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Disclaimer

All material produced under the West MOPoCo project is available free of charge and
shall not be used for any commercial purposes. Any amendment, review, and update of
the content or format of this Manual shall be authorised by West MOPoCo Beneficiaries
and shall refer to the original document developed under the project. Revisions to the
original document conducted by West MOPoCo Beneficiaries shall be notified to the
authors for record of the modifications. West MOPoCo Beneficiaries do not assert that
this material is faultless and make no warranty, nor assume any legal liability for the
accuracy, completeness or usefulness of this manual. West MOPoCo Beneficiaries do
not assume responsibility or liability for any direct, indirect or consequential damages
for the use of this material.

The content of this Manual represents the views of the authors only and is their sole
responsibility. The European Commission does not accept any responsibility for use that
may be made of the information it contains.

No part of this publication may be reproduced, stored in a retrieval system, or trans-
mitted in any form or by any means, electronic, mechanical, photocopying, recording or
otherwise, without the prior consent of West MOPoCo Beneficiaries.

Photographs as well as all data covered by copyright cannot be reproduced or copied
without the written permission of the owners. Other data available on our site may be
reproduced provided the source is mentioned.

The designations employed and the presentation of the material on the website do not
imply the expression of any opinion whatsoever on the part of SGMer and the Project
Partners concerning the legal status of any State, Territory, city or area, or of its authori-
ties, or concerning the delimitation of their frontiers or boundaries.

IMO Materials are reproduced with the permission of the International Maritime Organization (IMO), which does
not accept responsibility for the correctness of the material as reproduced: in case of doubt, IMO's authentic text
shall prevail. Readers should check with their national maritime Administration for any further amendments or
latest advice. International Maritime Organization, 4 Albert Embankment, London, SE1 7SR, United Kingdom



Preface

The Western Mediterranean Region Marine Oil and HNS Pollution Cooperation (West
MOPoCo) project supported Algeria, France, Italy, Malta, Morocco, Spain and Tunisia in
collaboration with Monaco in strengthening their cooperation in the field of prepare-
dness for and response to oil and Hazardous and Noxious Substances (HNS) marine
pollution and in improving the quality and interoperability of their response capacities.

The Project was implemented through an inter-regional effort, including the participa-
tion of the Regional Marine Pollution Emergency Response Centre for the Mediterranean
Sea (REMPEC), the Bonn Agreement for the Greater North Sea and its approaches and
the Helsinki Commission (HELCOM) for the Baltic Sea. The project benefits from the
technical support and expertise of expert partner institutions such as Cedre, ISPRA and
ITOPF.

The present Manual has been developed by Cedre, ISPRA and ITOPF in the framework
of the West MOPoCo project at the request of the Secretariat of the Bonn Agreement,
HELCOM and REMPEC, to provide state of the art information on HNS pollution prepare-
dness and response. The competent national authorities of Member States of the three
regional conventions were consulted at each step of the drafting process, to ensure the
Manual meets their operational needs and to enrich it with their national experience in
responding to chemical spills at sea.

More info at:

&aonn Agreement
!__ Accord de Bonn

ovp.
:b}‘: www.helcom.fi secretariat@helcom.fi

WWww.rempec.org rempec@rempec.org

www.bonnagreement.org secretariat@bonnagreement.org

L‘(<¢\
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REMPEC

This Manual is available at www.westmopoco.rempec.org

The content of this Manual is also available through the decision trees of MIDSIS TROCS
4.0, the new Maritime Integrated Decision Support Information System on Transport of
Chemical Substances also updated and upgraded under the West MOPoCo project.
This tool, designed as a reference for use in the field (downloadable offline application)
or office (Online version), seeks to provide decision-makers with options for response to

marine chemical emergencies presented in a structured format through decision trees.
MIDSIS TROCS 4.0 is available on REMPEC's website: midsis.rempec.org
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n INTRODUCTION

1.1 Scope

Maritime transport is often described as
“the backbone of globalized trade and the
manufacturing supply chain”, since more
than 80% of the global merchandise trade
by volume is carried by sea.

Some of the goods transported are
defined as Hazardous and Noxious Subs-
tances (HNS). HNS might be released
into the sea as the consequence of illegal
discharges or maritime accidents such as
groundings or collisions; and whilst major
incidents involving an HNS spill are rare,
they can be very complex and potential-
ly have severe impacts on human health,
the environment, and socio-economic
resources. The particular challenges asso-
ciated with responding to HNS incidents
are linked to the heterogeneity of the
various substances considered as HNS,
which include substances presenting
various hazards (physical hazards such as
fire and explosion, health hazards such as
toxicity, and environmental hazards) and
behaviours (gases/evaporators, floaters,
dissolvers, sinkers).

