.0 4440
Izobutane 18 84
Isobutylene 182 I
Isopropanol P = Y
Methane 5.0, lEl-'ﬁ:
Methanol T4 2350
Methylacetylene = 7
Methyl Bromide f lﬁ:ﬁ 15.0
FMethyl-1-Butene 515 @1
Methvl Cellpsolye 25 2.0
Methyl Chloride 70 174
Methyv] Ethyl/Ketone 1.0 10.0
Methvl®Mercaptan 39 218
Methyvl ¥in¥l Ether 26 3.0
Monoethylamine a5 14.0
Monomethylamine 49 M7
Mickel Carbonyl 20 -
Pentane 14 78
Picoline 1.4 &
Propane 21 2.5
Propyvlene 24 11.0
Propylene Oxide 2.8 Fr.0
Styrene 1.1 =
Tetrafluoroethylens 4.0 4340
Tetrahydrofuran 20 o
Toluene 1.2 1
Trichloroethyvlene 120 4000
Trimethylamine 20 120
Turpentine 0.7 e
Viny] Acetate 26 =
Viny] Bromide 9.0 14.0
Vinyl Chloride 4.0 2x0
Viny] Fluoride 26 L s
Xylene 1.1 [




Incompatible or noncompatible chemicals give an
undesired chemical reaction when mixed. This usually
refers to substances that will react to cause an
imminent threat to health and safety through an
explosions, fires, and/or formation of toxic materials.
The term can also refer to an unwanted change in the

physical or mechanical properties of the materials.

D.'l YV o k4 =X c:; d' s =
arsAnnulild visnegds msfitenauiuazing
OUNE HADIDYMNANID1D 1NHOUN 1Y dUATIEN
maduaInMslgisenguussauiannusorgs
(Severe Reaction and High- Temperature) HIoNAMS
52109 (Explosion) ¥i300121%UNaNY (Toxic Gases)

2 o
visouna 1 (Flammable Gases) 29031

Chemical Class or Chemical Name

Alkaline and alkaline earth metals, such as

Sodium, Potassium, Cesium, Lithium,
Magnesium, Calcium

Acetic acid

Acetic anhydride

Acetope

Acetylene

Alkali & alkaline earth metals (such as
powdered Aluminum or Magnesium,
Calcium, Lithium, Sodium, Potassium)

Aluminum alkyls

Ammonia (anhydrous)

Ammonium nitrate

Incompatibility Reference Table

Incompatible Chemicals

Carbon dioxide, Carbon tetrachloride,and, otherghlgrinated
hydrocarbons, any free acid or halegen,/Do.not Use water,
foam or dry chémical on fireSanvolving these metals.

Chromic acid, NitficCacidhydroxyl compounds, Ethylene
glycol, Perchlericacidperoxides, permanganates.

Chromic acid, Nitric acid, hydroxyl-containing compounds,
Ethylene glycol, Perchloric acid, peroxides and
permanganates.

Concentrated Nitric and Sulfuric acid mixtures.

Copper, Silver, Mercury and halogens, Fluorine, Chlorine,
Bromine.

Water, Carbon tetrachloride or other chlorinated
hydrocarbons, Carbon dioxide, and halogens.

Halogenated hydrocarbons, water.

Silver, Mercury, Chlorine, Calcium hypochlorite, lodine,
Bromine, Hydrogen fluoride, Chlorine dioxide, Hydrofluoric
acid (anhydrous).

Acids, metal powders, flammable liquids, chlorates, nitrites,

Sulfur, finely divided organics or combustibles.
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Examples of Incompatible Chemicals

Chemical Compatibility Chart

|inorganic Acids
anic acids

1
2

3 |Caustics
4 ines & Alkanolamines

$ |Halogenated Compounds

68 |Alcohoils, Glycols & Glycol Ethers
7

B8

9

10

AL AL AL AR
»
x
]

Aldehydes

|Ketone

|Saturated Hydrocarbons ]
lAromatic Hydrocarbons ;

11 |Olefins 11
12 |Petrolum Olls 12
13 |Esters

‘14 |Monomers & Polymerizable Esters
15 |Phenois

16 |Alkylene Oxides

17 |Cyanohydrins

18 [Nitriles

19 [Ammonia

20 |Halogens

21 |[Ethers

|Phosphorus, Elemental

AL
x

13

x| x
»

