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Risk?
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Accidents : Accidents : Statistical Analysis (Domestic)

재해자 (명)

사망자 (명)

부상자 (명)

출처 : 고용노동부 2009년 산업재해조사 통계

근로자 (명)
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강도율
도수율

산재보상금 (백만원)

Accidents : Accidents : Statistical Analysis (Domestic)

재해율
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Accidents : Accidents : OECD (’08)

출처 : OECD Health 
Data(2009년)

인구 10만명당 사망사고
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Accidents : Accidents : OECD

사망만인율 : OECD 국가 중 최고

� 대한민국 : 1.8 (’08)
� 미국 : 0.48 (’07)
� 일본 : 0.26 (’07)
� 영국 : 0.07 (’07~’08)
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Risk = Probability x ConsequencesRisk = Probability x Consequences

� Personnel Fatality / Injury

� Asset Damage

� Production Loss

� Environmental Impact 

� Loss of Reputation

� Social / Political Impact
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General Phenomena : General Phenomena : Rate vs. Driving force

Y = f(a, b, …, n)
≒f(a)

Y = f(a, b, …, n)
≒f(a)

Y = f(a, b, …, n)
≒f(a,b)

Y = f(a, b, …, n)
≒f(a,b) Y = f(a, b, …, n)Y = f(a, b, …, n)
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Safety Management : Safety Management : Levels

Triple Zero

1/3

2/3

1.0

1997 2002 20071990

Hardware Focus

Procedures Audit

Behaviour

FAR
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Safety Management : Safety Management : Steps

100

25

15

5

3

Survival of the Fittest

Compliance Management

MS and Behavior Approach
Management System Approach

Reactive Mode

Proactive Mode

Technical Mgmt (Equipment)
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Why Manage Risk ?
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Risk Assessment & ManagementRisk Assessment & Management

Decisions
1. ______
2. ______
3. ______
..
..
..
..

Benefits

Costs

? ? ××××

? ? ?

� � ?

ALARP

Criteria

Hazard 
Identification

Hazard 
Identification

QUALITATIVE
ANALYSIS
Judgement

QUANTITATIVE
ANALYSIS

FTA ETA

Engineered
System

RISK MANAGEMENT

RISK ASSESSMENT

RISK ANALYSIS

Hazard Identification

Risk Estimation

Development of Options

Option Analysis

Decision

Implementation
Monitoring and Evaluating

Review
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Risk Assessment : Risk Assessment : Methodology

EquipmentEquipment

HAZOP
Process safety design

QRA
Accident impactAccident impact

SIL
Equipment safety protection

RBI
Equipment integrity

RAM
Equipment performance

RCM
Equipment reliabilityEquipment reliability

RCM (Reliability Centered Maintenance),      RBI (Risk Based Inspection)
RAM (Reliability Availability Maintainability),  SIL (Safety Integrity Level））））
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Risk Assessment : Risk Assessment : Case Study (QRA)

Overpressure contours 100 mbar

10-3/year 10-4/year 10-5/year 10-6/year
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Risk Assessment : Risk Assessment : Case Study (SIL)

Develop SRSSIL VerificationSIL Classification

Select SIF 
- Establish Design Intent

Identify Initiating Causes 
- Estimate Initiating Cause Frequency (IC)

Determine Scenario / Consequences Level 
- People, Environment, Economy

- Determine Target Mitigated Event Likelihood 
(TMEL)

List IPL
- Assess IPL Type and IPL Integrity

Calculate Risk Reduction Factor (RRF) 
Required

Determine Intermediate Event Likelihood (IEL) 
or Frequency of Unmitigated Consequences

Missing Risk Reduction (if any), gives the target 
SIL of an SIF

EUC

SIF = PAHH
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Risk Assessment : Risk Assessment : Case Study (RAM)
Report View Expert View

Results 
Summary Production Results Criticality
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Risk Assessment : Risk Assessment : Case Study (RBI)

1 2 3 4 5

Before RBI 29% 26% 13% 23% 9%

After RBI 2% 14% 24% 36% 24%
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Risk Assessment : Risk Assessment : Case Study (RCM)

FMEA & Risk analysisFMEA & Risk analysis
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Risk Based ManagementRisk Based Management

Asset

RBI

RCM

SIL

RAM

Tank, Static Equipment
& Pipe Line

Rotating Equipment

Electric Apparatus 
& Instruments

Safety Protective Equipment
& Instruments

RBM

QRA

CMMS

CMMS (Computer based Maintenance Management System)
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Risk
Recognition

Establish
the context

Identify
all hazards,
threats, &

opportunities

Risk
Recognition

Establish
the context

Identify
all hazards,
threats, &

opportunities

Risk Based Management : Risk Based Management : Procedures

Risk
Evaluation

Analyze the risks

Evaluate the risks

Risk
Evaluation

Analyze the risks

Evaluate the risks

Risk
Control

Develop
control plans

Implement
Control plans

Risk
Control

Develop
control plans

Implement
Control plans

Risk
Monitoring

Monitor
risks & controls

Review & improve
risk management

system

Risk
Monitoring

Monitor
risks & controls

Review & improve
risk management

system

What matters?

What can go 
Wrong (or right)?

What matters?

What can go 
Wrong (or right)?

What is the risk?

So What?

What is the risk?

So What?

What do we
do now?

Let’’’’s do it!

What do we
do now?

Let’’’’s do it!

Is it working?

Can we make
it better?

Is it working?

Can we make
it better?
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Safety Management :Safety Management :Ladder

Uncertainty
Who cares as long as we’’’’re not caught

Core
Safety is important, we do a lot every time 

we have an accident

Extended
We have systems in place to manage 

all hazards

Leading Edge
We work on the problems that we still 

find

Word Class
HSE is how we do business round 

here
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Safety Management : Safety Management : HSE Integrity & Safety Culture

Trained and Competent Staff

HSE
Integrity

RISK Management System

Risk 
Recognition

Risk
Control

Risk
Evaluation

Risk
Monitoring

MeasurementMeasurement Safety 
Culture

Feedback
Risk Based ManagementRisk Based Management
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Safety Management : Safety Management : Strategy

AdvancedAdvanced
MethodsMethods

InformationInformation
SharingSharing

SelfSelf
ControlControl

We ImproveWe Improve
ProcessProcess

PerformancePerformance

Risk Based
Management
Risk BasedRisk Based

ManagementManagement

Safety 
Culture

ImproveImprove
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DNV’s Services

� HAZID

� HAZOP

� Failure Mode and Effects Analysis (FMEA)

� Quantified Risk Assessment (QRA)

� SIMumtaneous Operations (SIMOPS)

� Fire Risk Analysis (FRA)

� Explosion CFD Study (ERA)

� Gas Dispersion Study

� RAM (Reliability, Availability, Maintainability) Study

� Safety Integrity Level (SIL) Analysis

� Risk Based Inspection (RBI)

� Reliability Centered Maintenance (RCM)

� Computer based Maintenance Management System (CMMS)

� International Safety Rating System (ISRS)

� Safety Culture



© Det Norske Veritas AS. All rights reserved.

29 April 2011

27

Safeguarding life, property 
and the environment
02-755-7052   Hern.Chang.Lee@dnv.com

www.dnv.com