The objective of this Marine HNS Response
Manual is to provide operational guidance
for first responders and decision-makers
during a maritime incident at sea or in port

1 - Marine HNS Response Manual

involving HNS. The manual does not cover
all aspects of an incident involving HNS,
but specifically addresses relevant offshore
and onshore spill response techniques
(but excludes topics such as search and
rescue, salvage, medical treatment). The
HNS Marine Response Manual consists of
three parts:

1. Introductory background information
relevant for understanding the concepts
driving an HNS response strategy in
seven chapters;

2. Operational fact sheets and deci-
sion-making flowcharts relevant for res-
ponders;

3. Annexes |, Il and Il include regional
specificities (information on maritime
transport, sensitive resources, etc.) for
the Baltic Sea (Helsinki Commission
(HELCOM)), North Sea (Bonn Agree-
ment) and Mediterranean Sea (The
Regional Marine Pollution Emergency
Response Centre for the Mediterranean
Sea (REMPEQC)) respectively.
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1.2 HNS definition

There are two different key definitions of
HNS: that of the 2000 OPRC-HNS Proto-
col and that of the 2010 HNS Convention
(IMO, 2010). Under the 2000 OPRC-HNS
Protocol (IMO, 2002), HNS are defined
as "any substance other than oil which, if

introduced into the marine environment,
is likely to create hazards to human health,
to harm living resources and marine life,
to damage amenities or to interfere with
other legitimate uses of the sea”.

Any substance other than oil which, if introduced into the marine environment, is likely to
create hazards to human health, to harm living resources and marine life, to damage
amenities or to interfere with other legitimate uses of the sea.

Dangerous,
hazardous and
harmful substances,
materials and articles

Packaged

Chemicals
and noxious

in bulk

Liquid Gazes in bulk

c
o
.2
c
0
P
c
9)
@)
(32)
pd
T

Solid bulk

Liquid substances with
a flashpoint <60 C

MARPOL
Annex I

MARPOL
liquid substances Annex Il

IGC Code

IMSBC Code

HNS if listed
in DGL

IMDG Code

HNS if listed in
Chapter 17 and
pollution category
X,Y,Z(and S, P or S/P)

IBC Code

HNS if listed
in Chapter 19

HNS if category
A, B or A/B AND
listed in the IMDG Code

QOil

MARPOL

Annex |

© ITOPF

Figure 1: Definition of HNS according to HNS Convention and OPRC HNS Protocol

The HNS Convention on the other hand
includes oil and provides a detailed list
of HNS categories as defined by various
International Maritime Organization (IMO)
conventions and codes:

a) “any substances, materials and articles

carried on board a ship as cargo, refer-
red to in (i) to (vii) below:

2 - Marine HNS Response Manual

i. oils, carried in bulk, as defined in
regulation 1 of annex | to the International
Convention for the Prevention of Pollution
from Ships, 1973, as modified by the Proto-
col of 1978 relating thereto, as amended;

ii. noxious liquid substances, carried
in bulk, as defined in regulation 1.10 of
Annex Il to the International Convention
for the Prevention of Pollution from Ships,




1973, as modified by the Protocol of 1978
relating thereto, as amended, and those
substances and mixtures provisionally cate-
gorized as falling in pollution category X, Y
or Z in accordance with regulation 6.3 of
the said Annex Il;

iii. dangerous liquid substances car-
ried in bulk listed in chapter 17 of the Inter-
national Code for the Construction and
Equipment of Ships Carrying Dangerous
Chemicals in Bulk, as amended, and the
dangerous products for which the preli-
minary suitable conditions for the carriage
have been prescribed by the Administra-
tion and port administrations involved in
accordance with paragraph 1.1.6 of the
Code;

iv. dangerous, hazardous and harm-
ful substances, materials and articles in
packaged form covered by the Internatio-
nal Maritime Dangerous Goods Code, as
amended;

3 - Marine HNS Response Manual

v. liquefied gases as listed in chap-
ter 19 of the International Code for the
Construction and Equipment of Ships
Carrying Liquefied Gases in Bulk, as
amended, and the products for which pre-
liminary suitable conditions for the carriage
have been prescribed by the Administra-
tion and port administrations involved in
accordance with paragraph 1.1.6 of the
Code;

vi. liquid substances carried in bulk
with a flashpoint not exceeding 60°C (mea-
sured by a closed-cup test);

vii. solid bulk materials possessing
chemical hazards covered by the Interna-
tional Maritime Solid Bulk Cargoes Code,
as amended, to the extent that these subs-
tances are also subject to the provisions
of the International Maritime Dangerous
Goods Code in effect in 1996, when car-
ried in packaged form; and

b) residues from the previous carriage in
bulk of substances referred to in (a) (i)
to (iii) and (v) to (vii) above.”
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E IMO CONVENTIONS, PROTOCOLS