15 (5 X
b
-
-]

17

X 10¢ [ |¢ [x

%

18

>
x
% | [ |2

X [x x|
% 3¢ |5¢ | %

x
b
x
®
»
b
X
x
*
% |x
x
x

NN_
o
x

L

x

22
23 [Sulfur, Molten XX |X|Xx
24 |Acld Anhydrides X X | X X | X X

leupn—nh Unsafe Combinations

[ Jrepresents sate combinations

Ref. Robert C. Byrd Health Sciences Center, West Virginia University



U U http://www.csb.gov/

@SB U.s.CHEMICAL SAFETY BOARD

An independent federal agency investigating chemical aceidents to protect workers, the public, and the environment.

ABOUT THE C5B INVESTIGATIONS RECOMMENDATIONS MEDIA ROOM VIDEO ROOK EN ESPANOL

CSB Safety Spotlight

Highlinhting the important role of individual state
governments

U.S. Chemical Safety and
Hazard Investigation Board
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Chlorine Gas Release

CASE STUDY, B>

-

U.5. Chemical Safety and Hazard Investigation Board

Key Lessons for Preventing Inadvertent Mixing - e,
During Chemical Unloading Operations lsgm

Chemical Reaction and Release in Atchison, Kansas ical Transfer Equipment
. d and Remote
MGP! Processing, Inc. ency Shut-offs
Incident Date: October 21, 2014 ‘ 9
Over 140 Sought Medical Attention, 6 Hospitelized * Pipe Ma rkings
No. 2017-01-1-KS e Chemical Uﬂ!lﬂdiﬂg Procedures
Published December, 2017 * Human Factors
* Emergency Planning
NFPA 704
Diamond Hazard Yalue | Description
’ Health 4 Can be lethal.
@o ’ Fla mmakility il Will not burn under typical fire conditions.
:} In=tability ] MNormally stable, even under fire conditions,
C Speacial ox Possasses oxidizing properties.

Further Information

www.csh.gov -

_ (ﬁﬁ“ﬁiﬂu Youtube %0 Mixed Connection, Toxic Result)




These two chemicals, when combined, can form chlorine gas and other chemical
compounds.

41



Process Safety
Beacon

The Process Safety Beacon is a resource aimed at
delivering process safety messages to plant operators
and other manufacturing personnel. The monthly one-

page newsletter covers the breadth of process safety
topics.

Process Safety Beacon Archives

The Process Safety Beacons Archive includes all past Bedcons andis.available to everyone to download and share. Reproduction for non-

commercial, educational purposes is encouraged. However, réproduction for any commercial purpose without express written consent of
AIChE is strictly prohibited.

Filter by All Languages‘Stcrage Tanks >

January, 2024- An error trap leads to a catastrophe

September, 2022 - Lightning Strikes — YIKES!!

August, 2022 - What's an Acceptable LEL Detector Reading?

https://www.aiche.org/ccps/process-safety-beacon
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Be aware of chemical reaction!!! Vinyl chloride monomer (VCM) is a raw material for production of polyvinyl chloride
(PVC). VCM obtains from direct chlorination of ethylene and chlorine to ethylene dichloride (EDC), followed by
pyrolysis of EDC. However, because the EDC pyrolysis process also produced HCI as a co-product, thus corrosion pipe
in the process should be considered. The industry develops ethylene oxychlorination process where the ethylene reacts
with HCI and oxygen to form EDC. The processes of direct chlorination, EDC pyrolysis, and ethylene oxychlorination

are shown in the below Figure.

Direct chlorination: Ethylene + Cl, —> EDC

EDC pyrolysis: EDC —> 2 VCM + 2 HCl

Ethylene oxychlorination: Ethylene + 2 HC1 + % O, —> EDC + H,O

Rl | el I Rl | ol I Bl N e R o
Light ends l
s Ns Vent l_, L -

Catoxid HCI } { ] J { J J
Oxygen C Wet EDC
Ethylene Recycle HCI Wastewater Air/foxygen Fthylene Chlorine EDC

