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Abstract 

The lпternationa\ Maritime Organizatioп pгepared docшneпts and 
recommeпdations for use of t\1e Formal Safety Assessment оп board the ships to 
impгove the 1evel of safety iп eveгyday pгactice. Based оп "the Guideliпes for 
Foпnal Safety Assessment (FSA) fог use in the IMO Rule Making Process, 
MSC/ Circ. 1023, МЕРС/ Сiтс. 392" the леw compaпies' Risk Assessmeпts 
forms have been added to the ships' files. However it is often obseгved that 
improper understandiлg of the use of FSA caused geneгatiлg the official 
documeлts containiпg tl1e seгious mistakes. That caused lowered tl1e \evel of 
safety iлstead of improviлg staпdaгds on Ьоагd the ships iп aspects of e.g. 
passage planлiпg or deck duties. The maiп reason fo1· mistakes made солсеrлs 
the problem of adoptiлg the tl1eoretica\ foгnшlas and recommeпdatioпs of t\1e 
IMO guidelines into the ship compaпies' fom1s to Ье used in pгactice. The 
examples of problems taken diгectly trom геаl life, analysis of sollltions have 
Ьеел presented iп the рарег. · 

Keywords: FSA, "isk mat1-ix, passage planning. decision making. 

1 Introduction 

The pгoblem of safety is the most important aspect aпalyzed Ьу tl1e 
iпteгnatioпal maritime bodies. How to impгove it in the geneгal scale? Опе of 
the ]atest steps was the Formal Safety Assessmeпt to Ье iл use 011 Ьоагd tl1e 
ships as а пеw coшmon practice. Startiпg from the theoretical tools and mode]s 
based оп pгobaЬility апd statistics, guidelines Ьаvе Ьееп c1·eated to implemeпt 
t11is topic in а practical way. The shippi11g compa11ies were oЫiged to adapt the 
ruies to take into consideration the specific kinds of maгitiшe sector. Thl!s the 
new safety assessments forms had to Ье created wl1ich should \1ave Ьееп 

compatiЫe wit\1 their teatured woгks . Tl1e poiпt was how to tгaпsfoпn the 
advanced models and гecommendations into the siшple form which sl1ould лоt 
Ье complicated to L1se for the sеаfагег in chaгge. Based 011 two vaгiaЬ\es 
(fгeqнency апd the severity of conseqL1ence), the гisk шatrix сап Ье eva\L1ated. 
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Then the use of simple numeric parameters is followed by the assessment of risk
before commencing the relative process. The designated persons were to create
the special sheets to make the master's or chief officer's duties onboard easier.
The serious problem occurred when the guidelines for the Formal Safety
Assessment for use in the IMO rule-making process were not properly followed
by the shipping companies. Thus the misunderstanding of the risk matrix can
often be observed in the published forms or even recommended literature [5, 6].
Examples of these occurring problems are included in this paper. The
consequence of such improper attitude produces a lower level of safety. The
limits between minor or catastrophic risks are shifted. Moreover, it is shifted in a
dangerous direction. This means the probable area of risky acting is
considerably decreased according to wrong calculations. Though the range of
the matrix values influences the symmetric distribution as the basic one, the
additional data can modify the final boundaries between the different types of
risk (safety).

Attention ought to be paid by the persons in charge when transforming the
general guidelines into their specific company ISM forms concerning FSA. This
wasone of the reasons to focus on the presented problem here which has been
coming directly from practice since 2006.

2 IMO recommendations concerning FSA

The Maritime Safety Committee and the Marine Environment Protection
Committee approved Guidelines for Formal Safety Assessment (FSA) for use in
the IMO rule-making process. FSA is a rational and systematic process for
assessing the risks relating to maritime safety and the protection of the marine
environment and for evaluating the costs and benefits of IMO's options for
reducing these risks. The use of FSA is consistent with and should provide
support to the IMO decision making process. It provides a basis for making
decisions in accordance with resolutions A.500 (XI1) "Objectives of the
Organization in the 1980's", A.777(18) "Work Methods and Organization of
Work in Committees and their Bodies" and A.900(21) "Objectives of the
Organization in the 2000s".