AND CODES

The International Maritime Organization
(IMO) is a specialised agency of the United
Nations and is the standard-setting autho-
rity for the safety, security and environmen-
tal performance of international shipping.
Its main role is to create a universally adop-
ted and effective regulatory framework
for the shipping industry. To achieve this
goal, IMO uses five important instruments:
Conventions, Protocols, Amendments,

MARPOL 73/78

SOLAS 74

2010 HNS Protocol

2000 OPRC HNS Protocol

IMDG Code
IBC Code

IGC Code

IMSBC Code

International Grain Code

Recommendations (includes Codes and
Guidelines) and Resolutions. IMO adopts
these instruments and the national govern-
ments of the current 174 Member States
are responsible for implementing them. So
far IMO has adopted more than 50 interna-
tional conventions and agreements (IMO,
2021), as well as numerous protocols and
amendments.

Pollution Prevention

Safety at sea

Compensation & Liability

Contingency Pallning

Transport of dangerous, hazardous and harmful
substances, materials and articles in packaged form

Transport of dangerous chemicals
and noxious liquid substances

Transport of bulk gas

Transport of bulk solids

Transport of grain

© ITOPF

Figure 2: IMO conventions, protocols and codes relevant for the transport of HNS at sea

The two main IMO conventions concerning
the safety of merchant ships and the
prevention of pollution of the marine
environment by ships are: the International
Convention for the Safety of Life at
Sea (SOLAS 74) and the International
Convention for the Prevention of Pollution
from Ships (MARPOL 73/78) respectively.
SOLAS (IMO, 2020b) and MARPOL (IMO,
2017) refer to various IMO Codes, relevant

4 - Marine HNS Response Manual

for the carriage of HNS as per the HNS

Convention:

e |[MDG Code (International Maritime
Dangerous Goods Code);

e [BC Code (International Code for the
Construction and Equipment of Ships
carrying Dangerous Chemicals in
Bulk);

e |GC Code (International Gas Carrier
Code);
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e |MSBC Code (International Maritime
Solid Bulk Cargoes Code).

Conventions become mandatory for
Contracting Parties/Member States
once they are ratified and imple-
mented into national law. IMO Codes
(such as IMDG Code), on the other
hand, are often a recommendation.

In addition to conventions, the 2010 HNS
Protocol addresses the topic of liability
and compensation and the OPRC-HNS
Protocol focuses on contingency planning
and preparedness.

A protocol forms additional legisla-
tion which adds to or complements an
existing convention or treaty. Parties to
the original Convention may separa-
tely accede to its Protocol.

2.1 IMO conventions related to HNS transport

SOLAS 1974 specifies minimum stan-
dards for the construction, equipment
and operation of ships, compatible with
their safety. Chapter VII of the Convention
specifically addresses the carriage of dan-
gerous goods in packaged form, in solid
form in bulk, dangerous liquid chemicals
in bulk and liquefied gases in bulk.

MARPOL 73/78 is the main international
convention covering the prevention of pol-
lution of the marine environment by ships
from operational or accidental causes
and addresses regulations for the preven-
tion of pollution by oil (Annex I), noxious
liquid substances in bulk (Annex Il), harm-
ful substances carried by sea in packaged
form (Annex lll), sewage (Annex IV), garba-
ge (Annex V) and air pollution (Annex VI).

MARPOL Annex Il and the IBC Code divi-
de noxious liquid substances into four pol-
lution categories:

e Category X: substances which pre-
sent a major hazard to either marine
resources or human health, therefore,
the discharge into the marine environ-
ment is prohibited (e.g. phosphorus,
white or yellow);

5 - Marine HNS Response Manual

e Category Y: substances which present
a hazard to either marine resources or
human health or cause harm to ameni-
ties or other legitimate uses of the sea
and therefore justify a limitation on the
quality and quantity of the discharge
into the marine environment (e.g.
styrene);

e Category Z: substances which present
a minor hazard to marine resources
and/or human health and therefore
justify less stringent restrictions on the
quality and quantity of the discharge
into the marine environment (e.g. ace-
tone);

e Category OS: other substances, which
are not considered harmful and are not
subject to any requirements of MAR-
POL Annex Il (e.g. molasses).