@%‘rt)_» l . Dry EDC Hydrogen Vi"g:fg:,?;;ide
E—=. A - LT

Cracking heavies
Recycle EDC

Heavy ends A

| S VCM HCI

Direct chlorination ECD heavy ends
reactor separation

EDC pyrolysis | EDC pyrolysis | | HCI separation

furnace quench
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according to Regulation (EC) No. 1907/2006

Version 8.1

Revision Date 23.08.2023

Print Date 28.09.2024

GENERIC EU MSDS - NO COUNTRY SPECIFIC DATA - NO OEL DATA

SECTION 1: Identification of the substance/mixture and of the company/undertaking
1.1 Product identifiers

Product name

Vinyl chloride

SECTION 2: Hazards identification

2.1

2.2

Signal Word

Classification of the substance or mixture

Classification according to Regulation (EC) No 1272/2008
Flammable gases (Category 1A), H220

Gases under pressure (Liquefied gas), H280

Carcinogenicity (Category 1A), H350

For the full text of the H-Statements mentioned in this Section, see Section 16.
Label elements
Labelling according Regulation (EC) No 1272/2008

Danger

Hazard statement(s)

H220 Extremely flammable gas.
H280 Contains gas under pressure; may explode if-heated.
H350 May cause cancer.

Precautionary statement(s)

P202 Do not handle until all safety/precautions have been read and
understood.

P210 Keep away from heat, hot surfaces, sparks, open flames and
other ignition sources. No smoking.

P280 Wear protective gloves/ protective clothing/ eye protection/ face
protection.

P308 + P313 IF exposed or concerned: Get medical advice/ attention.

P377 Leaking gas'fire: Do not extinguish, unless leak can be stopped
safely.

P410 + P403 Protect from sunlight. Store in a well-ventilated place.

Supplemental.Hazard

none

Statements

Restricted to professional users.

SECTION 5: Firefighting measures

5.1

5.2

5.3

5.4

Extinguishing media

Suitable extinguishing media
Water Foam Carbon dioxide (CO2) Dry powder

Unsuitable extinguishing media
For this substance/mixture no limitations of extinguishing agents are given.

Special hazards arising from the substance or mixture

Carbon oxides

Hydrogen chloride gas

Combustible.

Pay attention to flashback.

Development of hazardous combustion gases orvapours possible in the event of fire.

Advice for firefighters
Stay in danger area only with self-contained breathing apparatus. Prevent skin contact by
keeping a safe distance-or by wearing suitable protective clothing.

Further information

Remove container.from danger zone and cool with water. Suppress (knock down)
gases/vapors/mists with a water spray jet. Prevent fire extinguishing water from
contaminating surface water or the ground water system.
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These compressed  substances are potentially dangerous because they are

pressurized, and maybe flammable, corrosive, toxic, and/or extremely cold.

\.

NIN: Jack Ballinger. 1999. Chemical Operator's Portable Handbook. McGraw-Hill Professional Publishing.
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TABLE 9.3 E‘IL-ih,i'.\_“ I Some Compressed G

Common compressed gases

Hydrogen telluride 5.803 0.363 41

7) Ammonia gas (NH,) e 263 01669  -1450 102

e i 4 apecih
[t ( 70..'(“.‘"% | % _1 i
Acetylene 1.173 0.07323 818 = 8 € 0.3832
1) Inel‘t gaSeS Al 1.2929 0.08071 - )‘ y 0 ’\\
Ammonia 0.7710 0.04813 =75 33.5 0.5202
2) Compressed air s N s s
Carbon dioxide F.9769 0.12341 57 -80 Subl 0.2025
3) Chlorine gas (Cl ) Carbon monoxide 1.2504 0.07807 207 191.5 0.2425
2 Chlogne 3214 0.2006 101.6 34.7 0.1125
Etharte 1.3566 0.08469 172.0 -88.3 0.3861
4) Acetylene gas (C H ) Ethy! chlogide 2.870 0.1793 138.7 12.2 0.2750
2 2 Ethylene 1.2604 0.07868 169.4 103.8 —
. . Fluorine 1.696 0.1059 223 187 0.182
5) Acid gases: hydrogen chloride, hydrogen sulfide, and sulfur Helium 01784 001114 -2 26894 125
Hydrogen 0.08988 ).005611 259.14 252.8 3.409
. . Hydrogen bromide 3.6445 0.22752 86.7 8.7 82
ledee Hydrogen J:Iu::.f: 1.6392 |: 10233 111.3 f\ “J“I"H
Hydrogen fluoride 0.922 0.0576 923 36.7 0.343
. Hydrogen iodide 5.789 0.3614 -51.3 ~35.7 0.0¢
6) Alkallne gases Hydrogen selenide  3.670  0.229 64 42 f . ;
Hydrogen sulfide 539 0.09608 86 -62 0.2451
|