The application of the FSA may be particularly relevant for the proposals
for the regulatory measures which have far reaching implications in terms of
costs to the maritime industry, or the administrative or legislative burdens which
may result. This is achieved by providing a clear justification for proposed
regulatory measures and allowing comparison if different options of such
measures are made. This is in line with the basic philosophy ofFSA in that it
can be used as a tool to facilitate a transparent decision-making process. It also
provides a means of being proactive, enabling potential hazards to be considered
before a serious accident occurs [1].
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In the Guidelines for FSA by IMO, we can read that member governments
and non-governmental organizations are invited to apply to FSA when it is
deemed necessary, and to submit the results thereof to the organization in
accordance with the standard format for reporting. The Guidelines for FSA
includes the following items:

å  Introduction (purpose ofFSA, scope and application);
å  Basicterminology;
å  Methodology,
å  Problem definition;
å  Identification of hazards;
å  Riskanalysis;
å  Risk control options;
å  Cost benefit assessment;
å  Recommendations for decision-making;
å  Presentation of FSA results.

The details can be found in [1] and the references cited there.
Risk is defined as the combination of the frequency and the severity of the

consequence. Consequence is understood as the outcome of an accident, and
frequency as the number of occurrences per unit time. FSA should comprise the
above mentioned steps from identification of hazards to recommendations for
decision-making. Characterization of hazards and risks should be both
qualitative and quantitative, and both descriptive and mathematical, consistent
with the available data, and should be broad enough to include a comprehensive
range of options to reduce risks. The availability of suitable data necessary for
each step of the FSA process is important. When data are not available, the
expert judgment, physical models, simulations and analytical models may be
used to achieve valuable results. The human element can be incorporated by
using human reliability analysis. The important item is the frequency and
consequence categories used in the risk matrix have to be clearly defined. Then
the combination of a frequency and a consequence category represents a risk
level.

3 ImproperuseofFSAin practice

In the following paragraphs we try to show examples of improper
implementation of the Formal Safety Assessment focusing on the risk matrices
and relevant risk zones.
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3.1. Directly from ships

Let us start with the example coming directly from the fleet of tankers in
operation. The shipping company we'll name here simply "Company.". The
persons in charge (managing director, ISM designated person) of adapting the
new risk assessment forms prepared standing instructions followed by the
concerned forms. On one of the pages of the new ISM Manual entitled Company
standing instructions applicable to all crews working on vessels owned,
managedor chartered by the (...) Group wecan find Risk Assessment Matrices -
Guidance on Risk Assessment for use with form. The risk assessment procedure
basing on the proposed instructions and risk matrix are as follows:

Table 1. Severity levels in Company's form

1 N il
n il in sta n ce s o f m e d ic a l a id / a s sista n c e , n o o r o n ly v o ry s lig h t d a m a g e t o v o s so l(s) o r p ro p e r ty
a n d n o o il s p ilt

2 Sli g h t
R e q u ire s o n site 'first -a id ' o n ly a n d is f it t o re tu rn to w o rk im m e d ia t g ly . S lig ht d a m a g e to
v o s 5e l(s)o r p r o p e rty . M o s p ill o f o il.

3 M o d e ra te

R e q u ire s o n sits 'firs t-a id ' o r a v isit to h o sp ita t I d oc to r b u t fit to re tu rn to w o rk in le ss th a n 3

d a ys . S ig n if ic a n t d a m a g e to ve sso l(s ) o r p ro p e rt y , b u t still a b le t o o p e ra te n o rm a lly . O il
c o n ta iriQ d o n v e s so l(s ) o r w ith in sh o r o fa c ility .