MARPOL Annex Il sets out regulations
for the prevention of pollution by harmful
substances in packaged form and includes
general requirements for the issuing of
detailed standards on packing, marking,
labelling, documentation, stowage, quan-
tity limitations, exceptions and notifica-
tions for preventing pollution by harmful
substances.
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2.2 IMO protocols related to HNS transport

The Protocol on Preparedness, Response
and Co-operation to Pollution Incidents by
Hazardous and Noxious Substances (2000
OPRC-HNS Protocol) seeks to provide a
global framework for international co-ope-
ration and compel national preparedness
for combating major incidents or threats of
marine pollution from ships carrying HNS.
It follows the principles of the International
Convention on Oil Pollution Preparedness,
Response and Co-operation (OPRC 1990).

The International Convention on Liabi-
lity and Compensation for Damage in
Connection with the Carriage of Hazar-
dous and Noxious Substances by Sea
(1996 HNS Convention) was adopted in
1996. It aims to ensure compensation to
those who have been affected by damage
to persons and/or property. It is modelled
on the International Convention on Civil

I HNS Protocol 201 0 Il OPRC/HNS 2000

Liability for Oil Pollution Damage (CLC
Convention) and International Convention
on the Establishment of an International
Fund for Compensation for Qil Pollution
Damage (1992 Fund Convention) which
cover pollution damage from persistent oil
from tankers. However, by 2009, the 1996
HNS Convention had still not entered into
force (due to an insufficient number of
ratifications) therefore a protocol to the
HNS Convention (2010 HNS Protocol) was
developed and adopted. The 2010 HNS
Protocol was designed to address practi-
cal problems that had prevented a num-
ber of States from ratifying the original
Convention (IOPC Funds, 2019). The 2010
HNS Protocol is not yet in force, therefore
compensation following an HNS incident
remains subject to national regulations
(6.1.1 Legislation - Legal basis for com-
pensation).

HNS Protocol 2010 & OPRC/HNS 2000

Figure 3: Countries which have ratified the 2010 HNS Protocol and/or 2000 OPRC-HNS

n/A nventions/P: f-

Updated information can be found on www.im

Conventions.aspx

6 - Marine HNS Response Manual
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2.3 IMO codes related to HNS transport

There are various IMO codes addres-
sing the safe transport of HNS and grain,
all of which are explained in more detail
in the relevant sub-sections. All codes
are amended periodically. It is wor-
th noting that the IBC, IGC and IMSBC
Codes include provisions for non-hazar-
dous cargo, whereas the IMDG Code only
addresses HNS.

The International Code for the Safe Car-
riage of Grain in Bulk (International Grain
Code) covers specific transport conside-
rations for wheat, maize (corn), oats, rye,
barley, rice, pulses, seeds and processed
forms thereof. Since the Code’s content
does not address physical or environmen-
tal hazards associated with a spill of such
substances, it is not further elaborated.

Choosing the appropriate IMO code addressing

HNS transport requirements

Containerised Cargo

Bulk Carrier

Dangerous Chemicals and
substances, materials
and articles in

packaged form

noxious liquid
substances in bulk

Solid bulk
other than grain

© ITOPF

Liquified
gases in bulk

International
Grain Code

Figure 4: Overview of IMO codes

2.3.1 International Code of the Construction and Equipment

of Ships Carrying Liquefied Gases in Bulk (IGC Code)

Coral Leaf ethylene carrier in heavy seas
The IGC Code (International Code of the
Construction and Equipment of Ships
Carrying Liquefied Gases in Bulk) sets out
the international standards for the safe car-
riage of liquefied gases in bulk by sea. The
Code defines vessel design and construc-

7 - Marine HNS Response Manual

tion standards as well as equipment requi-
rements aiming to minimise the risk to
the ship, its crew and the environment
(IMO, 2016). Additional standards for ves-
sels operating with gas or low flash point
liquids such as fuel are provided in the
IGF Code (International Code of Safety for
Ships using Gases or other Low-flashpoint
Fuels).

The three types of gas cargoes to be dis-
tinguished are LNG (Liquefied Natural
Gas), LPG (Liquefied Petroleum Gas) cove-
ring butane and propane (or a mixture of
the two) and a variety of chemical gases
(such as ammonia).



INTRODUCTION

POST-SPILL HNS BEHAVIOURS
CASE STUDIES MANAGEMENT RESPONSE PREPAREDNESS AND HAZARDS

FACT SHEETS

Depending on the nature of the cargo,
it might be transported in LNG carriers,
fully refrigerated ships, ethylene carriers,
semi-pressurised ships or pressurised
ships. All vessels subject to the IGC Code
are assigned one of four types (1G, 2G,
2PG, 3G) based on the hazard potential of
the cargo they carry:

e Type 1G vessels are intended to
transport products which present the
greatest overall hazard (e.g. chlorine,
ethylene oxide),

e Types 2G/2PG are designed to carry
cargoes with a lesser degree of a
hazard (e.g. ammonia, propane)

Chmica/ tnker 7

Chemical tankers built after 1st July 1986
are required to comply with the IBC Code,
which sets out the international standards
for the safe carriage of dangerous che-
micals and noxious liquid substances,
in bulk by sea. The IBC Code prescribes
the design and construction standards
of ships involved in the transport of bulk
liquid chemicals and identifies the equip-
ment to be carried to minimise the risks to
the ship, its crew and to the environment,

with regard to the nature of the products
carried (IMO, 2016a).

