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Michele Default

Fellow students hold a vigil for Yale undergraduate Michele Dufault.

=X : Nature, Vol. 472, 270-271, 2011. 4. 21.
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Description of Accident

A worker was installing lifelines
on a pitched roof at a worksite.
- He stepped on one of the roof
- §|I. AI'I'. AI'E:“ tiles which then broke under his
weight. The worker suffered
severe head and chest injuries

and eventually succumbed to
the injuries.

Causes and Contributing
Factors

» When the worker went up the
roof to install the lifelines,
he had stepped onto the
midsection of the roof tiles
where there was no support
structure. The roof tile hence
broke under his weight.

* He fell from a height of
4.8m through the roof.

1. Height of fall = 4.8m
2. Place where the deceased worker landed

£X: https://www.wshc.sg/wps/themes/html/upload/cms/file/Falls%20From%20Height.pdf



Description of Accident

A worker was carrying out drilling 1‘ ‘
i . =
operations at the 33rd level of a <
= building. While he was searching |
EI' AI‘ i l AI‘ E:“ for an electrical socket outlet to
T —1 :
connect an electrical tool,
he accidentally tripped on
an electrical extension wire that
he was holding and fell through
an opening within a wooden
barricade. He landed below

at the corner of the floor slab opening
2. Partition wall beside the floor slab
on the 32nd level. opening
3.The floor slab opening was meant for
a staircase before it was dismantled

Causes and Contributing 4.The 32nd level worksite below
Factors

* The 33rd level floor slab opening
measured approximately 4m in
length and 2.7m in width. The
depth from the 33rd level to
the 32nd level measured
approximately 4m.

————

» The floor slab opening was meant
for the staircase before it was S
A 1. The electrical distribution box at the
dismantled. It was not guarded corner of the floor slab opening

by any effective barrier to 2. The red-white tape and nylon rope

prevent falls used to barricade the two sides of
. the floor slab opening

3. The "Danger No Entry" signage

4. The wooden barricade (guarding

only one side of the opening and
not the remaining three)

EX{: https://www.wshc.sg/wps/themes/html/upload/cms/file/Falls%20From%20Height.pdf




Description of Accident

A worker, employed as a plasterer,
was seen moving up in the

xal Passenger and Material (PM) hoist.

T 1 AI.I" AI‘ al The PM hoist suddenly plunged to
the ground and the worker died
on the spot.

Causes and Contributing
Factors

* The PM hoist involved in the
accident had been retrofitted by
the hoist supplier with a machinery
plate with a motor drive unit and
a safety device.

« The most probable cause of the
accident is the failure of the
mounting bolts of the machinery
plate. The fracture of these
bolts caused the machinery plate
to detach from the hoist cage.

» The hoist cage slammed onto
the top of the drive unit, and
knocked off the machinery plate
with the drive unit from the rack,
resulting in the free-falling

of the hoist.
£X{: https://www.wshc.sg/wps/themes/html/upload/cms/file/Falls%20From%20Height.pdf

1. The dislodged machinery plate



Description of Accident

A concrete pump operator and
his co-workers were carrying out

AI'I'. AI' E:“ cleaning work on a platform which
was erected about 10m above
the bottom of the shaft.

The cleaning work was carried out

by means of inserting a sponge

ball into one end of the pipeline a¥

and feeding the pipeline with 1. Concrete pump

compressed air. The other end 2. Rubber hose

of the pipeline was equipped 3. Timbers on the platform
. : 4 Scaffold frame

with a rubber hose to discharge

the leftover concrete into a

container. The workers were

gripping the rubber hose while

the pump operator held down

the rubber hose with a steel tube.

When the sponge ball was
forced out from the rubber hose,

the hose swung suddenly and
hit the pump operator. He was
flung off the platform and = y =
1. Deceased was standing here prior
landed on Fhe bottom of the e ne
shaft. He died on the spot. 2. Rubber hose was placed on a

scaffold frame

£X: https://www.wshc.sg/wps/themes/html/upload/cms/file/Falls%20From%20Height.pdf
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E£X{: https://www.wshc.sg/wps/themes/html/upload/cms/file/Manual%20Handling%2003.pdf



Lasert! Al A| oA

A student suffered

l l permanent vision loss by
5 looking directly into the aser
: target chamber of a laser

j .I. experiment without safety

; LN -\ ovoar (recreated here). S afet
The injury resulted in a amn

multiweek shutdown of all
scientific work at the lab.
Be conscientious that
violating laser safely
protocols poses not only
a risk to the individual, but

also a severe imposition
to one's colleagues.

