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HIEVIKES 0YOADGTG KO EKTIINONG TG ETTKIVOUVOTNTOS

Stochastic
Approach

Quantified Risk Evaluation
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methods by using
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YBPIOIKEC TEXVIKEC
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Qualitative Techniques

Classic Statistical Approach
Accident Forecasting
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AITIOKPOTIKES TEXVIKEC

Qualitative Techniques

Quantitative Techniques

Check Lists

What if Analysis

Safety Audits

Task Analysis

STEP technique

HAZOP

Hybrid Techniques

PRAT technique

HEAT / HFEA

DMRA technique

FTA

Risk measures
of societal risk

ETA

QRA technique

QADS

CREA method

WRA
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IIBavokpaTikeS Teyvikeg

Stochastic Approach

Classic Statistical Approach

Accident Forecasting Modeling

Epistemic Models
* PEA

Probability Distributions

* Exponential
* Normal
* Log-Normal
* Weibull

Event Data-Models

* Rate Model
*MTTF/MTTR Model
* Time at Risk Model
* Poisson Model

* Rate/MTTR Model

Time-Series Method

Markov Chain Analysis

Grey Model

Scenario Analysis

Regression Method

Neural Networks

Bayesian networks
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Avahoyikn TToootikn Texvikn (PRAT)

H emikivovvotnta mopovcidletal cov Eva
evo1Kko, petpnopo péyebog (R)

R=f (x, v. z, ..)




Avahoyikn TToootikn Texvikn (PRAT)

H emikivovvotnta mopovcidletal cov Eva
evo1Kko, petpnopo péyebog (R)

R=f (P, 5, F, .)

R: the Risk
P: the Probability Factor
. the Severity of Harm Factor
F: the Frequency (or the Exposure) Factor




Avaloyikn TToooTikn Texvikn (PRA)

H emikivovvotnta mopovcidletal cov Eva
evo1Kko, petpnopo péyebog (R)

R= P*S*F

R: the Risk
P: the Probability Factor
: the Severity of Harm Factor

F: the Frequency (or the Exposure) Factor

Fine & Kinney (1971) and Hammer (1972)




Aeiktng i ovoTntog

Ieprypadn averlOvpncov yeyovotog

10 AVoITOPEVKTO

9) Yxed06v ciyoupo

8 [ToAU miBovo

7 [TiBovo

6 [TiIBovoTnTo e p g LeyoAltepn Tov 50%
5 [TiBovoTnTo 50%

4 [TiBovoTnTor e pwg pkpoTepT tov 50%

Yxed0v autiBovo

[ToAU aatiBovo

AmiBovo




AgikTng
200pOTNTOC
ATTOTEAEGPUOTOG

(S)

Ieprypodn averiOUpnToV yEYOVOTOG

®davorog

MOvipn OAIKT] 0VIKOVOTITOL

Moviun cofopr) oviKovOTHTo

Movin eAadpd avikavoTH T

AN ([N | 0 | \O

Amoucio oo TV ePYNGIOYLO TTEPLIGGOTEPEG OUTO TPELG EPOOUASES KO EMIGTPODT] [LE
TIPOPAT [LoTX LYELNG

ATtouciol ouTo TV EPYACIO YIO TTEPLIOGOTEPEG OUTO TPELG €OONAOEC KoL EMIGTPOPT] [LE TTAT)PT)
OVOPPWOT)

ATTOUGIo 0UTO TNV EPYACIN VIO TTEPIOGOTEPEG OUTO TPELG TJLEPEG KO ALYOTEPO OUTO TPELG
gBOOUAOES KoL ETTLOTPODT] [LE TTAT|PT] CVEPPWOT)

ATovcior aTo TV EPYXCLO YIOL ALYOTEPO OUTO TPELG NLEPEG KL EMIOTPODT] LLE TTATIPT) CVEPPWOT]

EAadpOG TpAUHOTICHOG XWPIC CTTWAELX TILEPWV. EPYNGLOG KOL TTAT)pT] 0VEPPWOT)

Koo covBp v BAGSR
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Ieprypadn averiOvpntov yeyovotog

Moviun mopovaoio PAaBNG

H BA&Pn epdboviCeton ovee 30 deuTePOAETTA

H PA&Pn epdovileton v Aemto

H PA&Pn epdoviCeton kaBe 30 AemTd

(@)W BN I o < BNe)

H BA&Bn epdboviCeron kalbe pioc opoc

H PA&Pn epdboviCeton o kdBe Popoia

H BA&Pn epdboviCeton pioe hope tny eOopAd

W | &~ [ W

H PA&PN epdoviCeton pioc hopa to Py

N

H BAcfn epdoviCeron pict popc to xpovo

H BAcn epdboviCeton it popc 6T TEVTE Y POVIOL




Tipm Tng

BaOpoc opecotntag AnUng

EMIKIVOUVOTI|TOG HETPWY
(R)
700 - 1000 Apeon AfYn peETpwy
500 - 700 Anun pétpwy oe SidoTh o piog
NHEPXG
3()() - 500 ANUn HETPWY GE SLAG TN L EVOG
prvor
200 - 300 Andm HETPWY GE OLAGTI L EVOG
£TOUG
100 - 200 MakporpoBeopn A peTpwy
Ko TTapakoAouOn e tou
oupfdvrog
<100 Agyv givou oovory kool 1) GLEST)

ANUm LETPWY, CAAR T
mapokoAovBnon tov cupevTog




EOaplioyn o€ AlEAQONG HETAAAWYV
étn: 1999-2004




EOaplioyn o€ AlEAQONG METAOAAWV

Backer

Bolster

Extruded Product . “e\
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*EVTOTTIONOG & KaTnyoploTroinon Twv CNUAVTIKOTEPWY

TTNYWYV Kivduvou (col. A)

- ApIBUOGC TV (col. B)
- O TWV AVETTIOUPNTWY oupBaviwy (col. C)
-H O€ TTNYEG Kivouvou (col. D)

o€ Blounxavia dlEAaoNC aAOUUIVIOU XPNOIPOTTOIWVTOC
QVETTIOUPNTWY CUNBAVTWYV %{n

OIAPKEIQ TOU



Katnyoptonoinon atuxnuatwy i avenioupuntwv
oupBavtwv

Baoer ESAW (European Statistics on Accidents at Work)

(a) Ntwoelg epyalopévwy (and uyog, oTo idlo eninedo)