8) Hydrogen gas (H) 717 "}f;] 825 1614 05929
‘the ).1317 138 24.9

thyl ether 2. 1098 |
eI 0.9004 0.05621 248 .67 2459
9) quuefled petroleum gases Nitric oxide 1.3407 0.08367 167 153 0.232
Nitrogen 1.2506 0.07807 209.86 195.8 0.2438
. litrous oxide 1.978 0.1235 102.4 890.8 0.2126
10) MethYI acetylene propadlene (MAPP) Uxygen 1.42904 0.089212 218.4 183.0 0.2175
Phosphine 1.529 0.0955 133.5 8§7.4 -
Ph sgene 4.531 0.283 118 83
1 1) Oxygen (02) gas Propane 2020  0.1261 189.9 -44.5
Silicon tetrafluoride  4.68 0.292 - 68
Sultur dioxide 2.9269 0.18272 76 - 10 0.1544

s Jack Ballinger. 1999. Chemical Operator's Portable Handbook. McGraw-Hill Professional Publishing.



SAFE OPERATION

o~

SAFE HANDILING, TRANSPORT AND STORAGE

£

gas cylinders.

Handling cylinders correctly.
To lift or lay a cylinder,
bend your knees and

larger cylinders
are located at
the back and
smaller cylinders
in the front for
mixed cylinder
configurations.

Always ensure gas
cylindersin storageftransport pallets
are appropriately restrained and
positioned safely based on sizing
to prevent unplanned movement.

Riways use appropriately rated devices

Beware of leaks Leaking flammable gas may

Riways franspost gas
cylinders ina well

£as equipment

Close the valve
when not in use,
even if the cylinder
is empty.

Miways separate oxygen and fuel

Place a half hour rated firewall
hetween fuel and oxygen gases when
space is limited.

Rlways store gas
cylinders outdoors.

If you must stare
indoors, ensure it is in
an adequately

ventilated area at all
times.

wheel valve, use
your hand instead.

subject them
to shock, heat,
arc etc.

%

Cylinder OR Code  Manufacturer's
contents tosafely  contact details
data sheet

-

Follow gas equipment start up, shut

Beware of when moving gas cylinders to avoid gases, such as acetylene by at least down, and disconnection advice.
trapped hands manual handling where possible. 3m when in storage. Must comply with eylinder value

when you handle AS4332 Never use a tool

cylinders. to open a hand

Kever turn Valve fitting T
yourback = SISl 20090 oo Ensure gas Riwayskeep clean. O, grease and other
on unsecured 05 METRE equipment is { particles.may cause flash fire when exposed
Lot @ a0 ] L rated to the to oxygen.
pressure of :
::E;']Ej;;rfgack Neuer tighten
Never try to with correct leaking joints under
ca;tcillaialimg aiit &8 onnection pressure.
s for thegas type. Replace if fittings

or gauges are
damaged.

Riways wear : 22t Always secure cylinders to prevent them
safety gloves cause an explosion. Leaking inert gas may Markings
Sty s:gety e calse suffocation ;Einelszallmg. and Prevent unauthorised 55 for Use pressure rated
when handling : identifying the hoses with approved
cylinders. . . cylinder and specification.
Ways restrain its owner.
cylinders upright when Replace
" transporting. Cylimier bady worn hoses.
Ways use a Respect them
trolley to move and do not Only use approved oxygen compatible hoses,

pipelines and fittings with oxygen.

Rvoid leaks
Gases such as
acetylene catch
fire easily. Check

Ne smoking
when moving near gas Always ensurlp.t
Always ensure cylinders. cylinders. pressure regulators

and fittings are in
good working order
and never tamper
with them.