A cultural change among experimentalists is required to make laser eye accidents, such as this retinal burn from an Nd:YAG
a thing of the past. '

=X : http://mrl.illinois.edu/sites/default/files/pdfs/Spectra_March2005.pdf



Organic Solvents, Acids F3Al CtX A1l

- Do not put acids in the organic waste bottles.
- Never, ever add additional solvent to a hot mixture.

Carry concentrated acids in an
acid bottle carrier to prevent
accidents while transporting the
acid between the store room
and laboratory. Another way to
minimize this risk is to purchase
acids in plastic-coated reagent
bottles and only use plastic bottles
for solutions. Use an Erlenmeyer
flask or other vessel that is difficult
to tip over. Have only one student
from each lab group collect
chemicals and only obtain enough
to perform the lab.




Isoprpyl Ether Al |dl® Alxd Aldl

- Isopropyl Ether S 2|&H(1 pint, 473 ml)O| & &7 A0 HZ H{0| =210 LXKt

OpXp 3§ 52

- Disemboweling, 0§ 2{ &7t &t > H2 0
WA= TFA

| S 2A|17F 3= AFRE
- A2 A& =5 O|H| 2 (ether) L Off Hd =l DfAtet=(peroxide) 7t

—1
o = L
H A LA 22[0f ditelE0] Ae (o BA, 4 € I FH=E =7

- Ether (£79|, Isopropyl Ether)= A|ZtO| X|L}H

peroxide(-O-0O-)7} 44
> 1 =Ct35tn Y =2E Ql triacetone peroxide
&4 M
o O
- 8l Z7|, @& peroxide ¥4 7t&3t > Ether 222
32870 ME
- CHAH : OF = A2 e 712 ALE

Ether= 67} & O|AF Eat ZX|
g7|= d=5| 2t 20|11, =ALX}; FI|
e &71= 370 = T 7

Z=X: Chemical Process Safety: Fundamentals with Applications, Prentice Hall, 1990.

TABLE 13-3 EXAMPLES OF PEROXIDIZABLE COMPOUNDS'

Peroxidizable Hazard on Storage:
Isopropyl ether
Divinyl acetylene
Vinylidene chloride
Potassium metal
Sodium amide

Peroxidizable Hazard on Concentration:
Diethyl ether
Tetrahydrofuran
Dioxane
Acetal
Methyl i-butyl ketone
Ethylene glycol dimethyl ether (glyme)
Vinyl ethers
Dicyctapentadiene
Diacetylene
Methyl acetylene
Cumene
Tetrahydronaphthalene
Cyclohexane
Methylcyclopentane

