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Norway, 3,5

Fanama; |9.12

Cuprus; 3,52

USA; 36
UK 38

Japan; 4.1

Malta: 4 18

Libena: 7.89
CGreece: 444

Bahamas: 5,19
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Country of domicile Number of vessels Deadweight tonnage
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Greece TaR 2345 3103 |44 849923 105 010 850 149 860 803 T0.07 [9.52
Japan 74T 2163 2910 [ 13472332 90924 107 104 396 439 w710 [3.60
Norway 872 BLO 1691 |27 [38 155 30959452 58097607 53.29 757
China 1617 704 0 2321 (22680 169 21623434 44 303 603 48 81 577
LUnited States SH3 BI0 1453 [ 11001954 31536497 425385451 T4.14 5.54
Germany 377 1925 2302 | T231590 33517881 4074947 82.25 331
Hong Kong (China) 235 334 569 |13 206 714 24 527094 37733 808 63.00 4.92
Republic of Korea 491 304 B35 | 9135854 16633763 25769617 64.55 3.36
Taiwan Province of

China 133 3095 528 | 6313645 10014 886 223285351 71.72 2.91
Singapore 457 257 TI4 120627368 67643542 19391910 3488 2.53
United Kingdom 396 383 TT9 | TROTO51 10225805 18093756 56.52 2.36
Denmark 349 333 682 | 85400665 TOT71422 16512087 48,25 2.15
Russian Federation 2 176 380 2556 ) ®429692  TEI6G3IS 1o 246 007 4511 2.12
Italy 519 119 638 | B315551  3EE6635 12202 186 3185 1.59
Saudi Arabia 52 O 121 923734 10086880 11010614 91.61 1.43
World total [5649 14579 30228 28] 241 565 486 350815 767 592 380 63.30 100.00
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Risk analysis

- Scope definition
- Hazard identification
- Risk estimation

Y

Risk evaluation

- Risk tolerability
decisions
- Analysis of options

Y

Risk reduction/control

- Decision making
- Implementation
- Monitoring
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Decision Makers

I

FSA Methodology

Step 1 Sicp 2 Step 5
Hazard Risk Decision Making
ldentificaiion Assesoment Recommendations
A N A &
h
Step 3

Risk Control Crptions

:

‘ Step 4

Cost Benefit Assessment
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FSA - a risk based approach

‘ Definition of Goals Systems Operatlons‘ -Preparatory Step

Hazard Identification

* Step 1
SearEro defilich I Hazard Identification
|
Cause and Consequence
Frequency Analysis Analysis

L 2

Risk Summation Step 2

Risk Analysis

| Options to decrease II Step 3
_ Frequencies | Risk Control Options
Step 4 Cost Benefit Assessment

| Cost Benefit Assessment

ﬁ Sl [.‘p 5 Recommendations
Repong for Decision Making
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Input from Problem

Definition

y

Team Selection &
Selection of Team Leader

!

—)

Selection of
Facilitator

Preparatory
Phase

Obtain Necessary
Information, Data &
Supporting Documents

[

v

Schedule & Organize Meeting,
Distribute Material

Brainstorming to Identify Accident Scenarios
Using e.g. What-I[, What-If/ Checklist, FMEA,
HAZOP, RCA, Task Analysis

v

=

Identification
Phase

Estimate Frequency

Yes | Estimate Consequence

v

v

FMEA, FTA (with HRA)

Select Appropriate Technique, ¢.g. Select Appropriate Technique, e.g.

ETA, HAZOP, WHAT-IF (with

v

HRA)
y

=)

Ranking Phase

Classify &
Rank
Hazards

Document
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Ttem Deviation

Hazard and Operability Analysis of the Vessel's Compressed Air System

Causes

Consequences

Risk Ranking
(Consequence,
Likelihood)

Safeguards

Recommendations

1. Intel Line for the Compressor

1.1 High tlow

No mishaps of
interest

1.2 Low/no flow | Plugging of filter Inefticient Pressure/vacuum Medium Risk Make checking the
or piping compressor gauge between the (Consequence: pressure gauge
{especially at air operation. leading to | compressor and the Medium reading part of
intake) excessive energy intake filter Likelihood: someone’s daily
use and possible Medium) rounds
compressor damage s

Rainwater Periodic

accumulation in replacement of the OR

the line and Low/no air flow to filter

potential for equipment and

. ) . Replace the local

freeze-up tools. leading to . .