(b) Ktunnuata and oAlobAoeLg, KATapPEUOELG KAL CUMNIECN avAPEDO OE
! avTikeipeva

(c) MNpookpouon o 0TABEPA AVTIKEIMEVA KAl KTUNAATA and Kivoupeva
| avTikeipeva




ITOTO . ) DTE( DVV(
(A) (B) ©) (D)
Number of
Description of the most important accclzld_e nt;,I/ Consequences of the Exposure to hazard
Hazard Sources undesirable undesirable events sources
events
(N)
Injuring due to breaking of 2 Absence from the work >3 days | Presence of damage
aluminum billets’/profiles’ parceling and <3 weeks, and return after every 1 week
hoop full recovery
Exposure/Contact in/with extreme 1 Absence from the work >3 days | Presence of damage
temperatures (e.g. sizzling and <3 weeks, and return after every 1 week
aluminum profile) full recovery
Drops (Slumps from height) 4 Permanent slight inefficiency Presence of damage
every 1 month
Squeezing and hits by dropping 4 Permanent slight inefficiency Presence of damage
objects (transported by derricks) every 1 hr
Hand/Leg/Foot Mutilation by saw 2 Absence from the work >3 Presence of damage
weeks, and return with health every 8 hr (or 1 working
problems shift)
Hand/Leg/Foot Injuring due to the 1 Absence from the work >3 Presence of damage
maintenance of machines weeks, and return with health every 1 week
problems
Impacts on stable objects, hits by 1 Absence from the work >3 days | Presence of damage
moving objects and <3 weeks, and return after every 1 month
full recovery
Injuring due to the die’s loading/ 1 Absence from the work >3 days | Presence of damage
unloading on/from the extrusion and <3 weeks, and return after every 8 hr (or 1 working
press full recovery shift)
Exposure/Contact in/with electric 1 Absence from the work >3 Presence of damage

current (electrocution danger) due to
the maintenance of electric systems

weeks, and return after full
recovery

every 1 month




2dUE ODal AlE alr 10 JO g AlE
Probability
Factor (P) Description of Undesirable Event Frequency of events occurring
10 Unavoidable 1 event during a time period of At<<103 hr
9 Almost assured 1 event during a time period of At<103 hr
8 Frequent 1 event during a time period of At=103 hr
7 Probable 1 event during a time period of 103<At<104 hr
6 Probability slightly greater than levent during a time period of 104<At<10°hr
50%
5 Probability 50% 1 event during a time period of At=10° hr
4 Probability slightly less than 50% 1 event during a time period of 10°<At<106 hr
3 Almost improbable (or Remote) 1 event during a time period of 108<At<107 hr
2 Improbable 1 event during a time period of At = 107 hr
1 Impossible 1 event during a time period of At>107 hr




(B)

©)

(D)

(E)

(F)

Description of Hazard Sources | Probabi-lity | Severity of | Frequency | Risk value _ _
Factor Harm Factor R Immediate Actions
or Undesirable Events (P) Factor (S) (F) (R)

Injuring due to breaking of aluminum 6 4 4 96 R<<200 = Immediate action is not

billets’/profiles’ parceling hoop necessary but it is required the event’s
surveillance

Exposure/Contact in/with extreme 6 4 4 96 R<<200 = Immediate action is not

temperatures (e.g. sizzling aluminum necessary but it is required the event’s

profile) surveillance

Drops (Slumps from height) 7 7 3 147 R close to 200 = Required actions
\UI SUPpPressive measurco, i
essential earlier than 1 year

Squeezing and hits by dropping 7 7 6 2 300>R>>200 = Required

objects (transported by derricks) 94 actions (or suppressive }
measures) are essential earlier
than 1 year

Hand/Leg/Foot Mutilation by saw 6 6 5 180 Taancclase to 200 e uired
actions (or suppressive measures) are
essential earlier than 1 year

Hand/Leg/Foot Injuring due to the 6 6 4 144 R close to 200 = Required actions

maintenance of machines (or suppressive measures) are
essential earlier than 1 year

Impacts on stable objects, hits by 6 4 3 72 R<<200 = Immediate action is not

moving objects necessary but it is required the event’s
surveillance

Injuring due to the die’s loading/ 6 4 5 120 R<200 = Immediate action is not

unloading on/from the extrusion necessary but it is required the event’s

press surveillance

Exposure/Contact in/with electric 6 5 3 90 R<<200 = Immediate action is not

current (electrocution danger) due to
the maintenance of electric systems

necessary but it is required the event’s
surveillance




HOOupoyr cToy

2TOIXEIa ATUXNUATWYV TOU

(A)

(B)

(€)

(2002)
(D)

(E)

(F)

Description of Undesirable
Event

Number of
Accidents

Probability
Index (P)

Severity of
Harm Index

(S)

Frequency
Index (F)

Risk Value
(R)

Drops (Slumps from height)

2.141

1,34

10

6,12

81,7

Downfalls (at the same level)

2.561

1,60

8

6,33

80,9

Slips, hits by dropping objects

1.880

1,17

10

5,98

70,1

Impacts on stable objects, hits by
moving objects

0.477

3,42

7,01

215,7

Squeezing

2.501

1,56

6,30

88,5

Overworking, hard jobs

501

0,31

5,16

11,3

Exposure/Contact in/with extreme
temperat.

311

0,19

5,04

6,8

Exposure/Contact in/with electric
current

58

0,04

4,05

1,5

(Exposure/Contact in/with harmful
substances or radiation

0,15

5,00

Other reasons of accidents

0,22

5,07

Total




2TOIXEIO ATUXNMATWY TOU ( ) GUVOAIKA yia TOV
KAGOO TWV

(B) (C) (D)

Probability _ Frequency
Index Severity Index

(P) of Harm (F)

Index
(S)
10
10
10
10




Texvikn Tou TTivaka Amropaong
Decision Matrix Risk Assessment (DMRA)

H emxivovvotnta mtapovcidleTon cav Eva
pvokd, petpnopo péyebog (R)

R=f (P, =, ..)

R: the Risk
P: the Probability Factor

. the Severity of Harm Factor




Texvikn Tou TTivaka Amropaong
Decision Matrix Risk Assessment (DMRA)

H emxivovvotnta mtapovcidleTon cav Eva
pvokd, petpnopo péyebog (R)

R= P * =

R: the Risk
P: the Probability Factor

. the Severity of Harm Factor




Texvikn Tou Mivaka Amrégaons (DMRA)™

O Mivakag EmikKivouvoTnTag
N Mivakag Aépaong
EmikivouvoTnTag

Yvovémereg (S)

IIBavétyTO

(P)

XpWHATIKR KAiJOKa

Oo1aBaduiong

ETT

IKIVOUVOTNTOG
(4 erriTredq)

ATTOOEKTO

ATO00EKTO pg
ELEYYOVG
Mn emOopnto

Mn 0m00€KTO

> = W »



2.TpoPIAo¢

AéPpnrac

Ae€apevéc Aadiov
HAekTpooTaTika ®iATpa
HAekTpOKIVATAPEC
AvTAiec Kauaipou
EkkamvioTéC

AVTAIEC ZUUTTUKVWHATOC
CevvATpIa

NieyépTpia

Kevrpikoc TTivakag Pevparocg
TpopodoTeg Ayvitn
KUpio Yuyeio ZTpopilou



~

Edappoyn tou mivaka anodaong yteeteuckivéivoveova
eldikotnta oto Mnyavootaoto - AefnNtootacLo




Xaptoypapnon Tng emikivduvoTnTac oc Mnxavooraocio -
AePpnTooTdcio pHe XpWHATHKA KAI Eon HE Tov
KivOuvo TpaupartiopoU amo pnxavapara

Kvpro yoyeio
otpofirov

[ Avemotipeg ]

TpopodoTeg
Aiyvitn

[ Exkanviotég

ITivakeg
POTICHOY

IMvpocPestii)
ooMa

Hiektpootatika
QilTpa

[ MvpocPeotipog ] [ Hlextpoxivnmipeg ]
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as a part of the risk management process

1
Risk Analysis
Identification of
Hazard Sources

Risk Risk Consideration/Estimation/Calculation

reduction * Frequency/ProbabiIity AV EWASTES
* Consequence Analysis

Acceptance
Criteria
Risk Evaluation

| Quantified Risk Evaluation

Is the risk
tolerable ?