Hazardous when Exposed to Oxygen due to Peroxide Formation
and Subsequent Peroxide Initiation of Polymerization:
Styrene
Butadiene
Tetrafluoroethylene
Chlorotrifluoroethylene
Vinyl acetylene
Vinyl acetate
Vinyl chloride
Vinyl pyridine
Chloroprene
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Reactivity Differences (Deviations) Within Chemical Groups
A Formaldehyde (19), Acrolein (19), Crotonaldehyde (19), and 2-Ethyl-3-Propyl Acrolein (19) are not E
compatible with group 1, Nonoxidizing Mineral Acids. T
B. Isophorone (18) and Mesityl Oxide (18) are not compatible with group 8, Alkanolamines 2
C. Acrylic Acid (4) is not compatible with group 9, Aromatic amines. %
D. Allyl Alcohol (15) s not compatible with group 12, 1socyanates. e
E. Furfuryl Alcohol (20) is not compatible with group 1, Nonoxidizing Mineral Acids. ; a
F. Furfuryl Alcohol (20) is not compatible with group 4, Organic Acids. E E A
G. Dichloroethyl Ether (36) is not compatible with group 2, Sulfuric Acid. Sly|a
H. Trichloroethylene (36) is not compatible with group 5, Caustics. BlE(S
I.  Ethylenediamine (7) is not compatible with Ethylene Di-chloride (36). é E E
E|lZ|@0|=
CARGO GROUPS 1[z]2
NON-OXIDIZING MINERAL ACIDS X
SULFURIC ACID 2| x I3
NITRIC ACID 3 X
. ORGANIC ACIDS 4 X
Chemlcal CALSTICS IR
AMMCHIA AEEE
. K ALIPHATIC AMINES AEEE
Compatlblllty ALKANOLAMINES IR
ARCMATIC AMINES g x| x|=x
AMIDES NEEE
ORGAMNIC AMHYDRIDES | x| x| x
ISOCYANATES HEEE
VINYL ACETATE HEEE
ACRYLATES 14 x| x
SUBSTITUTED ALLYLS 15 I
ALYHENE OXIDES HEEE
EPICHLOROHYDRIN HEEBEE
KETONES 18 I
ALDEHYDES 19 x [ x| x
ALCOHOLS, GLYCOLS 20| E|[x|x
PHENOLS, CRESCOLS 21 I
CAPROLACTAM SOLUTION 22 X
OLEFINS 30 I
PARAFFINS 3
AROMATIC HYDROCARBONS 32 X
MISC. HYDROCAREON 33 I3
ESTERS 34 x| x
VINYL HALIDES 35 X
HALOGENATES 28 G
NITRILES 37 X
=X CARBON DISULFIDE 38
. PPRT SULFOLANE 30
httlp.//www.ehls.msu.edg/waste/programs_gwdellnes/Waste o R
Guide/wastedisposalguide.pdf ETHERS I EE
NITROCOMPOUNDS a7
MISC. WATER SOLUTIONS 43
HEE




_Chemical Burns :

Ald EHoll I

Date July 2004
Work Non-
Process routine
sample
collection
Casualty |Chemical
burns

Synopsis on

0 While opening the pit
cover, worker lost his
balance and knocked
over the bucket of

OO0 The flushing fluid spilt
onto his body.

ﬁit Coversm

= Al

0 Worker collected samples from specific
process lines with flushing fluid collected in a
bucket.

[0 The bucket of flushing fluid was to be
disposed |nto a specnflc p|t




Hazardous Waste 18

1. Ignitable Waste

- OlgtL2 & 60°C O|c} K|

- OEO|L =& SE 23tk|= 10X

- Atol sfgtislo} ZigE|of A3

- HiglUls Of= JIA = )k|-3|.x-||
2. Corrosive Waste

- pH 2 O|S}, pH 12.5 O] &0l Eof
3. Toxic Waste

HAZARDOUS WASTE

(i dearmanasion by Chemical Weste Propeam)
name: _Brian Brosnan
START DATE:Z,/ 6 /2009 PHONE # D203
mLL pare: $/25/2009
CONTENTS:

Water 50%
Acetic Acid 200
Formic Acid 30%

Hazardous Waste Label

pH_=3.0
chsck all HlZlHDSm apply
COFiammabie (07, 08, 087 [JPolson (18)

Pacid o2y [OBase (01) Dloxidizer (18, 12)
OLow Hazard (05, 06)




Toxic
Waste

Material

Concentration (mg/l)

Severe Toxic Waste

Material Concentration (mg/l)
Aflatoxin 1.0
23,7 8-Tetrachlorodibenzo-p-dioxin 1.0
1,2.3,7,8-Pentachlorodibenzo-p-dioxin 1.0
1,23 4,7 8-Hexachlorodibenzo-p-dioxin 1.0
1,2,3,6,7 .8 -Hexachlorodibenzo-p-dioxin 1.0
1,2.3,7,8 9-Hexachlorodibenzo-p-dioxin 1.0
23,7 8-Tetrachlorodibenzofuran 1.0

Metals

Arsenic 5.0
Barium 100.0
Cadmium 1.0
Chromium 5.0
Copper 100.0
Lead 50
Mercury 0.2
Selenium 1.0
Silver 5.0
Zinc 500.0
Pesticides

Endrin 002
Lindane 0.4
Methhoxychlor 10.0
Toxaphene 0.5
24-D 10.0
245 TP Silvex 1.0
Organics