. Rain cap and screen gauge with a low
production the air intak gaug "
inefficiencies and at the air intake pressure switch

o i that alarms in a
possibly outages
manned area
"
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Hazard brainstorming

2. Valve failure

3. Pump failure

4. Pipeline failure

5. Overpressure in tank

7. Walve control system
8. Power failure

13. Ballast
14. Ballast
15, Inadeq
cle

1. Inadequate ballast system design

6. Remote system operation failure

9. Gauging system failure

10. Maloperation of valve

11. Failure of venting system

12. Remote valve indication failure

1. The SWIFT starts by defining
the relevant operations and
brainsiorming hazards

2. A generic checklist is wsed 1o

s prompi for additional hazards

Generie SWIFT cheeklist

=Oiperating errors and other human factors
=Measurement errors
~Equipment/instrumentation malfunction
*Maintenance

=Utility failure

=Integrity failure or loss of containment
=Emergency operation

External factors or influences

3. The logsheet covers the
hazards in a logical sequence

, #$ -. %+ $ /01& !
Hazard Risk
Anirdveis Metfods Srmmerary of Method Meove Common Uses
What-ilchecklist What=il analvsis is a brainstorming approach that Cenerally applicable to any tvpe of sysiem.,
analyvsis wses loosely structured questioning to (1) postulate process or sctivity (especially when pertinent

potential vpsets that may resell in mishaps or
svslem performance problems and (23 ensure that
appropriate safcguards against those problems are in
place.

Checklist analyvsis is @ svstematic evaluation agains
precstablished criteria in the [oem of eone or moere
checklists,

checklists of loss prevention requirements oF
best practices cxist).

Mot elien used when the use of other more
systematic methods (eg., FMEA and HAZOP
analvsis) is not practical.

Failure modes and
ellects analyses

(FMEAY

FMEA is an inductive reasoning approach that is
best suited o reviews ol mechanical and electrical
havdware svsiems, The FMEA technique (1)
considers how the Biluee modes of each svstem
COMPONENT can resull in svsiem periormance
problems and (27 ensures that appropriate
safiguards against such problems ane in place. A
guantitative version of FMEA is know as failore
misdes, elTects and criticality analysis (FRMECA).

Primmarily wsed for reviews ol mechanical and
eclectrical systems (cog., lirg suppression
avslems, vessel steering propulsion systems),
Cften vsed o develop and optimize planned
i ntenance and equipment inspection plans.
Sometimes used fo gather information for
troubleshooting svsicms.

Harzard and
operabilit (HTAZOP)
analysis

The HAZOP analvsis weehnigue is an inductive
approach that uses a systemanic process (using
special guide words) for (1) postulating deviations
[eeam design intents [or sections ol systems and (2)
enauring that appropriate saleguards are in place 1o
help prevent svstem perlormance problems.

Primarily wsed for identifying saliety haeards
and operability problems of continuous process
systems (especially Moid and thermal svstems).
Also used W review procedures and other
sequential aperations,

" )22 %-3 4 *53 *6
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Coarse risk analysis

(CRA)

Pareto analysis

Root cause analysis
+ Event charting

o 5 Whys techmgue
+ Root Canse Map™

CRA uses operations/evalumtions and associated
functions for accomplishing those
operationsevolutions to describe the activities of a
tvpe of vessel or shore fcility. Then, possible
deviations mn carrving oul functions are postulated
and evaluated to charaeteriag the nsk of possible
mishaps, (o generate risk profiles in 2 number of
formats and (o recommend appropriate risk
mitigation actions,

Pareto analvsis is a prioritization technigue based
solely on historical data that identifies the most
significant items among many. This technigue
emplovs the 80-20 rule, which states that ~80
percent of the problems (effects) are produced by
~20 pereent of the conses,

Root couse analvsis uses one or a combination of
analysis tools o systematicallv disseet how o
mishap ocewmed (ie., identifying specific
equipment fuilures, human errors and external
events contributing o the loss). Then, the mabvsis
conbinues to discover the underlving root couses of
the key contributors to the mishap and 1o make
recommendabions for correcting the root conses.