Risk Assessment

Ensure risk assessment and controls
are effective and up-to-date
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as a part of the risk management process

1
Risk Analysis
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Hazard Sources

Risk Risk Consideration/Estimation/Calculation

reduction * Frequency/ProbabiIity AV EWASTES
* Consequence Analysis

Acceptance

| Criteria
.r--------') Risk Evaluation
|

)
a® ,

<@lantified Risk Evaluation

Is the risk
tolerable ?

Risk Assessment
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are effective and up-to-date




Flapaywyn nNAEKTPIKNG eVEPYEIAC 0 ATHONAEKTPIKOU ZTaOpou

AEH AL,

ANEH EKTIAIAEYZHE
TOM.YAOIIOIHEHE

YHOTOMEAE EXOASIN BIAAAAAT
Z.TE KAPAIAZ

EIT. TMOZOMOMTH

[4] Napaywyn aTuou

V

[7] Wuyeio

1 E&6pugn Hellre

T
0y

[9] NUpyog wugng




Flapaywyn nAeKTpIKNG evEpyeldC o€ ATHONAEKTPIKOU 2TaBuou

> UAAoYh TTpwTNnC UANC - Kkauaipou (AyviTne)
Emelepyaaia Aiyvitn

Eioaywyn kai kavon Tou Aiyvitn otov Aépnta
Anpioupyia arpol othv goTia Tou AéPnTa

A w N

‘E€odoc kal TTwaon Tou aTpou pe pHeydAn Tieon oe
athooTpopiAo

S

MeTaTpomn TG HNXAVIKAG evEpyelac Tou aTpopilou o€
NAEKTPIKA HEOW NAEKTPOYEVVATPIAC

7. EmaTtpopn Tou atpol ato Yuyeio Kai HETATPOTA Tou TTdAI o€
VEPO

8. ZuAhoyh Twv Kauoaegpiwv (TeppoAekdvn, AToBeciwan)

9. Amaywyh evamopeivavTwy Kauodepiwyv oTov TUpyo Yueng
Kal peTagopd otov TmepiPdAAov \

‘



[LIGNITE FIELD]
1)

[LIGNITE SMASHING
(2)

TRANSPORT/STORAGE
TO BOILER

3

[WATER PUMP'NGJ LIGNITE COMBUSTION ASH COLLECTION
(8) 4) ®)
~
- ELABORATION STEAM CREATION ASH DEPOSIT
(deionization, desalination) (7) (6)
©) =

~
TURBINE MOTION
(10)

J

GENERATOR MOTION
(11)

|

ELECTRIC POWER
PRODUCTION
(12)

.‘ i.‘/

;'&'Iv.;u-all. CLLLL

TRANSFER THROUGH THE
ELECTRICITY NETWORK
13)
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ACTIVITY
SECTOR (A.C))

Accident Anal

Number of accidents per working-year [N/wyr]

Total
accidents
per A.C.

(NtotaI)AC

Normalized
accidents
perA.C. &
per wyr
[N/wyr]ac

Accidents
percen-
tage (%)

GENERATION

TRANSMISSION

DISTRIBUTION




Number of

FAFR

Number of | Man-working

vear Employees | hours [hrs/yr] fatal per
boy y accidents | 108 man-hrs
1993 30816 269,948,160.00 7 2.59
1994 32706 286,504,560.00 2 0.70
1995 34805 304,891,800.00 6 1.97
1996 34822 305,040,720.00 10 3.28
1997 34360 300,993,600.00 7 2.33
1998 33784 295,947,840.00 7 2.37
1999 33139 290,297,640.00 6 2.07
2000 32184 281,931,840.00 8 2.84
2001 31659 277,332,840.00 3 1.08
2002 29701 260,180,760.00 14 5.38
2003 29065 254,609,400.00 6 2.36
2004 28429 249,038,040.00 5 2.01
Entire period 1993-2004 3.3810° 81 2.40
SECTOR (A.C. 10° man-hrs

MINES 16 2.37

GENERATION 16 2.37

TRANSMISSION 7 1.04

DISTRIBUTION 37 5.48

OTHER 5 0.74

Whole set of PPC’s activity

sectors

81

2.40




Number of accidents per working-year [N/wyr] acz%t:r']ts ';‘gifizgei gf
AGE perage [per (year,age
1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | (1993- and 1000

2004) emp loyees)
<20 3 2 1 5 4 1 2 0 1 0 0 0 19 178
21-25 16 28 28 19 9 7 3 3 8 3 1 1 126 9,0
26-30 59 71 74 62 59 47 27 27 34 13 5 3 481 9,2
31-35 | 105 113 104 89 58 64 62 52 55 32 25 20 779 105
36-40 | 121 101 99 78 76 68 68 68 75 51 39 34 878 9,9
41-45 63 69 69 67 61 63 62 75 70 63 49 35 746 9,6
46-50 39 41 39 44 35 44 30 35 41 37 30 32 447 7,5
51-55 13 17 9 13 14 15 18 16 15 15 12 12 169 6,2
56-60 4 3 6 5 3 1 2 4 6 3 2 2 41 6,7
>61 0 0 0 0 0 1 0 1 1 0 0 0 3 2,4

Totals

Average Number of Accidents per (year and 1000
I Functi f the Empl "A
Number of Accidents as Function of the Employees' Age Amilogasc) a8 Funshon prHIEEmployess A de
— 20
1000 17.8
om0 ( 818 il 15
00 i 746 16
__________ 14 4
7] [72]
e ety G 127 10:5
el B B z i) Y 99 96
= z
O 400 e - B - O 8 1 - - L 6:7
2 S 6.2
..................................... 6 . i s s ] i i o i i o s iy e e i e e e
[ FA B N N FUEEE BN G QNN fees e QM GG M e 24
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Number of accidents per working-year [N/wyr] Accid.
Type of Hazard percen-
Sources 199419951996 |1997]1998{1999/2000|2001]2002 tage (%)

EMPLOYEES FALLS 119 1 112 1 103 [ 75 [103 | 63 | 69 | 70 | 65 31.3

HITS BY DROPPING
OBJECTS 41 | 28 | 25 | 20 | 23 22 | 19 | 13 8.4 sSources

IMPACTS ON
STABLE OBJECTS 87 | 60 | 69 62 | 66 | 52

SQUEEZING 40 | 32 | 19 16 1 21 [ 16
EXTREME EFFORT 12 10| 7 3 4 5

EXPOSURE TO
NATURAL FACTORS 17 12

EXPOSURE TO
ELECTRICITY

EXPOSURE TO
CHEMICALS OR
RADIATION

ANIMAL BITES
OTHER
TOTAL

Type of Hazard

Number of accidents per working-year [N/wyr]