4 H ig h

R e q u ire s o n s ite 'f irs t-a id ' a n d / o r a v isit to h o s p it a l / d o c to r , b u t u n a b le to r e tu rn to w o r k in
le s s t h a n 3 d a y s, D a m a g g to v e sse l (s ) su b st a n tia l e n o u gh to ta ke th 9 v e ss e l(s) o u t o f se rv ice .

O il c o n t a m in a t Qs th e m a ri n e e nv iro n m e n t b u t is co n ta ine d w it h in t h e im m e d ia te v ic in ity o f th e
s p ill .

5 " ' V o y ri ig h

Sh m tSk h

Table 2. Likelihood levels
distribution

L IK E L  H O O I

1 U nlike ly 蝣

2 Likely
蝣

3 Q u it e  P o s s i b l 9

4 Possib  le
蝣

5
:  ;.* �";  蝣& ｫ ｣

V e r y  t f k fc t ^ K  r

*fc

Table 3. Risk zones with theoretic risk rating

H  H L 牀 tf i i i : re i : r ;

V e r y  L o w  R i s k 0 1 0 2 0 3 0 4 0 5

L o w  R is k 0 6 0 7 0 8 0 9 1 0

M o d e r a te  R is k l l 1 2 1 3 1 4 1 5

H ig h  R is k 1 6 1 7 1 8 1 9 2 0

V e ry  H ig h  R is k 2 t 2 2 2 3 2 4 2 5
?�"?｣ ?       m -;
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Analyzing the above mentioned matrix we can easily find out that according
to the company's recommended way of risk assessment it is not possible to
obtain the following Risk Rating numbers: 7, ll, 13, 14, 17, 18, 19, 21, 22, 23,
24. These numbers cover 44% (!) of all matrix values (1 1 of25). Taking into
consideration only the numbers possible to obtain the proposed risk matrix looks
as follows:

Table 4. Risk matrix composed of actual distribution of risk ratings

R is k

le v e l
R i s k  r a t i n g

N u m b e r  o f

p o s s i b il i t i e s

V e r y  l o w

r i s k
1 2 3 4 5 I ff

L o w  r is k 6 8 9 1 0 7

M o d e r a t e

r i s k
1 2 1 5

"V

H ig h  r i s k 1 6 2 0 X

V  e r y

h ig h  r i s k
2 5 1

Here are some corollaries:

a) The minimal rating RRmm= 1 and the maximal RRmax=25 do not
implicate existence of natural values RR I [1; 25] Q N, where RR
stands for Risk Rating and N for a set of the natural numbers.

b) Very high risk level can be reached in one case only when both severity
and likelihood ratings equal 5, i.e. 5 x 5 =25. Not as stated (Table 3) in
five cases when RRI {20, 21, 22, 23, 24, 25}. 25 pairs give us 14
different products.

c) Moderate and high risks can be obtained when Risk Rating equals 12 or
15 and 16 or 20, respectively. Not as far as stated in Tab. 3. Most of
products cannot be achieved (3 of 5) for both risk levels. Risk Rating
referring moderate risk can be obtained in 4 cases i.e. (3,4), (4,3), (3,5),
(5,3) and the high risk in 3 cases i.e. (4,4), (4,5), (4,5) where the first
number stands for severity and the second for likelihood.

d) According to the proposed scales for severity and likelihood ratings
obtaining the risk levels looks as follows
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å  Very low risk: 40% (of all cases);
å  Low risk: 28%;
å  Moderaterisk: 16%;
å  Highrisk: 12%;
å  Veiyhigh risk: 4%.

what is presented graphically in the color coded Table 5

Table 5.Real risk zones ofmultiplicative risk ratings distribution

蝣 Severity  index蝣
1 2 3 4 5

T 3
o
O x
i= i  -a
<D CV  "-i
-J

1 1 2 3 4 5

2 2 4 6 8 1 0

3 3 6 9 1 2 1 5

4 4 8 1 2 1 6 2 0

5 5 t o 1 5 2 0 2 5

where

å  greencolormeansvery low risk;
å  blue-lowrisk;
å  yellow- moderaterisk;
å  orange-highrisk;
å  red-veryhighrisk.