Primarily used to analyze (in some detail) the
broad range of operabions/evolutions associated
with a specific class of vessel or type of shone
facility.

Analyses can be performed for a representative
vesselfTacility within a class or mav be applicd
Lo specific vesselafocilitios,

Especially useful when risk-based information
15 sought o optimiee Geld mspections for
classes of vessels/facilies.

Cienerally applicable to any type of svstem,
process or activity (as long as ample historical
data is wvailable),

host aften vsed o broadly characterizs the

most important risk contributors for more
detmled analvsis

Ceenerally applicable to the investigation of amy
mishap or some identified deficiency in the
ficld

Event charting is most commonly wsed when
the loss scenario s relatively complicated,
involving a significant chain of events andfor 2
number of underlving root couses.,

5 Whys 15 most commonly used for more
strmghtforwand loss scenarios.

Root Cause Map 15 used i conjunction with

any root conse analvss o challenpe analysts o
consider o range of possible root couses

Change analvsis

F®

I %&
+%&

Change analysis systematically looks for possible
risk impacts and appropriate nsk management
strategics in situations in which change is occurring
(e.z., when svalem configurations are aliered, when
operating practicespolicies changes, when
new(different activities will be performed).

" 7 *.,8 /01& !

& +%&" - :

Ceenerally applicable to any situation in which
change from normal confipuration/operations
pctivities 15 likely to significantly affect risks
(g2, marine events in portsiwalerways),

Can be wsed a8 an effective root couse analysis
method as well as a predictive hazard risk
analysis method
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Availahility | Type of Data | Level of | Accident(a) Event Chain | Human Usefulness
Detail or ' Description | Factors for Risk
1: low Incident {i) included Analysis
Database 5: high Data 1: low
5: high
DAMA Pubiic narrative, | 2 accidant no no z
partial
statistical
IMO Public statistical 1 accident no no 1
database
LR database | Putlic statistical 1 accident no no 1
MAIB ublic narrative, increases accident depends on | partial depends on
partial with severity severity of provided
statistical of casualty casualty level of
2-5 detail
3-5
MARS Fublic narrative increases accident depends on | partial depands on
with severity |incident severity of provided
of casualty casualty level of
2-5 detail
3-5
MU Public narrative increases accident, depends on | partial depends on
with severity | incident severity of provided
of casualty casualty level of
2-5 detail
3-5
MINMOD not public narrative, 3 accident, yes limited 3
statistical | ncident _
SAFIR Private statistical, ) accident, parlia yes 4
narrative (7) ncident
SYNERGI Private statistical, ] accident, yes yes 4
 narrative | ncident
" $ *% " ' 999!
ot HS%
# # & % " # ' (
! * +, - (
9
%&