Body Part
1995 [ 1996 | 1997 | 1998 | 1999 | 2000 | 2001

HEAD 70 65 41 35 48 42 33

NECK 4 4 4 2 9 3 4
BODY 23 41 21 16 19 20 21

ARMS 86 55 79 67

LEGS 57 45

INJURY ON
MULTIPLE
PARTS

TOTAL




A (B) ©) (®)
Information recordedin Severity
Hazard Sources the accident-book of Consequences of the undesirable events Index (S)
PPC
SLIPPING 2 months out of work Absence from the work> 3 weeks, and return 6
with health problems
NARROW Respiratory problems Permanent slight inefficiency 7
(CONSTRAINED)
SPACE
MOVEMENT 1 month absence Absence from the work> 3 weeks, and return 5
OBSTRUCTION after full recovery
ALTITUDE 3-week backboard use Absence from the work> 3 weeks, and return 6
CONDITIONS WORK with health problems
NOISE Earplug use Permanent serious inefficiency 8
HYDRAULICS UNDER |Serious injury Permanent serious inefficiency 8
PRESSURE
SHARPNESS Scratch, injury Permanent slight inefficiency 7
HEAVY WEIGHT Squashing Death 10
LIFTING
HASTE Fracture of legs Permanent slight inefficiency 7
VEHICLE MOTION |Fatality Death 10
TRAFFIC Vehicular accident Death 10
FLOATING FUMES, |Neural problems Permanent slight inefficiency 7
DUST
RADIATION Neural problems Absence from the work> 3 weeks, and return 6
with health problems
POLLUTION FACTORS [SKin diseases Absence from the work> 3 weeks, and return 5
after full recovery
INSUFFICIENT LIGHT |Hand scratch, 1 week out |Absence from the work> 3 days, and <3 4
of work weeks, and return after full recovery
EXTREME First degree burn Absence from the work> 3days and <3weeks 4
TEMPERATURES and return after full recovery
LEAKAGES CAUSING |Death from burn Death 10
FIRES
LIGNITE SELF- Death from fumes Death 10
IGNITION
INTENSE WORK- Absence from the work> |Absence from the work> 3 weeks, and return 5
TIREDNESS 3 weeks after full recovery
/INSUFFICIENT
GUIDANCE
ELECTRICITY Electrocution Death 10
MATERIAL EMISSION [Injuring, 2"level burn Permanent slight inefficiency 7
INSUFFICIENT Vapours Absence from the work> 3 weeks, and return 5
VENTILATION after full recovery
STRETCH Contusions, wounds Absence from the work> 3 weeks, and return 5

after full recovery

Classification of
the

sources at a
steam power plant

of ( )




(A (B © (D)
Hazard Sources Information recordedin| Frequencyof Exposureto [Frequency
the accident-book of hazard sources Index (F)
PPC (according to Table 8)
SLIPPING Exposure every 2 hrs Presence of a potential hazard 6
source every 1 hr
NARROW (CONSTRAINED) SPACE |Exposure 2 times per Presence of a potential hazard 4
week source every 1 week
MOVEMENT OBSTRUCTION Exposure once (1) per Presence of a potential hazard 5
day source every 8 hr
ALTITUDE CONDITIONS WORKING |Exposure every 1 min Presence of a potential hazard 8
source every 1 min
NOISE Exposure once (1) per Presence of a potential hazard 5
relay source every 8 hr
HYDRAULICS UNDER PRESSURE |Exposure once (1) per Presence of a potential hazard 5
relay source every 8 hr
SHARPNESS Exposure once (1) per Presence of a potential hazard 5
relay source every 8 hr
HEAVY WEIGHT LIFTING 10 times/day weight Presence of a potential hazard 6
lifting source every 1 hr
HASTE Exposure every 1 hr Presence of a potential hazard 6
source every 1 hr
VEHICLE MOTION Exposure every 20min  |Presence of a potential hazard 7
source every 30 min
TRAFFIC Exposure once (1) per Presence of a potential hazard 5
relay source every 8 hr
FLOATING FUMES, DUST Exposure every <40 min |Presence of a potential hazard 7
source every 30 min
RADIATION Exposure every 1 hr Presence of a potential hazard 6
source every 1 hr
POLLUTION FACTORS Exposure 3 times per Presence of a potential hazard 4
week source every 1 week
INSUFFICIENTLIGHT Work done every 30-40 |Presence of a potential hazard 7
min source every 30 min
EXTREME TEMPERATURES Work done every 30-40 |Presence of a potential hazard 7
min source every 30 min
LEAKAGES CAUSING FIRES Exposure once (1) per Presence of a potential hazard 5
relay source every 8 hr
LIGNITE SELF-IGNITION 1 fire per day Presence of a potential hazard 5
source every 8 hr
INTENSE WORK-TIREDNESS Repeated work:10 times/ |Presence of a potential hazard 6
/INSUFFICIENT GUIDANCE day source every 1 hr
ELECTRICITY Presence every 1 min Presence of a potential hazard 8
source every 1 min
MATERIAL EMISSION 3 times per day Presence of a potential hazard 5
source every 8 hr
INSUFFICIENT VENTILATION Repeated work:12 times/ |Presence of a potential hazard 6
day source every 1 hr
STRETCH 3 times per month Presence of a potential hazard 4

source every 1 week




() (B) © (D) (B) (3]
Hazard Sources Severity | Frequency | Likelihood [ Risk Value Immediate Actions
Index Index (R)
©)] (@) P)

SLIPPING 6 6 6.48 233.28 300>R>200 = Required actions (or
suppressive measures) are essential earlier than
1year

NARROW 7 4 3.48 o7 44 R<<200 = Immediate action is not necessary

(CONSTRA|NED) but it is required the event’s surveillance
SPACE
MOVEMENT 5 5 6.48 162.00 R<200 = Immed iate action is not necessary
OBSTRUCTION but it is required the event’s surveillance
ALTITUDE 6 8 6.35 304.80 500>R>300 = Required actions (or
CONDITIONS suppressive measures) are essential earlier than
WORKING & (eTiHik
NOISE 8 5 8.54 341.60 500>R>300 = Required actions (or
. suppressive measures) are essential earlier than
1 month
HYDRAULICS 8 5 3.70 148.00 R<200 = Immed iate action is not necessary
UNDER PRESSURE but it is required the event’s surveillance
SHARPNESS 7 5 7.33 256 .55 300>R>200 = Required actions (or
suppressive measures) are essential earlier than
1 year
HEAVY WEIGHT 10 6 6.48 388.80 500>R>300 = Required actions (or
LIFTING . suppressive measures) are essential earlier than
1 month
HASTE 7 6 7.25 30450 500>R>300 = Required actions (or
suppressive measures) are essential earlier than
1 month
VEHICLE MOTION 10 7 3.43 240.10 300>R>200 = Required actions (or
suppressive measures) are essential earlier than
1 year
TRAFFIC 10 3.43 17150 R<200 = Immed iate action is not necessary
but it is required the event’s surveillance
FLOATING FUMES, 7 6.35 311.15 500>R>300 = Required actions (or
DUST suppressive measures) are essential earlier than
1 month
RADIATION 6 4.44 159.84 R<200 = Immed iate action is not necessary
but it is required the event’s surveillance
POLLUTION 6.48 129.60 R<200 = Immed iate action is not necessary
FACTORS but it is required the event’s surveillance
INSUFFICIENT 4 7 6.48 181.44 R<200 = Immed iate action is not necessary
LIGHT but it is required the event’s surveillance
EXTREME 4 7 6.48 181.44 R<200 = Immed iate action is not necessary
TEMPERATURES but it is required the event’s surveillance
LEAKAGES 10 5 6.79 33950 500>R>300 = Required actions (or
CAUSING FIRES suppressive measures) are essential earlier than
1 month
LIGNITE SELF- 10 5 8.74 437.00 500>R>300 = Required actions (or

IGNITION . suppressive measures) are essential earlier than

1 month
INTENSE WORK- 5 6 4.36 130.80 R<200 = Immed iate action is not necessary
TIREDNESS but it is required the event’s surveillance
/INSUFFICIENT
GUIDANCE
ELECTRICITY 10 8 6.48 518.40 00>R>500 = Required actions (or
\ / suppressive measures) are essential earlier than