8 - Marine HNS Response Manual

2.3.2 International Code for the Construction and Equipment
of Ships carrying Dangerous Chemicals in Bulk (IBC Code)

e Type 3G carry the least hazardous pro-
ducts (e.g. nitrogen, carbon dioxide).

Depending on the type of vessel, the pro-

duct can be carried in independent tanks:

e Type A (box-shaped or prismatic)

e Type B (spherical or prismatic)

e Type C (spherical or cylindrical),
membrane tanks, integral tanks or
semi-membrane tanks.

All liquefied gases considered in the Code
are listed in Chapter 19 of the IGC Code;
all product names followed by an asterisk
are also covered by the IBC Code.

The IBC Code (in concordance with MAR-
POL Annex ll) divides noxious liquid subs-
tances into four pollution categories.

In addition to these pollution categories,
the Code also indicates whether a subs-
tance is a safety (“S") and/or a pollution
("P") hazard with regard to fire, health,
reactivity and marine pollution hazards.

Chapter 17 of the IBC Code contains a list
of chemicals, organised by their product
name (column a), followed by the pollution
category (column c¢) and hazards (column
d), followed by columns addressing ship/
tank type and minimum equipment requi-
rements.
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a

Hydrochloric acid  Z

d e f
S/P 3 1G

Table 1: Example of hydrochloric acid entry as per IBC Code
(a) Product name: Hydrochloric Acid, (c) Pollution category: Z, substance which presents a minor hazard to marine
resources and/or human health for operational discharges but is considered (d) Hazard: Safety/Pollution, (f) Tank type:
1G, independent gravity tanks

(a) (c) (d) (e) (f)
Product name Pollution category Hazards Ship type Tank type
Hydrochloric acid z S/P 3 1G
Substance which pre- Safety/pollution Chemical tanker Independent
sents a minor hazard to hazard intended to transport gravity tanks
marine resources and/ products with sufficiently
or human health and severe environmental
therefore justifies less and safety hazards which
stringent restrictions on require a moderate
the quality and quantity degree of containment
of the discharge into the to increase survival
. . —— ©)
marine environment capability in a damaged s
condition ©

Table 2: Example of a partial IBC Code entry for Hydrochloric acid

The hazards of all noxious liquid subs-
tances transported in bulk (MARPOL
Annex Il) listed in the IBC Code are eva-
luated by the Joint Group of Experts on
the Scientific Aspects of Marine Environ-

(IMSBC Code)

Handysize La Briantais

The IMSBC Code (International Maritime
Solid Bulk Cargoes Code) addresses spe-
cial requirements for the safe stowage and
shipment of solid bulk cargoes by pro-

9 - Marine HNS Response Manual

2.3.3 International Maritime Solid Bulk Cargoes Code

mental Protection (GESAMP). GESAMP is
an advisory body, established in 1969, that
advises United Nations (UN) bodies on the
scientific aspects of marine environmental
protection > 2.1 GESAMP hazard profiles

viding information on the hazards asso-

ciated with their carriage (IMO, 2020c).

The IMSBC Code categorises cargoes into

three groups:

® Group A: cargoes that may liquefy (e.g.
fish, coal slurry);

e Group B: cargoes possessing chemical
hazards (according to either the IMDG
Code's hazard criteria (e.g. magnesium
nitrate) or the IMSBC Code’s “materials
hazardous only in bulk” (MHB) criteria
(e.g. lime);

* Group C: cargoes that are neither
liable to liquefy nor possess chemical
hazards (e.g. iron ore, pebbles).
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Appendix 1 of the IMSBC Code lists the
physical properties of each substance to

ment and shipping requirements as well as
emergency procedures.

which the Code applies, its hazards, equip-

Magnesium Nitrate UN 1474

Description
White crystals, soluble in water. Hygroscopic.
Characteristics
Physical properties
Size Angle of repose Bulk density (kg/m®) Stowage factor (m?3/t)

Not applicable

Not applicable

Hazard classification

Class Subsidiary hazard(s) MHB Group

5.1 Not applicable B

Emergency Procedures

Special emergency
equipment to be
carried

Emergency
procedures

Protective clothing Wear protective
(gloves, boots, cove- clothing and self-
ralls and headgear). contained breathing
Self-contained brea- apparatus

thing apparatus.