H-AA

&

%&

$9

%&



) : . .3
FAQ@ & 4 !
& & I 1
+ FAO-
4& & 11,2 G& ! 5 %
& # @5 H +@LLJ- JF
1
CATEGORY DEFINITION
Catastrophic Multiple deaths
Critical A single death: and/or multiple severe injuries or severe occupational
illnesses
Marginal A single severe injury or occupational illness; and/or multiple minor
injuries or minor occupational illness
Negligible At most a single minor injury or minor occupational illness
" %* *33: # 2
/01& !
1
ACCIDENT OCCURRENCE
FREQUENCY (During operational life considering all instances of the system)
Frequent Likely to be continually experienced
Probable Likely to occur often
Occasional Likely to occur several times
Remote Likely to occur some time
Improbable Unlikely, but may exceptionally occur
Incredible Extremely unlikely that the event will occur at all, given the
assumptions recorded about the domain and the system
", %* *33: # 6*
/01& !
RISK CLASS INTERPRETATION
A Intolerable
B Undesirable and shall only be accepted when risk reduction is impracticable
C Tolerable with the endorsement of the Project Safety Review Committee
D Tolerable with the endorsement of the normal project reviews
"< %* *33: # 4= /01& !
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Catastrophic Critical Marginal Negligible
Frequent A A A B
Probable A A B C
Occasional A B C C
Remote B C C D
Improbable C C D D
Incredible C D D D
> %* *33: # 4= /01& !
& + &-
&
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Likelihood of Occurrence (Wiggins 1985)
Level | Description Detailed Deseription
A Frequent Likely to occur frequently
B Probable Will occur several times in life of a system
C Occasional Likely to occur at sometime in life of a system
D Remote Unlikely but possible to occur in life of a system
E [Improbable So unlikely that it can be assumed its occurrence may not be
experienced
2 @= 3%) *$ # /01& !
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Consequence (Wiggins 1985)

Mishap Definition

Level Description
I Catastrophic Death or system loss
1l Critical Severe mnjury, severe occupational illness, or major system damage
11 Marginal Minor injury, minor occupational illness, or minor system damage
V Negligible Less than minor injury, occupational illness, or system damage
"9 *6 * 1 # /01& !
F.K F,L 5

F.@1

Risk Assessment Matrix (Wiggins 1985)

Likelihood Consequence level
level | I 11 v
Catastrophic Critical Margmal Neglizible
A: Frequent 1 3 7 13
B: Probable 2 5 9 L6
C: Occasional 4 6 [ 18
D: Remote 8 10 14 19
E: Improbable 12 15 17 20
Risk Index Suggested Criteria
[-5 Unacceptable
6-9 Undesirable (project management decision required )
10-17 Acceptable with review by project management
[8-20 Acceptable without review
" 4 =" $*:. # /01& !
@LLO 4 & 6 <5 . 45 .-
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Level

Effect

Types of Effects*

Safety/Health

Equipment/Property

Mission Interruption

Environmental

Aninjury or iliness
results in a fatality or
pemanent total
disability

The cost of reportable
property damage is
$1,000,000 or more

Vessel/base is unable
to respond to
accomplish critical
missions

Substantial offsite
impact (ocean life
effects or offsite
health effects)
extending beyond the
local area

Any injury and/or
illness results in
partial disability

Five or mare people
are inpatient
hospitalized

The cost of property
damage is $200,000
or more, but less than
$1,000,000

Major impact on
ability of vessel/base
to rapidly accomplish
critical missicns

Significant command
attention

Major local arsa/
cffsite impact (ocean
life effects or offsite
health effects)

A nonfatal injury or
illness results in loss
of time from wark for
four ar mare wark/
duty days

The cost of property
damage is $10,000 or
maore, but less than
$200,000

Moderate impact on
ability of vessel/base
to rapidly accomplish
critical missions

Limited capabilities,
but able to respond if
needed

Significant local area/
offsite impact {(enough
for an international
treaty viclation,
community alert, or
awareness)

A nonfatal injury or
illness occurs that
does not meet the
criteria abave

A person is
overboard, an
accidental firearms
discharge occurs, or
an electric shock
occurs, none of which
meets the criteria of a
higher classification

The cost of property
damage is less than
$10,000

Minor impact on
ability of vessel/base
to rapidly accomplish
critical missions

Operational nuisance

Vessel/onsite release
of a substance with
minor/no offsite
effects

Possible personnel
exposure
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Frequency Scoring Categories
Frequency Frequency Scores
Score {with frequency
Descriptions bounds) Example Benchmarks
Continuous
of—— 100 events per year
Very Frequent
of— 10 evenlts par year
Frequent
f— 1 event per year
Occasional
o 1 event over 10 years
Probable
1 event over 100 years
o— (10% chance of an event
over 10 years)
Improbable
1 event over 1,000 years
(1% chance of an event
over 10 years)
Rare
1 event over 10,000
years (1% chance of an
event over 100 years)
Remote
o 1 event over 100,000
years (1% chance of an
Incredible event over 1,000 years)