1day

MATERIAL 7 5 6.48 226.80 300>R>200 = Required actions (or

EMISSION suppressive measures) are essential earlier than

1year
INSUFFICIENT 5 6 5.61 168.30 R<200 = Immed iate action is not necessary
VENTILATION but it is required the event’s surveillance
STRETCH 5 4 6.35 127.00 R<200 = Immed iate action is not necessary

but it is required the event’s surveillance

*

*

required actions

technique

using real data of

undesirable
events and
accidents




() (B) © (D) (B) (3]
Hazard Sources Severity | Frequency | Likelihood [ Risk Value Immediate Actions
Index Index (R)
©)] (@) P)

SLIPPING 6 6 6.48 233.28 300>R>200 = Required actions (or
suppressive measures) are essential earlier than
1year

NARROW 7 4 3.48 o7 44 R<<200 = Immediate action is not necessary

(CONSTRA|NED) but it is required the event’s surveillance
SPACE
MOVEMENT 5 5 6.48 162.00 R<200 = Immed iate action is not necessary
OBSTRUCTION but it is required the event’s surveillance
ALTITUDE 6 8 6.35 304.80 500>R>300 = Required actions (or
CONDITIONS suppressive measures) are essential earlier than
WORKING yd 1 month
NOISE 8 5 8.54 \ 341 .60 Jp00>R>300= Required actions (or
. / suppressive measures) are essential earlier than
1 month
HYDRAULICS 8 5 3.70 148.00 R<200 = Immed iate action is not necessary
UNDER PRESSURE but it is required the event’s surveillance
SHARPNESS 7 5 7.33 256 .55 300>R>200 = Required actions (or
suppressive measures) are essential earlier than
/7 [ year
HEAVY WEIGHT 10 6 6.48 388.80 5P0>R>300 = Required actions (or
LIFTING . ppressive measures) are essential earlier than
711 month
HASTE 7 6 7.25 30450 |500>R>300 = Required actions (or
suppressive measures) are essential earlier than
1 month
VEHICLE MOTION 10 7 3.43 240.10 300>R>200 = Required actions (or
suppressive measures) are essential earlier than
1 year
TRAFFIC 10 3.43 17150 R<200 = Immed iate action is not necessary
but it is required the event’s surveillance
FLOATING FUMES, 7 6.35 311.15 500>R>300 = Required actions (or
DUST suppressive measures) are essential earlier than
1 month
RADIATION 6 4.44 159.84 R<200 = Immed iate action is not necessary
but it is required the event’s surveillance
POLLUTION 6.48 129.60 R<200 = Immed iate action is not necessary
FACTORS but it is required the event’s surveillance
INSUFFICIENT 4 7 6.48 181.44 R<200 = Immed iate action is not necessary
LIGHT but it is required the event’s surveillance
EXTREME 4 7 6.48 181.44 R<200 = Immed iate action is not necessary
TEMPERATURES but it is required the event’s surveillance
LEAKAGES 10 5 6.79 33950 500>R>300 = Required actions (or
CAUSING FIRES suppressive measures) are essential earlier
7 1 month
LIGNITE SELF- 10 5 8.74 00>R>300 = Required acti

IGNITION &.437 OO / suppressive measures) ntial earlier than

1 month
INTENSE WORK- 5 6 4.36 130.80 R<200 = | ate action is not necessary
TIREDNESS but it j ired the event’s surveillance
/INSUFFICIENT
GUIDANCE
ELECTRICITY 10 8 6.48 518.40 OU>R—oue .
\ / suppressive measures) are essentiai cai ne .

1day

MATERIAL 7 5 6.48 226.80 300>R>200 = Required actions (or

EMISSION suppressive measures) are essential earlier than

1year
INSUFFICIENT 5 6 5.61 168.30 R<200 = Immed iate action is not necessary
VENTILATION but it is required the event’s surveillance
STRETCH 5 4 6.35 127.00 R<200 = Immed iate action is not necessary

but it is required the event’s surveillanpcg . _

(J P

Urgent suppressive
measures are
essential
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Decision Matrix Risk Assessment technique

Hazard Likelihood ratings (L)

DMRA

The decision-making table

7 1 '
L2134 5 |0 819 | 10 (with 6 levels)
1 |f{fl “ A “ “ Ha = EEEE S
2 = =lE=lE=E 161 18 | 20 || | Colors & : : Evaluation of
’% H ﬁi =e=l=l= Patterns Category of risk Risk Value tolerability
3|l “Ha | ==l==) 18 || 22 (| 24 (| 27| 30 -
® _ Rejectable ;géF;DMﬂ(?)g Uncoeptable
<Ry <
8 |4 LH == 16 [ 20 [ 22 |[ 28|[ 32][ 36 [ 40 nacceptane B _
o == Objectionable 30< Ry <50 F;]'S‘iéhgt
o HH S i SNOUIabe
% > # LS5 20| 25 (13011 551140145 ;;t Undesirable 16<Rpy <30 | reduced
S |6 hﬁ Zl[ 18| 24 |[ 30 || 36 || 42 || 48 % % Acceptable with controls | 7< Rpy <16 f—
S ] Acceptable 1<Rpu <7
2 |7 |[EElE= 21| 28| 35 || 42 4 =
g
2 |8 |==] 16 24| 32l 40 || 48 |[ie2
9 (=) 18| 27 (| 36 |f 45 [f&
10 |61 20 (1301140 {145 T The risk matrix



A) ®) © (D) (B) [3)
Severity or | Likelihood| Risk Risk
Hazard Sources Conse que nce Inde x Value Assessme nt Immediate Actions
Factor (L) (Rpm) Decisions
©
SLIPPING 6 6.48 38.88 30<Rpm<50 = Objectionable. Required actions to
eliminate the hazard source.
NARROW (CONSTRAINED) 7 3.48 24.36 16< Rpm <30 = Undesirable. Required actions to
SPACE eliminate the hazard source.
MOVEMENT OBSTRUCTION 5 6.48 32.40 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
ALTITUDE CONDITIONS 6 6.35 38.10 30< Rpm <50 = Objectionable. Required actions to
WORKING eliminate the hazard source.
NOISE 8 8.54 68.32 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
HYDRAULICS UNDER 8 3.70 29.60 16< Rpm <30 = Undesirable. Required actions to
PRESSURE eliminate the hazard source.
SHARPNESS 7 7.33 51.31 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
HEAVY WEIGHT LIFTING 10 6.48 64.80 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
HASTE 7 7.25 50.75 50< Rpym <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
VEHICLE MOTION 10 3.43 34.30 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
TRAFFIC 10 3.43 34.30 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
FLOATING FUMES, DUST 7 6.35 44 .45 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
RADIATION 6 4.44 26.64 16< Rpm <30 = Undesirable. Required actions to
eliminate the hazard source.
POLLUTION FACTORS 5 6.48 32.40 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
INSUFFICIENT LIGHT 4 6.48 25.92 16< Rpm <30 = Undesirable. Required actions to
eliminate the hazard source.
EXTREME TEMPERATURES 4 6.48 2592 16< Rpm <30 = Undesirable. Required actions to
eliminate the hazard source.
LEAKAGES CAUSING FIRES 10 6.79 50< Rppm <70 = Unacceptable. Immediate & urgent
Y. actions to eliminate the hazard source, instantly
LIGNITE SELF-IGNITION 10 8.74 K 87.40 70< Rpm <100 = Rejectable. Immed iate & urgent
actions to eliminate the hazard source, instantly
INTENSE WORK- 5 4.36 21.80 16< Rpm <30 = Undesirable. Required actions to
TIREDNESS/INSUFFICIENT eliminate the hazard source.
GUIDANCE
ELECTRICITY 10 6.48 64.80 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
MATERIAL EMISSION 7 6.48 45.36 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
INSUFFICIENT 5 5.61 28.05 16< Rpm <30 = Undesirable. Required actions to
VENTILATION eliminate the hazard source.
STRETCH 5 6.35 31.75 30< Rpm <50 = Objectionable. Required actions to

eliminate the hazard source.

