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Introduction to risk evaluation criteria,
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criteria for the maritime regulatory framework.

* Basic philosophy of risk assessment:

* Risks between negligible and intolerable should be
made As Low As Reasonably Practicable (ALARP).

* Risk should be made ALARP by adopting cost-effective
risk control measures.
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Introduction to risk evaluation criteria,
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* Basic philosophy of risk assessment:
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risk control measures. H

Workshop Environmental Risk Evaluation Criteria Athens Feb. 2009 Lastmodified: 20090225  No.3  Germanischer Lloyd



Introduction to risk evaluation criteria,

* But how to evaluate environmental
risk?

* Transfer of the safety philosophy
requires:
* Definition of risk categories
(“intolerable, tolerable, negligible)

e (Criterion for CEA

* SAFEDOR suggested a new cost effectiveness criterion related to accidental
oil spills of tankers in 2005:

Cost of Averting a Tonne of oil Spilt (CATS)

* CATS is a cost-effectiveness criterion for ALARP process.

* The ALARP area for environmental risk not yet defined.
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Introduction to risk evaluation criteria,

* CATSpy, (> AC/AR)

* |s a criterion independent of the oil type and the spill size.
* For application in FSA investigation
* Considers

* cleaning costs (USD 16,000/tonne),

* environmental costs (USD 24,000/tonne)

* and an assurance factor (> 1, present proposal 1.5)
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Brief review of tanker operation,
* Data for major oil tanker srxsH >eAranaxoH .
segments (fleet at risk)and = A weow —weon
accidents was compiled using: ™

the LRFP-database:
e PANAMAX
e AFRAMAX
* SUEZMAX * oo e ome.1omn 1ot 1o <002 1004 109 199 2000 2002 2008 2006 200

Year

* VLCC &ULCC

* Data from the period 1990-2006 was used resulting in 25.780 ship
years.

* Presently about 2000 tankers (> 60,000 DWT) are operating
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Brief review of maritime oil spills,

* 160 accidents with oil spills ranging from 1kg to 260,000 t were
analysed. (total: ~1 million tonnes)

* The number of accidents from double hull (DH) tankers is
significantly smaller than for single hull (SH) tankers.
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Brief review of maritime olil spills,
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Brief review of maritime oll spills,

Accumulated frequency of oil spill quantity
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Introduction to ALARP

* |t defines that risks should be reduced to as low as reasonable practical and cost-
effectiveness is used to assess risk control options.
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set using economic
considerations.
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Setting an ALARP area

* Approach 1: It is accepted as means of transport, and
associated risks are also considered acceptable.

* Approach 2: Societal acceptance of oil spills is based
on the same economic value considerations as the
societal acceptance of loss of life.

* Approach 2b: Approach 2 + non constant CATS

* Approach 3: Transfer from oil transport by pipeline.
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Setting an ALARP area — approach 1

* ltis accepted as means of
transport, and associated risks are
also considered acceptable.

* Therefore, current maritime oil
transport by tankers - defined by
1990-2006 data - is JUST
acceptable and cost-effective risk
control options should be
implemented. SH and DH tankers
are considered.

* Boundary to intolerable risk
defined by tangent of F-T diagram. | # ;

e Slope of -1

* The width of the ALARP area is
taken as two orders of magnitude.
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Setting an ALARP area — approach 1
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Setting an ALARP area — approach 2

* |tis assumed that the
societal acceptance of
oil spills is based on
the same economic
value considerations as
the societal acceptance
of loss of life.

* This implies that a
translation of the value
of life to the value of
environment is
possible.

e
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Setting an ALARP area — approach 2

* The ratio of cost-effectiveness
criteria CAF and CATS is used to
scale existing ALARP boundaries.

e CATS;, = 60,000 USD
*  CAF = 3 million USD

* Anchor point for tolerable -
intolerable boundary for tanker
crew safety: N=1; F =2:102,

* The anchor (T=50; F1=0.02)
e Slope of -1

* The width of the ALARP area is
taken as two orders of magnitude.
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Setting an ALARP area — approach 2

1E+00
\\

E’. \\\\ Upper bound

N .  — erboun
= 1E-01 | N intolerable PP
‘S N Lower bound
0 N —o— DH+SH (90 - 06)
Q \\
c 1E-02 .. N
& (S =~y NG
e N W—M& N
o 9 BN
(o] > 1 E'03 \‘\ NS
£ 2 — N
o) ﬁ By ~N
(o) N N
Z  1E-04 N S~ ~e

tolera ~ M
%) negligible ~ N
S 1 E-05 _ _
= SN N
(o
@ N
S [~ \
L 1E-06 ‘ ‘ ~
1 E+00 1E+01 1 E+02 1 E+03 1E+04 1 E+05 1 E+06

Spill size (tonnes)

Note: presently, all spills larger than 700 tons are rendered intolerable.