Rlways install flashback
arrestors at both regulator
end and torch end when
using oxy-fuel gases in
cutting/welding/heating
applications.

straighten your back. vertilated veliicle NOF Bispiay the cylinder Idemification for leaks with :
Get someone to help you in-a passenger cak. appropriate DG non-caustic an
handle large cylinders. signage when Proper Major hazards oxygen approved
Fanspurthiz el shipping Class and safety solution. S ource:
Disconnect all storing gases. name diamond  information .




3msdwulreduansaiiiovunisu: 38msdwuleduansaiiiovuniz:
USSQENSIATNA-INQIUIUNSIE gm  apy  USSAAISIAUA:T0QAUTUNS TG

IAIWIUNSIY s-1uald : ] . 4.d1sfinio

=T,

arsaunsaaninawiluny ! . 8.a1sfnnsau

WA SAFETY IN THA! ey www.swasulng.com ¢ EFVCLU TGRS O B V8 SAFETY IN THAI S www. iswWéasulng.com O Safetyinthai.com




38msdwudredyanuaiidovunisu:
USSPASIATILA:I0QaudunSI

v

Uui 3 QKUIBIaY

5) Bl0dKS 6] A1SWHKS i . T,

9) JoquAtidugalidnagluus=tan
01 - 8 uidnuauududuasiy

WY} SAFETY IN THAI @ www.tsWasulng.com @ Safetyinthai.com

A9874

Aslubiwna:luiiduwy

Tubw Tuiluwy ndotoifas:Tald KanMBU:USSION
ns:INNENVIISY KSaldsuAdLSoUgLOINNIBUDN

U Msoandiou Mululaspukas fsmsusulasonlsd
ADWIALVSUASTY : INaUIaIKa ITEVINEURAEUDVIKAD-
ISUDQ ISVSORNNA aza:INQIFUBUEIUNTBU:USSD)
msUavriua:annnuIdsy : KaNIAELNSEUNETOVIKAD
Asolka TSuhdanau a9 10UGEITNS:VUIKQ

il

49



¢ Y w ¥
ailnsalnunsssnnuilasassarvunna

%30
d W L}
ailnsanlesnuouneaIuynna

(Personal Protective Equipment)

Tdganldasvudrunidsdrulansa
wal1gdIutNaUaINUKRTaanAI TN
sunsIgaImsuszau AU

mﬂihﬁt (&ﬁo Helmet)
qtln'mn]dmum'a
NI=UNNRATY

wiumniiaie (Safety qu-)

qtlmniﬂacﬁum‘nnnﬁ'u
Alauaziila

sanvriide (Safety Shoes)

T » o
gumshlasiunsuiadu

Huhuaztiooh

) v
'-. -
=, aumahlasiudunne
—_————_ ssuuminle
""_""---."

Aoy (Hearing Protection)

vunlasiiunsldsu
idmIRaiunna

dassviauuss (Reflective Clothing)

gunishlasdumwizam
daariauuas

A
Qtlmnn]mnumn1 T
mIaneIniga

50



N5UaINULAZAIUANIUATIHAINETISLANDUATIY Engineers’

A18819NYMNIENNIUINUNTTUBINULATATUANDUATIHAINFITLANDUATY

NIV IINLTINTIU NISNIPAEINNITIU

W.5.U. AUUANNY 910UILY LLaZaNINLIAaDN lUNITVNGIU W.5.U. 159971U

ﬂ{]ﬂiS‘VIi’JﬂLLi\’iﬂ"luﬁ"l‘lﬁuﬂﬁ"lﬂig"lust‘léﬂ'liU%‘Wli IANTT Lag ‘UiSﬂ"lﬁﬂiS‘Vli'Nﬂqﬁlﬁ"l‘WﬂiﬁJ 13949 AIMTINITAY

Jaaanaifganunisdanisansiadlulseanuanannssy
W.A. 2565

ALTUNITAIUAIUYADANY 9129 UNY Lagdan1nuInaauly
N15N19ULNYNVEITLALDUNSTIY W.A. 2556