DMRA

Risk
Assessment
Decisions



DMRA

Risk

Assessment

Decisions

Rejectable. Immediate

& urgent actions to

eliminate the hazard

source, instantly

A) ®) © (D) (B) [3)
Severity or | Likelihood| Risk Risk
Hazard Sources Conse que nce Inde x Value Assessme nt Immediate Actions
Factor (L) (Rpm) Decisions
©
SLIPPING 6 6.48 38.88 30<Rpm<50 = Objectionable. Required actions to
eliminate the hazard source.
NARROW (CONSTRAINED) 7 3.48 24.36 16< Rpm <30 = Undesirable. Required actions to
SPACE eliminate the hazard source.
MOVEMENT OBSTRUCTION 5 6.48 32.40 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
ALTITUDE CONDITIONS 6 6.35 38.10 30< Rpm <50 = Objectionable. Required actions to
WORKING eliminate the hazard source.
NOISE 8 8.54 68.32 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
HYDRAULICS UNDER 8 3.70 29.60 16< Rpm <30 = Undesirable. Required actions to
PRESSURE eliminate the hazard source.
SHARPNESS 7 7.33 51.31 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
HEAVY WEIGHT LIFTING 10 6.48 64.80 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
HASTE 7 7.25 50.75 50< Rpym <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
VEHICLE MOTION 10 3.43 34.30 30< Rpm <50 = Objectionable. Required actions *
eliminate the hazard source.
TRAFFIC 10 3.43 34.30 30< Rpm <50 = Objectionable. Requirec
eliminate the hazard source.
FLOATING FUMES, DUST 7 6.35 44.45 30< Rpm <50 = Objectionable. Req’
eliminate the hazard source.
RADIATION 6 4.44 26.64 16< Rpm <30 = Undesirable. Req!
eliminate the hazard source.
POLLUTION FACTORS 5 6.48 32.40 30< Rpm <50 = Objectionable. R«
eliminate the hazard source
INSUFFICIENT LIGHT 4 6.48 2592 16< Rpm <30 —*
eliminate *'
EXTREME TEMPERATURES 4 6.48 25.92 onaesirable. Required ¢
..audte the hazard source.
LEAKAGES CAUSING FIRES 10 6.79 50< Rpm <70 = Unacceptable. Immediate & ury
Y. actions to eliminate the hazard source, instantly
LIGNITE SELF-IGNITION 10 8.74 K 87.40 70< Rpm <100 = Rejectable. Immed iate & urgent
actions to eliminate the hazard source, instantly
INTENSE WORK- 5 4.36 21.80 16< Rpm <30 = Undesirable. Required actions to
TIREDNESS/INSUFFICIENT eliminate the hazard source.
GUIDANCE
ELECTRICITY 10 6.48 64.80 50< Rpm <70 = Unacceptable. Immediate & urgent
actions to eliminate the hazard source, instantly
MATERIAL EMISSION 7 6.48 45.36 30< Rpm <50 = Objectionable. Required actions to
eliminate the hazard source.
INSUFFICIENT 5 5.61 28.05 16< Rpm <30 = Undesirable. Required actions to
VENTILATION eliminate the hazard source.
STRETCH 5 6.35 31.75 30< Rpm <50 = Objectionable. Required actions to

eliminate the hazard source.
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Stochastic Approach

Classic Statistical Approach

Epistemic Models
* PEA

Probability Distributions

* Exponential
* Normal
* Log-Normal
* Weibull

Event Data-Models

* Rate Model
*MTTF/MTTR Model
* Time at Risk Model
* Poisson Model

* Rate/MTTR Model

Accident Forecasting Modeling

Time-Series Method T.S.P.

Markov Chain Analysis

Grey Model

Scenario Analysis

Regression Method

Neural Networks

Bayesian networks
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AvaAuon xpovooeipwy R(t)
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Harmonic Analysis
of occupational-
accident Time- A.T.S. N Crteria
Series Risk Evaluation i

Quantified
Risk Evaluation

Is the risk
tolerable ?

Ensure risk assessment and controls

Risk Assessment

are effective and up-to-date

(J.RESS: Marhavilas & Koulouriotis 2012; Marhavilas et al. 2013)
End
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Harmonic Analysis
of occupational-
accident Time- AesepEE
Series Risk Evaluation

Quantified
Risk Evaluation

No Is the risk
tolerable ?

Risk Assessment Yes

Ensure risk assessment and controls

are effective and up-to-date

(J.RESS: Marhavilas & Koulouriotis 2012; Marhavilas et al. 2013)
End



TSP: Time-Series Stochastic Processes
Ll ASEE
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Time-profile of the

(or

undesirable events)

concerning the

sources defined and

classified in

)

safety managers for the

period

Time-Series

Accident

Depiction of the accident time-series concerning the most important

0.1

hazard sources in PPC's worksites covering the period 1993-2009

(1 month time-averaged data)
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TSP: Time-Series Stochastic Processes
Ll ASEE
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(or

periodogramms) produced

by applying the
on the accident

time-series

of the most

Important hazard sources

IN

worksites during

Squared Harmonic Amplitudes of A(t)
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Distribution of the significant periodicities of the accident time-series
concerning the most important hazard sources in PPC (for 1993-2009)
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solor-map of periodic components from harmonic analysis in
PPC's worksites (1993-2009)

Periodic Components of A(t) [yrs]

Hazard Sources
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* In PPC (for ) are characterized by:

* The of a of ,
which:
* constitutes a for the

of PPC's system relatively to safety, and

* could be taken by the company'’s risk

managers in order to achieve more efficient results on risk

assessment. ﬁ \
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Time-Series
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Depiction of the accident time-series concerning the most important

hazard sources in Constructions' worksites covering the period 1999-2007
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Depiction of the accident time-series concerning the most important

hazard sources |

gtha.neriod 1999-2007

(according to IKA's database with 1 month time-averaged data))
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Periodogramms of the accidents time-series A(t) of the most important
hazard sources in Greek Constructions concerning the period 1999-2007
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Periodogramms of the accidents time-series A(t) of the most important

hazard sources in Greek Constructions concerning the period 1999-2007
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Depiction of the time-series R(t) concerning the important hazard sources
of PPC's worksites covering the period 1993-2009
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Quantity of Risk R(1)

Depiction of the initial-T.S. and the extracted stationary-T.S. for
the most important hazard sources in PPC concerning 1993-2009
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Periodogramms of the stationary-T.S. R'(t) of the most

of the important hazard sources in PPC concerning 1993-2009
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The results of the
hazard sources (

applied on R(t) of the
worksites, for

Hazard Sources Periodic Components
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IIBavokpoTikES TeyviKES

Stochastic Approach

Classic Statistical Approach

Accident Forecasting Modeling

Epistemic Models
* PEA

Probability Distributions

* Exponential
* Normal
* Log-Normal
* Weibull

Event Data-Models

* Rate Model

* Rate/MTTR Model

Time-Series Method

Markov Chain Analysis

Grey Model

Scenario Analysis

Regression Method

Neural Networks

Bayesian networks




ArTokpoTiKES TeyviKES

Qualitative Techniques

Quantitative Techniques

Check Lists

What if Analysis

Safety Audits

Task Analysis

STEP technique

HAZOP

PRAT technique

Hybrid Techniques

HEAT / HFEA

DMRA technique

FTA

Risk measures
of societal risk

ETA

QRA technique

QADS

CREA method

WRA




The flowchart of
quantified risk-evaluation,
Implemented by the
combination and the jointly — Y
evaluation of a Hazard Sources
and a

Risk Consideration/Estimation/Calculation

* Frequency/Probability Analysis
pI’OCESS * Consequence Analysis

Stochastic

Criteria

Jointly Evaluated

Quantified Risk Evaluation |

Risk Assessment

Ensure risk assessment and controls
are effective and up-to-date
End I



The flowchart of

quantified risk-evaluation,
Implemented by the
combination and the jointly
evaluation of a

and a

process.
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No Is the risk
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End I




The flowchart of

quantified risk-evaluation,
Implemented by the
combination and the jointly
evaluation of a

and a

process.