Centainty
Category Description
Very confident that the actual frequency s at or below the
Higk assigned frequency category and data exist to suppart the
frequency category
Confident that the actual frequency is at or below the
Medium | assigned frequency category and expect data could be
obtained to support the frequency category
Little confidence that the actual frequency is at or below
Low the assigned frequency category and unsure whether data
exist or no data exist to support the frequency category
Location
Contribution Description
H High contributor to the deviation risk; most all of the
deviation risk is due Lo this location
Mederate contrbutor to the deviation risk; a moderata
X (significant) porticn of the deviation risk is due to this
lacatien
L Low contributer 1o the deviation sk, a minimal portion of
the deviaticn risk s due to this location
N Na or litthe significant contribution te the deviation risk; litthe
of no portion of the devialion risk is due o this location
Screening A B c 5
Criteria
{equal to or .
less than) 1 1 2 4

4& +:-
1),& KKO &  # & &

4 &

'}), ,& , K80 4 & !
F.@0 ),& ,KKO

* Actual frequency estimate is at least
an order of magnitude less than the
bounds af this category
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P=10% P =107 . P=102 P =10
Improbable Remote Occasional Probable Frequent
A _ [2
| ind.* 1.0
<R < <R <
Catastrophic ind.* ind.*
5=10°% |E
<R < <R <
Critical 1.0 102
§=2x10°% = Iﬂ
M ind.* 0.01 10 100 103
<R < <R < <R < <R < <R <
3" Margina| 0.2 200 2 x 10‘3 2Xx 104 ind.*
i §=10°8
g _ [20] [ ] [16] [13]
s i ind.* 0.002 20 20 200
a <R < <R = <R =< <R < <R <
% | Negligivle 0.01 10 100 10% ind.*
= ls-z2x18 =
Mishap Probability
Mishap Risk ™
Assessment Value Mishap Risk Category Mishap Risk Acceptance Level **
from Tr?z:{e;q_m . KeY\N 18-20 10-17 5-9 1-5 High Companent Acquisition Executive
R | | | - Serious  Program Executive Officer
= min Low Medium  Serious High Medium Program Manager
) — & <R < Low As directed
&M R *ind. = indeterminate  ** From Table A-IV of Ref. 1
max

FAO 5
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Frequency Index
FI | FREQUENCY DEFINITION F (per ship
year)
7 I'requent Likely to occur once per month on one ship 10
5 Reasonably Likely to occur once per year in a fleet of 10 ships, i.e. 0.1
probable likely to occur a few times during the ship’s life
3 Remote Likely to occur once per vear in a fleet of 1000 ships. 10~
i.e. likely to occur in the total life of several similar
ships
I Extremely remote | Likely to occur once in the lifetime (20 years) of a 10~
world fleet of 5000 ships.
" 6 * *3#: , !
Severity Index
SI | SEVERITY | EFFECTS ON HUMAN SAFETY | EFFECTS ON SHIP S
(Equivalent
fatalities)
I Minor Single or minor injuries Local equipment 0.01
damage
2 Significant | Multiple or severe injuries Non-severe ship damage 0.1
3 Severe Single fatality or multiple severe | Severe damage I
injuries
4 | Catastrophic | Multiple fatalities Total loss 10

2 *3#: , !
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Risk Index (RI)

SEVERITY (SI)
| 2 3 |
F1 FREQUENCY Minor Significant Severe Catastrophic
7 Frequent 8 9 10 11
6 7 8 9 10
5 Reasonably probable 6 7 8 9
4 5 6 7 8
3 Remote 4 5 6 7
2 3 4 5 6
I Extremely remote 2 3 4 5
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