W.5.U. INQIUATIY NIENTIQAFINNTTH
AUANUET 5.1-5.6

M
AR
Wy

L/




ﬂﬁ&ﬂﬁﬁﬂ?&ﬂﬁQquﬂﬁﬁﬂﬁﬁu

1594 HIATNITANNUABAAELNEINUNTAANTAITLAN LUTTIUDAFINNTTN W.A. 2565

Tseunadn ludNInsnIsANATaIANNUaannglunnsg
AU UNISLAEINUNITAANITAITLAN L1599

- T599uARRA lUNRAIN LAZIANENSTRNA
ANNUaaANTY ARIAISLAEN

- TssuaaRnlulaain Lazlanansiaya
ANMNUARANYY URIAISHAN

FUNANAUIAL LT

el 23 ARIAN 2565
AL 26 LHE1aU 2566 ttlupull

AL 26 LHEaU 2567 ttlusull

19997 24 UszinyneauiuduuLUNIg AAT18ULTRNA
ANTLANAUATIE

T5e9uLaninia 24 Ussinnaniludnuug Aa95184IU
UDNAANTLANAUATIH

N8l 20 LNENEY 2566

ey 22 AanAN 2566

52



ANHEINATINUSEAIANTENTIARKIUNGTH LTBY H1ATNITANNLUABRAE

LNAINUNFAANITAITIAN LUISIUAARIUNTTH W.A. 2565

/“ 2 =y T 1 9/ = =ﬂI=ﬂ [ =Y
Eﬂﬁ&ﬂﬂﬂﬂ@ﬂ’lﬁi‘i\‘lx‘ﬂu NHIEAITNIN Hﬂ?iﬂ‘ﬂ‘].lﬂ@ﬂ’Wﬁ‘Iﬁ‘\‘N’]%V]ﬂJﬂ’]ﬁ‘Lﬂ‘LIW?@

nsldanailunisdsznaufanislsasnu anduihsiuaanaananguangen

ANEIAYLIANUNNTAINGY
.

\

J

“KITLAN” MUIEANNNIN ATt lugtiaaldy 1@ma0 virafing Yieniduansiaen

LAYANTHAN YN0

“GIFLANDUASAL” UNILAIININ ZITANNAINITDAUNANN LU LA LA
RN AN FY Globally Harmonized System of Classification and Labelling of

Chemicals (GHS)
\

i

/

53



ANHEINATINUSEAIANTENTIARKIUNGTH LTBY H1ATNITANNLUABRAE

NEINUNNIFAANISAISLAN LULTINUARRINNSTN W.A. 2565 (6iD)

K"d’]‘i‘mﬁl’) (Substance)” ¥HNEIAIANIN mmm@ma?ﬂ@”ﬂ@wmﬂiuamuv \\
89INTA YTDAAANNNILLIUNTNARFN Vi sanfsanFuusia iy
33N ANLA R ITEN AL e a AR TR T WIUA T LN AR s
laisufsansdvinazanafignunsouanaenunandisaen lalag i uase

= =!i = 1 © D = d’ & ==|I
Lﬁﬂilﬁ“’llﬂﬂﬂ’]ﬁ‘lﬁ]ﬂ‘)‘lﬂ?ﬂiﬂﬂ/ﬁlﬁLﬂﬁﬂW?Lﬂ@ﬂuLLﬂ@ﬂﬂ\‘]ﬂﬂﬁ‘zﬂﬂﬂﬂl’ﬂ\‘]ﬂ’]ﬂﬁﬂq

\_ /

“@I5HAN (Mixture)” MHILAINNIT ANTHANUTDRNTAZAENLUTENALAIATLALN

=y = 1 =J 1 © oy as
@@wuma‘@mﬂmmiumﬂgm‘mm

54



ANHEINATINUSEAIANTENTIARKIUNGTH LTBY H1ATNITANNLUABRAE

NEINUNNIFAANISAISLAN LULTINUARRINNSTN W.A. 2565 (6iD)

“N15ARLAL” WNILAIINIT NNTIAALANTANSUATIE LS LU WNI LAY TN NN
Auerauie daulunisdsznauianiglaseu

/“meﬁmLﬁumemﬁﬁummﬂumme” PUNLANNULGNNITAALALANTLAN N
8178 lUa1A7 1799
=J -4 v e =
- paa e e viga
\- NaAL U asdp O LAITLANAUA TS y
\

“LURARNLRURITLANAUANTIY” UNNUAININ WiHNTn lsiatusnatuan LA lu
ar = ar :J:ﬂ 9/ = ::II ::II 2/ Qs = o~ | 9/ = c.:/