- = —___-

Workshop Environmental Risk Evaluation Criteria Athens Feb. 2009 Lastmodified: 2009-02-25  No.16  Germanischer Lloyd



Setting an ALARP area —
approach 2
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PANAMAX ~5600t 1500t 3600 t
AFRAMAX ~8000 t 1800 t 5900 t
SUEZMAX ~11300t 2300t 8300t
ULCC ~19000 t 3000t 15000t
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Cost of oll spills T =

s S
* Cost of oil spills vary with spill location, =" g G b
spill size, oil type, etc. b [ )

* Larger oil spills typically cost less per
unit oil spilt.

* Examples:
* OSIR data: small = 10,000 USD/tonne
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large = 1,000 USD/tonne = \ \
* Greydata: small= 100,000 USD/tonne | N N
large = 1,000 USD/tonne | B
Quellz: Catherine J. Grey 1559, For last ten years
* A spill-size dependent CATS was Open sea
created and tested to define the ALARP
area using CAF/CATS.
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Cost of oil spills

* Cost of oil spills vary with spill location, scus I sam g -
spill size, oil type, etc. s siem |
* Larger oil spills typically cost less per e P e, [sus b
unit oil spilt. 7
* Examples:
e (OSIR data; small = 10,000 USD/tonne spill-size dependent CATS
large = 1,000 USD/tonne 100000 o
* Greydata: small = 100,000 USD/tonne n -
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* A spill-size dependent CATS was
created and tested to define the ALARP 000 | | |
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Cost of oll spills

Arco Ancorage
*
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Setting an ALARP area —
approach 2b
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Note: spill-size dependent CATS shifted boundaries to higher frequencies.
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Setting an ALARP area — approach 3
Pipeline as reference ?

Crude oil is transported also by
pipeline. About 200.000 miles of
pipelines span the US.

The contribution to GDP from the
pipeline industry averages to 10.5
billion USD per year (2002-2006).

At the same time, the volume of oil
spilt in pipeline accidents averages
to 14.670 t per year (2002-2006).

This results in 1.41 t oil spilt per
million USD contribution to GDP.

Source: www.bts.gov
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The four major oil tanker classes
were considered separately and
their current charter rate (per day
for 1-year time charter) was used to
determine annual revenues.

The average annual revenue from
oil transport by tanker is 16 million
USD.

Combining the pipeline data with
the shipping data yields a target
value for PLO of 22.6 t oil spilt / per
ship year.

This can be used to construct the
acceptance criteria in the FT-
diagram.
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Setting an ALARP area — approach 3

. 1E+00 ~ N
Q. N
lg 1E-01 N \‘\ intolerable
n N
e ™
S 1E-02 \\‘ \\
2y 0404000000, N ALARP N
g > 1E-03 N\
s S
O n N = \\
Z \
s 1E-04- \\\
> negligible
(8}
& 1E-05 \\
S N
(o
e N
u- 1 E'OG I I I I I
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06
Spill size (tonnes)

Note: using pipeline data shifted boundaries to higher frequencies.
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Conclusions and outlook;

* Risk assessment requires criteria!

* Risk acceptance criteria are not
based on natural law.

» Safety and environmental criteria
must be accepted by society.

* ALARRP principle in combination
with cost-effectiveness analysis to
determine acceptable risk.

* Presupposition: definition of
intolerable and negligible risk.

» Different approaches for a
definition of “tolerable area” are
presented.
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Conclusions and outlook,

* Cost-benefit analysis within FSA process requires a threshold.

* Such a threshold may either be constant of spill size
dependent.

* The definition of such a threshold should consider
* The societal need of environmental protection.
* The application in IMO process (improvement of regulations)
* That most of the tanker operate worldwide and transport different oil grades.

* CATS was proposed by SAFEDOR (CATS,, = 60,000 USD)
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