Spray nozzles.

Emergency action in the event of fire Medical first aid

Use copious quantity of water, which is best Refer to the Medi-
applied in the form of a spray to avoid distur- cal First Aid Guide
bing the surface of the material. The material (MFAG), as amended.
may fuse or melt, in which condition application

of water may result in extensive scattering of

the molten materials. Exclusion of the aire or

use of CO, will not control the fire. Due consi-

deration should be given to the effect on the

stability of the ship due to the accumulated

water.

Figure 5: IMSBC Code entry example - magnesium nitrate UN 1474

(IMDG Code)

Container ship/RoRo vessel
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2.3.4 International Maritime Dangerous Goods Code

The IMDG Code (International Maritime
Dangerous Goods Code) sets provisions
for the safe transport of dangerous, hazar-
dous and harmful substances, materials
and articles in packaged form by sea
(IMO, 2020a). IMDG Code is based on the
UN Recommendations on the Transport
of Dangerous Goods, also known as the
UN Model Regulations (» 3.2 GHS vs UN
TDG), which provides a framework of rules
for the safe carriage of dangerous goods
by all modes of transport (air, road, rail and
sea).
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The term “dangerous goods” in this context means the substances, materials and
articles covered by the IMDG Code. Dangerous substances have an immediate phy-
sical or chemical effect, whereas hazardous substances pose a risk to human health.
Harmful substances are those identified as a marine pollutant in the IMDG Code.

At sea, packaged goods are usually trans-
ported in “cargo transport units” (CTU)
such as freight containers on board contai-
ner ships or car carriers. There are multi-
ple types of intermodal containers such
as dry storage, tank containers, flat racks
and temperature-controlled containers,
of which the most common standard sizes
are 20 ft and 40 ft (which differ in volume
but not in maximum gross weight). One
20-foot container equals one TEU (twenty-
foot equivalent unit).

20’ (20-foot)

Max gross g‘z’?(hzt'é .
weight
30,480 kg
Length - 20 ft (6.1 m) 8 1ctV\(/;d;h )
A m
I
40’ (40-foot)
Max gross Height
Volume weiaht 8'6" (2.6 m)
67.7 m? g
30,400 kg o
L
. ©
Length - 40 ft (12 m) g &V\(lédih )
A8 m

Figure é: Dimensions of the two most
common intermodal dry freight container sizes

Inside a container, packaged goods are
carried in inner packaging (such as drums,
boxes, bags) which is most common-
ly fixed onto wooden pallets. The IMDG
Code specifies which inner packaging and
which CTU is suitable for which HNS.

11 - Marine HNS Response Manual

The IMDG Code comprises two volumes
and a supplement, which are published
bi-annually:

e Volume 1 addresses general provi-
sions/definitions/training, classifica-
tion, packing and tank provisions,
consignment procedures, testing
requirements for receptacles and
transport operations requirements.

e Volume 2 covers the Dangerous
Goods List (DGL), special provisions
and exceptions where substances are
listed by their assigned UN number
and proper shipping name.

e The supplement contains Emergen-
cy Response Procedures for Ships
Carrying Dangerous Goods (EmS
Guide) and the Medical First Aid
Guide for Use in Accidents Involving
Dangerous Goods (MFAG), which is
the supplement to the International
Medical Guide for Ships published
by the World Health Organization
(WHO). The information contained in
the EmS Guide and MFAG is primarily
for shipboard use but may be of use to
shore-based personnel when respon-
ding to an incident involving a contai-
ner within a terminal.

All goods listed in the IMDG Code are allo-
cated one of nine “classes” (excluding sub-
divisions), according to the main danger
they present. More detail in Chapter 3.
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CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5
Oxidising agents Poisons

Explosives Gases Flammable Flammable
liquids solids

¢
¢

+ @

SH6H60

CLASS 6 CLASS 7 CLASS 8 CLASS 9
Radioactive Corrosives
material

Miscellaneous

Marine Pollutant

/
w
FISSILE :

7

Figure 7: IMDG Code classes’ pictograms

S

SOLUTION)

PERFUMERY PRODUCTYS)

LIQUID, N.O.9S).