In the above mentioned case it is necessary to use a different formula for
obtaining the Risk Ratings which are followed by the respective acting. One of
proposed way ofassessing the risk can look as follows.

The risk is obtained as stated in formula (1)

A=B*C, (I)

where A - risk, B - severity, C - frequency (probability) of considered situation.

To simplify the calculations we can use the logarithmic scale and define the
relevant indexes: Risk Index (A), Severity Index (B) and Frequency Index (C).

Range of natural values for Severity and Frequency Index extends e.g. from
1 up to 5 only, as above suggested in Tables 1 and 2. Each value refers to a
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respective situation in both cases. Then the value of risk index is calculated as a
sumof values ofFrequency Index and Severity Index

log(A) = log(B) + logfC),

what can be written in the shorter way
A=B+C

(2)

(3)

Thus the Risk Index (A) can be a natural number from2 (the lowest risk) to
10 (the highest risk).
To use proposed method it is necessary to define the limits of the above
mentioned indexes which implicate the respective actions. Then predefined
criteria depend on the nature of the considered case.

The proposed risk matrix looks then as follows

Table 6. Risk matrix basing on addition of indexes

R is k  In d e x  A

S e v e r it y  I n d e x  B

1 2 3 4 5

F r e q u e n c y v e ry S lig h t m o d  e r a te h ig h
V e ry

I n d e x  C s l  ig h t h ig h

1 u n lik e ly 2 3 4 5 6

2 lik e ly 3 4 5 6 7

3
q u ite

p o s s ib le
4 5 6 7 8

4 p o ss ib le 5 6 7 8 9

5 V e ry  lik e ly 6 7 8 9 1 0

It is important to see where the boundaries between the risk levels are
situated. We can use above mentioned five levels of risk and then divide them
accordingly :

å  Verylowrisk(A=2orA=3)-3cases,
å  Lowrisk(A=4orA=5)-7cases,
å  Moderaterisk(A=6)-5 cases,
å  Highrisk(A=7 orA=8)-7cases,
å  Veryhighrisk(A=9orA=10)-3cases.
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what gives 25 cases, all possible to be obtained. Then the risk levels cover
the matrix values symmetrically.

Using proposed scales for severity and likelihood indexes the risk levels
look as follows:

å  Verylowrisk: 12%(of all cases);
å  Lowrisk:28%;
å  Moderaterisk: 20%;
å  Highrisk:28%;
å  Veryhighrisk: 12%.

This is what is looks like presented graphically in color coded Table 7

Table 7. Real risk zones of additive risk ratings distribution
S e v e r ity  in d e x

1 2 3 4 5

-c s
o
O X

m ~o
<D C

M -

_J

1 2 3 4 5 6

2 3 4 5 6 7

3 4 5 6 7 8

4 5 6 7 8 9

;  5 6 7 8 9 1 0

whereas:

å  greencolor- very lowrisk;
å  blue-lowrisk;
å  yellow-moderaterisk;
å  orange-highrisk;
å  red-veryhighrisk.

In another solution the point is that the numbers are used without naming
the risk levels. For instance the risk index equals 5 so it is higher than 4 in
another case. However both are called the same name "low risk" here. In this
way wecan assess the risk more precisely avoiding further approximation. And
that can be useful when referring the proper precautions to be taken in each case.
It is necessary to guide the master (c/o, c/e) how to act when already assessed
situation may occur and the risk index equals e.g. 9 of scale from 2 to 10. Thus
the respective written forms ought to be adapted properly by the shipping
companies.