M landsumavTanneadesiuansaldunsy danaliianisialuaaes
AN9LANAURNIIE AT LU viTaseiin

. J

55



718 ¢ Wilsrnaunam4alssunadan idnianaaga umaUJuanaunan o Deunan & 1agdsenia adiaiagilas o Ag

e @ f v [~ o B
TnaNsn9298a UABIAT T UMSIAE UAAIN SUBIISHNI UUFA U U289 UAFIARB UNTE UEN kasAAN Ul VANNANSASI98a U1
Tulssunsaalinvnauaiuiinnsaagaula

MSUSKISIONIS

HU2Q masmsanudanans

anwdasanvasini Tumsdotnuansiadaunsiv
2

» msu:ussaaisiaddoaatmduninineg UGRUASURGO e

+ Joinseu SDS * DduoeumsufuGou )

- msswoudoyaansai = mstadoaiedu msmaphnh ‘ ki F'I"ISDLCIleUﬂ'lEJ?UE)'IF'I'IS

+ doi03su PPE ML coneadiiitade * MsSoalNUNIBUDNDIAIS

+ msinausulApAuaIsIADSUASIE Ik LRI

|

e . = Z d s I : - -

navdotasuinalulagroudasanslsooiu

masmsanudasane
TunistdansinifSunsio

iz i i i * misswoudoyaaisindduasiendnis
- " -« JorfukumsssJuiHganiauasinddunsie =

; “"mmi?ﬂ_‘.)—'“ «  downdsunswensiHaoondooriunmy tnumiststulsooiu

« msidowunmstdou - F0aSUMUNISSHIUIKGINEUATSINTSUOSTE doudsunl 23 ganau 2565

+  MsUaunu AoURL, Bado. HSordolos:He AURLITY Ussre ru SURA 25 wuey 2565

« msUdonudnAne -

HAndounasnurouLkunssssuHagdu

S

E AL

agaula ZuunAl u'[aﬂn:r| “Uaannﬂfroo1u o navduiasuinaluTlagaudasonalsooiu

0 novdaasunaluladgnoiudasanslisooiu



N1SUSUISAANISATNUAaRAN8d1sLIA L

o @
ATTUEU ';T'i'ﬂﬂ"l"il;ﬂﬂﬁ AaanLile .ﬂ"l‘l&l"'l‘l‘ﬂﬁl

ANaI AN Globally
o "
apAsaN SDS ilun1wlne

Harmonized System of

N9 ENTIUABYRFI1TLAN Classification and Labelling

ARLFATEN PPE of Chemicals (GHS)

N5 ENaUTNLAEINURITLANBURNTE

of






o L7 & =y
HIFATTINTAI Nﬂﬂﬂﬂﬂﬂﬂluﬂﬂﬁﬂﬂ LNUAITLAN

UMY

e &=
* NNgAM Lﬂ']_l.ﬂ‘TEIaI,‘L.!’ﬂ‘T FINg

L7 [ )
* AMFAALNUATEURNRTANS

59



UNIA
4

* ANWINIST LU

* MSULIWRYINNG LFI1%

* msUadnu AILAN
* msdasnuann;

’\gi

60



waan N19524UMADNLAUAITLAAD UATIE

* ARYNLKUNIFFTILLUARNLAUNIGTLANDUASE
* QAALATUNNTNEINS LRADAARDINLILEL
* ARAITULNUNIFIILLUARNLAUAIGLANDUA TIENUNUNIIY

* ANdaNLAENUNIULHUNITIHALWARNLAY

61



o 1 =]
HHZHI9THAND

\ - . ﬁ
: 3
nsu[samuqmmhnssuisisoaq grnssy

= s
Free Download nadaaasumalulagniiudasa felseay ngu
T530119AMHN 5N

http://reg3.diw.go.th/safety/wp-
content/uploads/2021/07/fire2552V.63.pdf

62



 Practice
Makes
Knowledge | ‘perfect

“More the Knowledge zT -
Lesser the Ego;

"Everything we hear
is an opinion, not a fact.
Everything we see
is a perspective, not the truth.”

- Marcus Aurelius
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o> Crourd

fo/the idealist
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oSt powerful

o~ weapon which
‘you can use to
change the world.

Nelson Mandela
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