Time at Risk
Fallure Model

Risk Analysis I

Identification of
Hazard Sources

Risk Consideration/Estimation/Calculation

- Yo x Frequency/Probability Analysis
Risk
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End I




iability)

-----

ty or proba\bility of success

0= Unre |ab|I|ty or probability of failure
A= component failure rate =1/MTBF (mean time between failures)

T=time interval (mission time or exposure time)



A stochastic model: “Time at Risk Failure Model”

Probability of failure:
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~ @ C @ . @ @ C @ e ' CC @ @ C . ' @ . ' . C
PRA O gue g 2 MO DOI13 azard SO esS detinead 9
0T PP ® em DV app 0 the
OCha odel, anc 0 the total acclde anad the correspondine

Max

alue
Hazard . Tota Vof vrer Q)| Q)| Q(%)
Risk Value (R Acciden| _. [T=lw| [T=lw| [T=1w.
Sources R i (FR“SK) 0 et | montt]| v
(A) (B) © 0 B A 6] H

1993-| 1993- 1993-

1993 1994 | 1995 1996 | 1997 | 1998 |1999 {2000 | 2001 | 2002 | 2003 |2004 |2005 2006 | 2007 | 2008/ 2009 2000 | 2000 2009

EME;EZSEES 002 | 1178 | 1337 | 1245 | 1195 | 1555 | 1167 | 994 | 1203 | 1405 | 1621 | 1933 | 1586 | 1560 | 1617 | 1704 | 537 | 1303 | 1933 | 1143 | e5.0% | 99.0% | 100.0%
ngb‘E'DESZEESS& 1035 | 745 | 143 | 778 | 822 | 623 | 433 | 309 | 503 | 554 | 525 | 476 | 00 | 00 | 04 | 05 | 12 | %6 | 1035 | 41 | 3% | o7 | 1000%
IMPACTS ON

STABLE 1090 | 1173 | 1125 | 942 | 856 | 928 | 1100 | 80.2 | 102.1 | 100.7 | 67.2 | 549 | 145.1 | 1551 | 993 | 1265 | 109.6 | 1159 | 1551 | 1285 | 60.7% | 98.4% | 100.0%
OBJECTS

EE(JF%E%E 0313 | 77 |87 [ o4 |60 | 03 [17] 27 | 42 |35 |30 | 70 |45 | 10 |85 | 19 | 13 | 123 | 12007 oa% | 3 | 991%

EXPOSURE TO

NATURAL 28 | T4 | 75 | 113 | 22 | 95 | 38 |45 | 41 | 44 | 46 | 62 | 61 | 10 | 14 | 65 | 167 | 138 | 167 | 1079.1 | 10.5% | 38.7% | 99.5%
FACTORS

EXPOSURE TO

ELECTRICITY 193 | 169 | 159 | 161 | 290 | 258 | 249 | 27.7| 231 | 196 | 111 | 102 | 183 | 27.1 | 269 | 66 | 24 | 256 | 290 | 58L7 | 18.6% | 59.7% | 100.0%

EXPOSURE TO

CHEMICALS | 18 | 08 | 15 | 32 | 28 | 19 | 57 | 05| 03 [ 08 | 04 | OO [ 08 | 04 | 82 | 05 | 128 | 52 | 128 | 28638 | 41% | 168% | 86.6%
OR RADIATION

OTHER 204 | 183 | 119 | 202 | 248 | 95 | 347 | 738 | 308 | 176 | 169 | 165 | 61 | 56 | 344 | 156 | 421 | 384 | 738 | 3878 | 26.6% | 74.4% | 100.0%




R for PPC’'s OHSS system ( )

* Most important hazard source in PPC : “EMPLOYEES FALLS”
* maximum (i.e. very close to 200)

So, required actions must be done In order to degrade the
likelihood of arising fatal accidents.

Additional significant hazard sources: a) “IMPACTS ON STABLE OBJECTS”

( >>100), b) “COLLAPSES & SQUEEZES” (R= >100), which present a
risk value greater than 100 and are essential for the elimination of
their potential of danger.

Sources requiring surveillance (R<100)

Other hazard sources: a) “EXPOSURE TO ELECTRICITY” (R=29<100), b
‘EXPOSURE TO CHEMICALS OR RADIATION” (R=12.8<100), which préﬁﬁa [isk
value lower than 100, and required actions are not necessary but the event T
surveillance instead. \
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OT PP @ : DV app 0 s
ochea odel. and g the total accidents and the correspondina
Max
value
Hazard . TOtQ' of | MTBF Q)| Q(%)| Q%)
g Risk Value (R) Aocite) oo g | = 1=ty [T=t
OUTCEs ts week] | month]|  yr]
(Rra)
(A) (B) ©| O B O 6] H
1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 [2000 | 2001 |2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008| 2009 12%%% 12%%% 12%%%
A )
EMPLOYEES ) 019 | 1178 | 1337 | 1245 | 1195 | 1555 | 1167 | 004 | 1203 | 1405 | 1621 | 1933 | 1586 | 1580 | 1617 | 1701 | 537 | 1303 ( 1933 ) 1143 | 650% | 99.0% | 100.0%
FALLS %3
COLLAPSES& | ypac | 745 | 743 | 778 | 822 | 623 | 433 | 299 | 503 | 554 | 525 | 476 | 00 | 00 | 04 | 05 | 12 | 586 |1035| 2541 | 376% | &7.9% | 100.0%
IMPACTSON N
STABLE 1000 | 1173 | 1125 | o2 | 856 | 928 | 1100 | 02 | 1001 | 1007 | 672 | 549 | 1451 | 1551 | 993 | 1265 | 1096 | 1150 ( 151 >128.5 607% | 98.4% | 1000%
OBIECTS /| N
EE(FTF%ER“#E 0313 | 77 |87 [ o4 |60 | 03 [17] 27 | 42 |35 |30 | 70 |45 | 10 |85 | 19 | 13 | 123 | 12007 oa% | 3 | 991%
EXPOSURETO
NATURAL | 28 | 74 | 75 | 113 | 22 | o5 | 38 | 45| 41 | 44 | 46 | 62 | 61 | 10 | 14 | 65 | 167 | 138 | 167 | 10791 | 105% | 387% | 995%
FACTORS
EXPOSURE TO
ooty | 193 | 169 | 159 | 161 | 0 | %58 | 29 |217| 1| 196 | 111 | 102 | 183 | 201 | %9 | 66 | 24 | 2 | 20 | ST | 16% | 5T | 1000%
EXPOSURETO
CHEMICALS | 18 | 08 | 15 | 32 | 28 | 19 |57 | 05| 03 | 08 | 04 | 00 | 08 | 04 | 82 | 05 | 128 | 52 | 128 | 28638 | 41% | 168% | 866%
OR RADIATION
OTHER | 04 | 183 | 110 | 202 | 248 | 95 | 347 | 738 | 208 | 176 | 169 | 165 | 61 | 56 | 344 | 156 | 421 | 384 | 738 | 3678 | 266% | 744% | 1000%




*“Time at Risk Failure Model” for PPC’s system ( J

» Most important hazard source in PPC: “EMPLOYEES FALLS”

. (for T=1 working week)
» Another high-risky hazard-source: “IMPACTS ON STABLE OBJECTS”
. (for T=1 w.week).