General example. The job to be done onboard has been assessed in advance
according to the new statements in the ISM Manual including FSA. The risk
index equals 8 of above mentioned scale. The person in charge (master, c/o, c/e)
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should know if such ajob is allowed to be done e.g. at anchor or alongside the
berth only. Apart from the strict requirements and procedures there is a good
seamanship, personal experience and commonsense to be relied upon. However
it differs depending on the person in charge, especially when an extraordinary
situation happens -and this needs to be assessed as well. If the official manuals
say that all actions of risk index equal or higher than 7 can be done only when
alongside the quay with proper precautions taken then the decision (risk index 6
or 7) made onboard causes the serious consequences for the ship's operation.
Another question occurring here is: if the risk index equals 9 or 10 (very high
risk) so can ajob (whatever it is) be done when at anchor or not?

Wecan see that there is a need for clearly defining the main actions to be
taken following the risk index (especially at higher risk levels) in general by the
company which can be used by the responsible person onboard. Otherwise, the
risk assessment matrices as a guidance on risk assessment for use with
respective form will not be pragmatic. To tell the truth it will not work at all and
seem to be just the paper fulfillment of new IMO obligatory document. Let us
think of not everyday situations when we are obliged to assess the risk indeed
and make the decision onboard in not too long time period. We ought to know
up to what risk level we are allowed to solve the problem.

It is impossible in practice to predict all situations onboard and have the
manual ready in each imaginary but possible event. This article also shows how
the new item works or can work, and how to optimize it following the IMO
recommendations.

3.2 Literature

Formal Safety Assessment can also be used in the passage planning what is
shown in Fig. 1 taken from the literature on practice and principles of passage
planning [5, 6]. At the execution stage there are two important tasks to be
cons idered :

å Risk assessment and management
å Bridge resource management

To assess the risk, five steps are used:

a) Identify the hazards;
b) Consider the potential harm;
c) Evaluate the risks. Establish if existing precautions are sufficient;
d) Record all findings and measures of control;
e) Review the assessment and if the risks are still not controlled, revise

the plan until a satisfactory conclusion has been reached.

Risks have been divided into five zones, as what is presented in Table 8:
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1. Trivial Risks - risks deemed unimportant. Action to reduce the risk is not
normally required.

II. Tolerable Risks - risk that can be tolerated or accepted without any
possible harm but that should be monitored to maintain control; e.g.
transiting a narrow passage during the day as compared to a night transit
in the same area.

III. Moderate Risks - additional resources are required to achieve substantial
control of the potential risk, with a possibility of an increase in cost e.g.
posting a helmsman.

IV. Substantial Risks - risks that are unacceptable and have to be reduced at
any cost e.g. in restricted visibility, reduction of speed and doubling
watch keepers on the bridge.

V.Intolerable Risks - risks that cannot be controlled or reduced due to the
level of severity and the non-availability of resources. Under these
conditions the passage cannot be continued e.g. when a ship meets very
severe weather and has to seek shelter.

As an example, risk is given for a hazard Failure ofGPS whenpassing at
close proximity to Balfe Point Light in the Strait ofBab-el-Mandab. The risk has
been identified as Unable to use ECDfS due to the unavailability of GPS
position, vessel running aground. To pass through the area safely the vessel is
using control measures to eliminate or reduce the risk.

P.-mnftn Planning Rir;R Assesá"ont

Fig. 1 Example of the Formal Safety Assessment in
passage planning [5, 6]
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It is stated there that the risk level had been estimated with indicated control
measures in place. If the control measures are not implemented, the risk
assessment would not be valid and the risk level will increase. In reassessment
of risk the likelihood of harm has been given a scale of 6 and it has been
assumed that one radar is operational on parallel indexing throughout the
passage.

It is suggested by the authors in [5,6] that a risk assessment be carried out
and the resultant rating and action noted in the planning sheet and the
assessment number entered in the passage plan check-list for the future
references. It is also recommended to re-assess risks on a case-by-case basis and
to ensure that control measures are in place.