The UN number is a four-digit number which identifies and groups all dangerous,
hazardous and harmful substances, materials and articles according to their hazard
profile and composition with regard to their international transport. There are four
different types of UN Number entries:

¢ Single entries for well-defined substances or articles (e.g. UN 1194 ETHYL NITRITE
® Generic entries for well-defined groups of substances or articles (e.g. UN 1130

¢ Specific entries not otherwise specified (N.O.S.) (e.g. UN 1987 ALCOHOLS, N.O.S)
e Generic entries not otherwise specified (N.O.S.) (e.g. UN 1993 FLAMMABLE

A chemical in its solid state may receive a
different UN number to the liquid phase
if their hazardous properties differ signifi-
cantly. Similarly, substances with different
levels of purity (or concentration in solu-
tion) may also receive different UN num-
bers.

UN numbers are different from CAS
Registry Numbers, which are assigned
to each chemical compound uniquely,
indifferently of its physical state, by the
Chemical Abstract Service (CAS). As of
2020, there were 159,000,000 unique che-
mical substances indexed by CAS.
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Example:
UN 1823 Sodium hydroxide, solid
UN 1824 Sodium hydroxide solution
BUT CAS Sodium Hydroxide: 1310-73-2

For each UN Number, there are coded
instructions on packaging, labelling, mar-
king, stowage and segregation based on
the substance’s hazard classification, inclu-
ding one of three packing groups in accor-
dance with the degree of danger they pre-
sent:

e Packing Group I: high danger

* Packing Group Il: medium danger

e Packing Group Ill: low danger
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UN Proper shipping Class or | Subsidiary Packing = Special Limited and excepted Packin IBC
No. name (PSN) division | hazard(s) = group  provisions quatity provisions 9
Wi B petucs Provisions | Instructions = Provisions
™ (2) (3) (4) (5) (6) quantities | quantities tions ©) (10 1)
312 2.0 2.0 2.0:1:3 3.3 (7a) (7b) (8) 41.4 4.1.4 414
3.4 35 4.1.4 s | o i
1001 | Acetylene, dissolved 2.1 0 EO P200
1002 | Air, compressed 212 120 mL El P200
1003 lA'r' Iefioersted 2.2 5.1 0 =) P203
iquid
1005 | Ammonia, anhydrous 233 8 23 0 EO P200
P 379
Portable tanks and SHEELL UN
2 EmS and Segregation Properties and observations
bulk containers e No.
handling
Lok |rE:t:;;1dlons Provisions  (15) (16a) (16b)
(12) 425 (14) 5.4.3.2 71 7.2.7.7 (17) (18)
e 4.2.5 7.8 7.3-7.7 o
43
‘ Flammable gas with slight odour. Explosive limits: 2.1% to 80%. Ligh-
Category D ter than air (0.907). Rough handling and exposure to local heating
F-D,S-U SW1 SG46 should be avoided, since these conditions may result in delayed ax- | 1001
SwW2 plosion. Empty cylinders should be carried with the same precautions
as filled cylinders.
F-C,S-V | Category A Non-flammable gas. 1002
Cat D Liquefied, non-flammable gas. Strong oxidizing agent. Mixtures of
T75 2.2 F-C Sw | ~atesory liquid air with combustible materials or oils may explode. May ignite | 1003
organic materials.
F-C,S-U | Category D SGG18 Liquefied, non-flammable, toxic and corrosive gas with a pungent | 1005
T50 SW2 SG35 odour. Lighter than air (0.6). Suffocating in low concentrations. Even
SG46 though this substance has a flammability hazard, it only exhibits such
hazard under extreme fire conditions in confined areas. Reacts violent-
ly with acids. Highly irritating to skin, eyes and mucous membranes.

Figure 8: IMDG Code page entry example

The Dangerous Goods List (DGL) speci-
fies which substances when transported
in small quantities may be carried as
Limited or Excepted Quantities, which are
exempt from some of the transport regu-
lations (since small quantities are consi-
dered safer to carry). A Limited Quantity
is defined as “the maximum quantity per
inner packaging or article for transporting
dangerous goods as limited quantities”. An
Excepted Quantity is defined as “the maxi-
mum quantity per inner and outer packa-
ging for transporting dangerous goods as
excepted quantities”.

13 - Marine HNS Response Manual

In addition, the IMDG Code specifies that
packaged dangerous goods must be
accompanied by the appropriate transport
documents or a signed declaration (Multi-
modal Dangerous Goods Form, Figure 8)
stating that the consignment is properly
packaged, marked, labelled and in pro-
per condition for carriage. The document
must contain information relating to trans-
port (sender/receiver, vessel name, etc.)
but also details about the article itself such
as UN Number, Proper Shipping Name,
Hazard Class, Packing Group (where
assigned) and if the article is a marine pol-
lutant (Chapter 3.2.6.1 Hazardous to the
environment (ecotoxicity)).




