


el il Al g 813 b
100 o 56 2 gio

e UL RN

oS L (53 1205 ol ol sl gio O Hnand

O ol — (b Qb (wirngo Sl 45

o 563 1K1 — .345 03103 g LT il F b s @alio qwirigo 2l o ol 48
S 5 S o il F b O 568 olRAINS (hodl (qwiign 3090 vyl (il 5

Olido g pole w1y o1 3T olRidhs — Il drwgi — Cuns ) Laudmo o ko 3l (5 559
ol e

i g i 01K 9 3T I8 MBA & goT it

oo P Hlojlw 31 (Slo v Cu o 9 (54101 WLl MIS (b 6 990 &S goT itd
e

&S g sloT ¢ Giuo (w03l (GIS (L1 y> Sl gld Aol g 490 3 i slgauasid
(o ) Baio (widign 9 (b Q3o Co P (0151 S 9 (5510 A (58 3,5
0% 2T U (Ol g wilows Co o



ole> 39 il

o Jl Y+ soudlad £ 0 3k
dudl 99 3 (od OISES o ol
50 yol g g eSS vy i

ol 2! 39 el
3 g — wed 1YAA : b U:‘ﬂ oS! (yd of
a'ﬁ“ — w&o° “"fdtw




20 g el Wb >

Sl 59 La> Cg> 3O Sl

S39 038 ol P91 g 30 wnyl

b Ol jlud ol g2 30 sl *




FLIXBOROUGH, ENGLAND [1974]
T e B e ———— |
16:53 JUNE 1, 1974
VAPOR CLOUD EXPLOSION

28 KILLED
36 INJURED [SEVERAL HUNDRED SLIGHTLY INJURED]

ESTIMATED FINANCIAL LOSS: $ 635.9 MILLION [1997
USD]
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BHOPAL, INDIA [1984]
e e e T i

12:45 DECEMBER 3, 1984
TOXIC RELEASE

+ 2,500 KILLED

250,000 INJURED [SIGNIFICANT DAMAGE TO LIVESTOCK
AND CROPS]

ESTIMATED FINANCIAL LOSS: $ 500 MILLION [1989 USD]







PIPER ALPHA, NORTH SEA [1988]

20:00 JULY 6, 1988

VAPOR CLOUD EXPLOSION

167 KILLED

ESTIMATED FINANCIAL LOSS: § 1.1 BILLION [USD]







i' J .
v"ﬁ,‘u
J" - .
}’
)‘
"
3“"3%"
(]
L
o
(3}
93

ll

Yy
S




sl
®  Acciaernt  undesired event giving rise fo
aeaths, i health, mury, adamage ana other /oss

doduo (5 ke 1S o 4y yxis 4S
. .u; s ple 9 0L




:(u."o?r Q—QJJL%J
ol 0 ylolono sl piv
HAZARD

¢ T 3wt (5133 2 3Y Juwilly o5 it g U g
. RC oW T W] CF Y




(HAZA
RD)ol ks 5
(ol

”'Sl,:.ﬂ
331 Oladals
<




NEAR- MISS 4&ol> 4w b £o9901 Jouo Sluagy °

W B il oy O jlud g 2 ¢ P G 4 45 SladNg,
S Joi o 3 (1 WS> & Wi gaue

HAZARD PROBABILITY s o>l -
e Cadag W53 95§12 o1 Bl g ja 0 Gl il O 5Ls




RISK -y
ol Sie g 903 Jliol s p 4dl> j9 9 (B! 3 Cum jls
=S.F

SEVERITY = (1,000,000 )° (4, cawd 31 slaje; dlaai)/ (3,5 05 cslu s J5)

FREQUENCY = (1,000,000 )* (oaiaf o519l a1 9o 31ai)/ (3 55 415 caslew i J5)

TOLERABLE RISK oo 6 Sy

15 3 i (5leisd e B 3 ol 12 45 4l S T o (g5
il Jooi B g olod! B s (ial gono




P s LB
e Jb 03,5 il

S 313 (59, L

03 3a) (e S92, ol




FAILURE R b Cwl ¢
JURG1 2590 & ot (51121 43 pmane 31 (5 32 S llgi purs

TRUST FACTOR Slois! il -

1995 (a8 35 415 Wl guns prsmans 31 (539 59 & iliuadol 02 5 il O jLs
PN Lo Sk o5 (g1 32 Ok w300 it 3 (A g (et B s S
Y-

RISK ASSESSMENT Sy U3yl
1999290 0 e B3> J 5 ¢ Juloi 407000 ¢ ulid 1 ol Ot
s




HEALTH

HSE

SAFETY
& ENVIRONMENT




o g el Olow! 31 Sua HSE

Continuous
Policy Improvement

Mgt.
policy

Process

Safety (HSE Cases) =

Task

No Structure Structure




oS g 38 392 90 0 9all LS| WHSE Cu puo pllai ol5S

S o9 srlewsilodio Ol kS ahis Gk Sluil g9,05 *
w29 by drle o SN OB abis kOl a0
Wl 2 55y
A9 b anlb sla a0 L ahais jhCaw ; busee
A1 Sy busa 51 9w il 45 sla Slay,
S Adgs S 0 O3l Cawd Hl b5 abai Hlade Cudled ¢
Olejlw O g Ll 595 p yoli)licly O el *




S dammo 5T (b Jolas g O Jlas (Guds dwd




Hazard Categories / Carégorie de Danger
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Accident Ratio study by

Fatal or Dr. Teypearson
S o (1974-75)

50
Injury requiring first-aid \

80
property damage accident \

400
/ Non-injury / damage incidents or nearmisses

Base on a study of almost 1000000 accidents in the British Industry .




NO or NEGLIGIBLE
SUSTAINED
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SUSTAINED
DAMAGE

ACCIDENT : NEARMISS
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Fire Extinguisher Chart

//
Extinguisher Type of Fire
Colour Type (Wofglig:per Flammable | Flammable | Electrical Cooking
cloth, stey ||  Liqulds Gasses | Equipment | Oils & Fats
Yes Ho Ho Ho Ho
Foamn X X |V

1-
i
1=
£

Carbon
Dioxide

(CO2)

Ho

Ho

A\
1€S

AJERN

5
1€S
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Yes
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Ho

Ho

X

Ho
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Example isbasedon
2900 sq. ft.room
witha 10 f. ceiling.
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Hypoxic Air Fire Prevention Concept

Hypoxicair generating systems are
availablein a number of methods.
Figure indicate basicfunctions only.

1
2
3
4
5
6
7
8

9

10 Air Exchange (ambientair ventilation and infiltration not shown)

Control panel and power supply
Smoke detection

Oxygen monitoring

Strobe light

Sounder

Air splitting unit (generator)
Ambient air (optiona )

Oxgen enriched air out
Hypoxicair

11 Access

FDAS Fire Detection and Alarm System
BMS (optional)  Building Management System

2
3
Protected Space
9

11

.)9&0(_;0 [E-RLY

hypoxic air
technology
for fire
prevention
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Optimal size droplets (~ 100 to 150 )

Optimal size
droplets fly into the
flame and evaporate
there (over 90%

effectiveness)
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» NO+ 0, < 2NO,
» 03+NO — NO2 + 02
» RO2°+NO — NO2 + RO°
» HO2°+NO — NO2 + HO®
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SOX 8 55 &S

S207 « S203 « SO4 « SO3 ¢« SO2 « SO

SO2 + OH® — HOSO2°
HOSO2° + 02 — SO3 + HO2°

HO2° + NO — NO2 + OH®
SO3 + H20 — H2S04
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