* Other significant hazard sources:
* “COLLAPSES & SQUEEZES” ( for T=1 w.week)

« “OTHER SOURCES’ ( )
« “EXPOSURE TO ELECTRICITY” ( )-

Low-risky sources (Q<10%)

Other sources like

+ “EXPOSURE TO CHEMICALS OR RADIATION” (Q=4.1%)
+ “EXTREME EFFORT” (Q=9.4%)

* “‘EXPOSURE TO NATURAL FACTORS” (Q=10%)

present a low (<10%) or a very low (<5%) probability of failure Q.
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PRAI (e gque o 2 MO DOI13 azarad sources ge =10 O
OT PP @ : DV app 0 s
ocha odel. and g the total accidents and the correspondina
Max
value
Hazard . TOtQ' of | MTBF Q)| Q(%)| Q%)
g Risk Value (R) Aocite) oo g | = 1=ty [T=t
OUTCEs ts week] | month]|  yr]
(Rra)
(A) (B) C| O € F|] G H
1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 [2000 | 2001 |2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008| 2009 12%%% 12%%% 12%%%
.
EM&EZ@) 02 | 1178 | 1337 | 1245 | 1195 | 1555 | 1267 | 994 | 1203 | 1405 | 1621 | 1933 | 1586 | 1580 | 1607 | 1701 | 537 | 1308 | 1933 | 1243 65.0@ 09.0% | 1000%
N
COLLAPSES& | ypac | 745 | 743 | 778 | 822 | 623 | 433 | 299 | 503 | 554 | 525 | 476 | 00 | 00 | 04 | 05 | 12 | 586 |1035| 2541 | 376% | 87.9% | 100.0%
IMPACTSON
STABLE 1000 | 1073 | 1125 | w42 | 56 | 928 | 1100 | 02 | 1021 | 1007 | 672 | 549 | 1451 | 155 | 993 | 1265 | 1006 | 1159 | 1551 128.5< 607%)| 98.4% | 100.0%
OBIECTS /|
EXTRENE e | on
I3 wa| a7 | a7 | ae | 60|03 |17 |27 |42 |35 | 30 [ 70| 45 | 11|65 | 19 | 13 | 123 |1207| 0% | B | A1k
EXPOSURETO
NATURAL | 28 | 74 | 75 | 113 | 22 | 95 | 38 | 45| 41 | 44 | 46 | 62 | 61 | 10 | 14 | 65 | 167 | 18 | 167 | 10791 | 105% | 387 | 995%
FACTORS
EXPOSURE TO
D roRRe T | 103 | 169 | 189 | 161 | M0 | 58 | 249 27| 281 | 196 | 101 | 102 | 183 | 711 | 269 | 66 | 24 | %6 | 290 | SELT | 188% | ST | 1000%
EXPOSURE TO
CHEMICALS | 18 | 08 | 15 | 32 | 28 | 19 | 57 | 05| 03 | 08 | 04 | 00 | 08 | 04 | 82 | 05 | 128 | 52 | 128 | 28638 | 41% | 160% | s66%
OR RADIATION
OTHER | 04 | 183 | 100 | 202 | 248 | 95 | 347 | 138 308 | 176 | 169 | 165 | 61 | 56 | 344 | 156 | 421 | 384 | 738 | 3878 | 266% | 744% | 1000%




PRAT TRF (]

compatible

For example:
Most important hazard sources:

“EMPLOYEES FALLS” N
IMPACTS ON STABLE OBJECTS”

(or

e
P, b A
N J.,:-'
t

‘

suppressive meas .~ .
- the ,e _Wyear)

e

;- - - o
S < i
- 4
L WC T s "
ey L -
) —— X




@ @ . @ (A - @ - ' e @ CA - . ' CA . ' . C
PR A - gque o : 0 DOI13 azard so AS (€ =10 O
OT PP @ : DV app 0 s
ochea odel. and g the total accidents and the correspondina
Max
value
Hazard . TOtQ' of | MTBF Q)| Q(%)| Q%)
g Risk Value (R) Aocite) oo g | = 1=ty [T=t
OUTCEs ts week] | month]|  yr]
(Rra)
(A) (B) ©| O B O 6] H
1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 [2000 | 2001 |2002 | 2003 | 2004 | 2005 | 2006 | 2007 2008| 2009 12%%% 12%%% 12%%%
A )
EMPLOYEES ) 019 | 1178 | 1337 | 1245 | 1195 | 1555 | 1167 | 004 | 1203 | 1405 | 1621 | 1933 | 1586 | 1580 | 1617 | 1701 | 537 | 1303 ( 1033 |)1143(| 650%)| 90.0% | 100.0%
FALLS (1983 I3\
COLLAPSES& | ypac | 745 | 743 | 778 | 822 | 623 | 433 | 299 | 503 | 554 | 525 | 476 | 00 | 00 | 04 | 05 | 12 | 586 |1035| 2541 | 376% | &7.9% | 100.0%
IMPACTSON N
STABLE 1000 | 1173 | 1125 | o2 | 856 | 928 | 1100 | 02 | 1001 | 1007 | 672 | 549 | 1451 | 1551 | 993 | 1265 | 1096 | 1150 ( 151 >128.5< 60.7%) | 98.4% | 1000%
OBIECTS /| N
EE(FTF%ER“#E 0313 | 77 |87 [ o4 |60 | 03 [17] 27 | 42 |35 |30 | 70 |45 | 10 |85 | 19 | 13 | 123 | 12007 oa% | 3 | 991%
EXPOSURETO
NATURAL | 28 | 74 | 75 | 113 | 22 | o5 | 38 | 45| 41 | 44 | 46 | 62 | 61 | 10 | 14 | 65 | 167 | 138 | 167 | 10791 | 105% | 387% | 995%
FACTORS
EXPOSURE TO
ooty | 193 | 169 | 159 | 161 | 0 | %58 | 29 |217| 1| 196 | 111 | 102 | 183 | 201 | %9 | 66 | 24 | 2 | 20 | ST | 16% | 5T | 1000%
EXPOSURETO
CHEMICALS | 18 | 08 | 15 | 32 | 28 | 19 |57 | 05| 03 | 08 | 04 | 00 | 08 | 04 | 82 | 05 | 128 | 52 | 128 | 28638 | 41% | 168% | 866%
OR RADIATION
OTHER | 04 | 183 | 110 | 202 | 248 | 95 | 347 | 738 | 208 | 176 | 169 | 165 | 61 | 56 | 344 | 156 | 421 | 384 | 738 | 3678 | 266% | 744% | 1000%