Benzene 05
Carhon Tetrachloride 0.5
Chlordane 0.03
Chlorobenzene 100.0
Chloroform 6.0
o-Cresol 2000
m-Cresol 2000
p-Cresal 200.0
Cresol 200.0
1.4-Dichlorobenzene 7.5
1,2-Dichloroethane 0.5
1,1-Dichloroethylens 0.7
2 4-Dinitrotoluene 013
Heptachlor 0.008
Hexachlorobenzene 013
Hexachloro-1,3-hutadiene 05
Hexachloroethane 3.0
Methyl ethyl ketone 200.0
Nitrobenzene 2.0
Pentachlorophenol 100.0
Pyridine 5.0
Tetrachloroethylene 07
Trichloroethylene 0.5
2 4 5-Trichlorophenol 400.0
2.4 6-Trichlorophenol 2.0
Yinyl chloride 0.2
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MAIFCE & Eddl 28 S Al

=t Flixborough

-19743 63 EQ Y 2

28 MM O E B FUHAM Hojd 18 THa AtY), 369 F4f
-'—f%‘% A=l ZIZ22E 70E/H dA SF

o|2te oF MAMO| H|==3t cyclohexane AF23H= 2 (7.7 atm, 155°C)
—Cyclohexane% A0l EH 2 2|5

-

= E
S

0x

Temporary Pipe Section

-8tE 7] 5 2H[0f crack A, =2[ 3] HA
-Ht37| 4,61 flexible hose 4 A& 2™ 2H
-28" mHo| &= A Z0[Lf, 20" mO| = U0 Af%
-By-pass 2t2l E{N 30E cyclohexnae F+&, 45

ot

Z=X: Chemical Process Safety: Fundamentals with Applications, Prentice Hall, 1990.



MAIZECE & &d& 9IetE & Al
©| = Bhopal

- Union Carbide IndiaAl &4=H| M= =% 19843 122 32 HhAH
- W= 9| Methyl Isocyanate (MIC)7} Sttt d =
- MIC - 8A|Zt == S| 2% 0.02 ppm, AHQ! |%7§1 39.1°C, 27| CHH| 26 2H <.

S MZEA| 2QHIS . MIC HFS 7| = WZE MH| 2
CMIC BFST|E AR HI2F AlE), 87| D0\ X HAXY S0k MIC HEHI 2
- H*OE:'E.'_P%QMIC 7|§}90*E‘| reIiefAlAEﬂeAﬂatH/Flare stack(DP‘FE 2258 MICE7|
E Tjel At gl g I giole
- 500HE O|AF L=, QF 8,000Q DIZHOl ApQb, 50HE O] AF EH A}

Il

Methyl Isocyanate Route:
CHyNH, + COCI, — CHyN=C=0 + 2HCI

Methylamine Phosgene Methyl isocyanate

_l_Il'
Bhopal 0- CNHCH’

ALE B dE A
CH N C=0 +

a- Naphth ol Carbargl

Nonmethyl Isocganate Route:

0- C G |
“ + cocl, “ + HCI
a-Naphthol Chloroformate
NER: I
3hk31ﬁ1
= = 0=C=E | 0- CNHCH

O s e

ZX: http://www.actiononrisk.com/2011/01/top-10-major-accidents- that-influenced- the-world-part-3/




Mechanical Fail
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Natural Hazard @

Design Error P54

Arson-Sabotage =5

IIIFIIIII—IYIIIIIIIIIIIITIlllllllilllll’lllrll

0 5 10 15 20 25 30 35 40 45 50

Number of Accidents

|l|llllll'lllll‘lll‘!llllllIlIlllllf!llllllllll

EI.GI-IIII- AI'._L'. X0 A HI _Piping Systems _ sSTSTSTSTsesesesesesesesg
—l (= (= T = Miscellaneous or Unknown Tt e e e e e

Storage Tanks PSS ST ST S22

Reactors Piping Systems RS o o

Process Holding Tanks =

Heat Exchangers |

Valves 54

Process Towers =

Compressors ==

Pumps =

Gages >

IIll!IIi“!]‘illI!'lllIIITIl!llIlillI]llll]Illl

0 &5 10 15 20 25 30 35 40 45 50

. . . . Numb f Accidents
Z=X: Chemical Process Safety: Fundamentals with Applications, Prentice Hall, 1990. SIS
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Date July 2000

Work Process | Removal of relief valve on plant
unit

Casualty One death and one injured

Scene of accident
showing the scaffold
staging near the )
wrong valve f_/*‘ i

[0 Workers did not know the label on RV which
. they were supposed to remove, and instead
nips:/mmwshesopsinemesitml——— dismantled the wrong one without checking

upload/cms/file/Hydrogen%20Sulphide%20P

0isoning%2002.pdf t h = I a b el .