Analyzing the risk matrix and applied algorithm we can find out that the
analogous mistakes analogous as to presented in paragraph 3. 1 have been made
again. The essential point is that they caused very serious consequences in the
context of proposed risk zones and followed actions to be taken.

Table 8. Risk zones with symmetric risk ratings distribution [5, 6]
L e v e l  蝣,  R a t in g  T r iv ia ! A c tio n

I^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ E  I
N o  fu r th e r  a c tio n  r e q u ire d

6 - 1 0  !  T o le ra b le M o n it o rin g  re q u ir e d  to  e n s u r e  th a t  t h e  c o n tr o ls  a re  m a in ta in e d

1  1 - 1 5    M o d e ra t e E ffo r ts  t o  re d u c e  n s k s  r e q u ire d  w it h  a tte n tio n  to  a llo c a tio n  o f
r e s o u r c e s  a n d  a m o u n t  o f  t im e  r e q u ir e d  to r  re d u c in g  ris k ,

1 6 2 0  S u b s ta n tia l

I

S h ip  c a n n o t  p ro c e e d  o n  p a s s a g e  u n til  n s k  is  re d u c e d .
A llo c a t io n  o f  r e s o u r c e s  a n d  tim e  c a n  in c re a s e  to  v e ry  h ig h
a m o u n t  b u t  s h ip  m a y  p ro c e e d  o n  v o y a g e  o n c e  r is k s  h a v e  b e e n
r e d u c e d .

2 1  - 2 5    In to le ra b le P a s s a g e  c a n n o t  b e  c o n t in u e d  e v e n  w ith  u n lim ite d  r e s o u r c e s .

As we read in foreword [6] all Bridge Officers, experienced or otherwise
are to be encouraged to consider their own passage planning standards against
these two works (i.e. [5, 6]), particularly with reference to the highly important
section on Risk Assessment. That is the recommendation coming from Tanker
Operators Safety Forum. So the idea is worth focusing on, however it is
absolutely not allowed to base the FSA in passage planning including the same
arithmetic misunderstanding as in above mentioned Company form in paragraph
3.1. The details are presented in Figure 1 and Table 8. The table, including the
risk zones and respective range of values, seems to be divided equally in five
zones. In fact the limits of safety are shifted considerably to what allows the
dangerous situations to happen according to proposed partition instead of
guiding the person in charge to avoid such a case. That is especially clear in
substantial and intolerable zones. This proof is analogous as before for the Table
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9 as well as Table 3. The example coming from the nautical literature says to
pay attention again to the proper implementation of FSA in practice following
the IMO recommendations.

4 Conclusion

The problem of the implementation of Formal Safety Assessment is present
in various fields of maritime research and application. The motivation to focus
on the problem has come directly from the real life. The improper use of
recommendedtools by 1MO has the opposite effect to the assumed one. The
level of safety is decreased indeed when basing on the arithmetic algorithm
which is not properly used. In general it is difficult to expect from the seafarers
in charge to be well educated in the methods of advanced statistics and
probability and to use them in FSA onboard. That is why the mathematically
complicated tools were to be made easier for general use. As a guidance, the risk
matrix has been evaluated, including the natural numbers as a fundamental
element of risk assessment. The new form affects various events of marine
operations including passage planning, security and safety matters. Interested
parties having carried out an FSA application should provide the most
significant results in a clear and concise manner, which can also be understood
by other parties not having the same experience in the application of risk
assessment from the FSA study. The methods and techniques used to carry out
the assessment should be described as recommendations for decision-makers.
The importance of the proper implementation of risk matrices and the relevant
techniques is shown in particular as the FSA is a rational and systematic process
for assessing the risks relating to maritime safety and the protection of the
marine environment. To facilitate the understanding and use of the results the
respective forms and reports should be based on the mathematically correct
assumptions and algorithms.

The examples of practical implementation of FSA including the improper
use of recommended notions and methods have been presented in the article to
make a better understanding of risk assessment tools well worth exploring.
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