Phosgene JIAQN == Al

[0 Due to process upset
and contamination of
pipelines, part of the

plant was isolated,
purged and flushed
Date May2003 free of toxic gases. Phosgene online detector linked
Work Process | Testing for presence of toxic gas at to the control system
pipeline
Casualty One injured

[0 Some phosgene vapours escaped from the

manual valve as he slowly opened it, thus

inhaling some in the process. [ Residual liquids within pipelines/buffer
tank may pressurize the pipelines due
to difference between operating and
ambient temperatures.

B Purging was conducted at temperatures
lower than the ambient temperature,
resulting in vaporization of residual liquid
inside the pipelines as the temperature of
system rose to ambient level.

B An isolation valve upstream connected to

EXSE the buffer tank may not be fully closed,

https://www.wshc.sg/wps/themes/html/upload/cms/file/Exposure%20to resulting in the release of vapors from the
%20Phosgene%20Gas%2003.pdf (2006/11) tank into the pipelines.
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Dust Explosion Pentagon

Dispersion of Confinement
dust particles of dust cloud




Date March 2005

Work Discharging of
Process |chemicals
from tote bin
into a hopper

Casualty [One death
and One P,S: : Phosphorus pentasulfide
injured (8™ 276-284°C)

N A

M

[0 2 workers were carrying out the discharging
of P,S: from a tote bin into a hopper.

[0 5 minutes into the process, an explosion
followed by a fire occurred at the discharging
area.

[0 1 worker managed to escape and suffered
20% burns at the back of his body.

[0 Inert atmosphere required in the hopper
not maintained.

0 Workers had not checked if the valve
supplying nitrogen gas to the hopper was

The explosive force caused the tote bin open.
involved to topple and land on the deceased J It was not work procedure to conduct the
check.

£X{: https://www.wshc.sg/wps/themes/html/upload/cms/file/Explosion%20and%20Fire %20at%20Chemical%20Mfg%20Plant%2004.pdf
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=X http://www.schc.org/meetings/2009spring/present/Janicik-Dust_Explosion_Data-How_to_Identify_and_Communicate_the_Hazard.pdf



Combustible Dust : Any finely divided solid material that is
420 microns or smaller in diameter (material passing No.
40 Standard Sieve) and presents a fire or explosion when
dispersed or ignited in air.

Average minimum concentration of a combustible dust is
approximately 50 g/m3.

Ke I1s an index used to classify the explosion severity of a
combustible dust. Dust deflagration index.
KSt — (dP/dt)MAX * \/1/3

(dP/dt)\ax : bar/sec, V : m3

Dust explosion class* | K (bar.m/s)* Characteristic* Typical material**
Sto 0 No explosion Silica
St 1 >0 and < 200 Weak explosion Powdered milk,_charcoal, sulfur, sugar and zinc
St2 >200 and < 300 Strong explosion Cellulose, wood flour, and poly methyl acrylate
St3 >300 Very strong explosion Anthraquinone, aluminum, and magnesium

Ky (bar-m/s) : Methane 55

Propane

ek

75
550

=X: http://www.osha.gov/Publications/3371combustible-dust.pdf
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Step Desired Effect Procedure

Initiation Diminish -Grounding and Bonding
-Inerting
-Explosion proof electrical
-Guardrails and guards
-Maintenance procedures
-Hot-work permits
-Human factors design
-Process design
-Awareness of dangerous chemical properties

Propagation Diminish -Emergency material transfer
-Reduce flammables inventory
-Equipment spacing and layout
-Nonflammable construction materials
-Installation of check/emergency shut-off valves

Termination Increase -Firefighting equipment and procedures
-Relief systems
-Sprinkler systems
-Installation of check/emergency shut-off valves
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Damaged valve main body by the
syngas explosion occurred at the 10
bar and around 1,500°C gasification
pilot plant test.

Syngas flame caused by leakage at
the feed nozzle area.

1,500 psi &Y sus 2= ME MT

Damaged SUS coal powder feeding
pipe occurred at the 8 bar and around
1,500°C gasification pilot plant test.



Explosion accident at the coal feeding nozzle during the
pilot gasifier operation at 20 bar, 1,400°C
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