1. Shipper/Consignor/Sender

2. Transport document number

3. Page 1of pages 4. Shipper’s reference

5. Freight fowarder’s reference

6. Consignee

7. Carrier (to be completed by the carrier)

SHIPPER'S DECLARATION

| hereby declare that the contents of this consignement are fully and
accurately described below by the proper shipping name, and are classi-
fied, packaged, marked and labelled/placarded and are in all respects in
proper condition for transport according to the applicable international
and national governmental regulations.

8. This shipment is within the limitations prescribed for:
(Delete non-applicable)

PASSENGER AND CARGO

AIRCRAFT CARGO AIRCRAFT ONLY

10.Vessel/flight No. and date 11. Port/Place of loading

12. Port/place of discharge 13. Destination

9 Additional handling information

14. Shipping marks

Number and kind of packages; description of goods

Gross mass (kg) Net mass (kg) Cube (m?)

15. Container identification No./ | 16. Seal number(s)

vehicle registration No.

17. Container/vehicle size
and type

18. Tare mass (kg) 19. Total gross mass
(including tare)

(kg)

CONTAINER/VEHICLE PACKING CERTIFICATE

| hereby declare that the goods described above have been
packed/loaded into the container/vehicle identified above in
accordance with the applicable provisions.

MUST BE COMPLETED AND SIGNED FOR ALL
CONTAINER/VEHICLE LOADS BY PERSON

RESPONSIBLE FOR PACKING/LOADING

21. RECEIVING ORGANISATION RECEIPT

Received the above number of packages/containers/trailers in apparent
good order and condition, unless stated hereon:

RECEIVING ORGANISATION REMARKS:

20. Name of company

Haulier's name 22. Name of company
(OF SHIPPER
PREPARING THIS

NOTE)

Name/status of declarant

Name/status
of declarant

Vehicle registration no.

Place and date

Signature and date Place and date

Signature of declarant

DRIVER'S SIGNATURE Signature of

declarant

Figure 9: Multimodal Dangerous Goods Form, as given in the IMDG Code. The layout of the form is non-binding,

but the content is mandatory (IMDG code, Vol. 1 Chapter: Consignment procedures)

14 - Marine HNS Response Manual




IMO CONVENTIONS
PROTOCOLS AND CODES NTRODUCTION

AND HAZARDS

(%]
&
>
o
S
<
T
w
o
(2]
Z
T

RESPONSE PREPAREDNESS

POST-SPILL
CASE STUDIES MANAGEMENT

FACT SHEETS

n HNS HAZARD AND BEHAVIOUR

CLASSIFICATIONS

During a marine incident involving HNS, it
is crucial to obtain information about the
spilled substance’s chemical and physical
properties, associated hazards and likely
behaviour when spilled at sea. This infor-
mation is key in the development of a res-
ponse strategy.

Response driven by Hazard

Decisions on the first actions to be taken
are often driven by the potential hazards
associated with HNS, such as explosion,
flammability, oxidation, corrosivity, reac-
tivity, toxicity and ecotoxicity. However,
depending on the timespan of the hazards,
the longer term response strategy will tend
to be driven by the chemical’s behaviour
(as described by the Standard European
Behaviour Classification (SEBC)).

Response driven by Fate/Behaviour

ya N\ &
N 7 N\

e Explosivity

e Reactivity

Hazard

e Polymerisation

Oxidation

—— ToXicity

A\ 4

e Flammability

oEEEsEEEEEEEEsssssesssessssmmmm»  Corrosion

©ITOPF

Figure 10: How first response actions driven initially by hazards and later by fate
and behaviour change over time

For operational advice related to hazards and fate/behaviour, see Chapter 5.
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3.1 Physical fate and behaviour of HNS when spilled

at sea

The Standard European Behaviour Clas-
sification (SEBC) determines the theoreti-
cal behaviour of a substance according to
its physical and chemical properties, and
classifies it into one of the five main cate-
gories gases (G), evaporators (E), floaters
(F), dissolvers (D), sinkers (S). However,
substances might show not only one but
several behavioural phases throughout a
spill - depending on the characteristics
of the product(s) and its/their exposure
to environmental processes; this explains
why seven further sub-categories were
developed (Figure 11).

The four physical/chemical properties rele-
vant to predict a substance’s behaviour are
solubility, density, vapour pressure, and
viscosity. These are usually documented
for a standard temperature, typically 20°C,
which is generally used in the > 3.1 Safety
data sheet content. However, the atmos-
pheric temperature will affect the values
of these properties and adjustments may
need to be applied.

The Safety Data Sheet (SDS) is a docu-
ment which provides information on
chemical products that helps users in
their situation assessment. It is manda-
tory for all chemical suppliers to issue
SDS and they should be made avai-
lable online. The document includes
information about a chemical’s proper-
ties and hazards, and provides infor-
mation on handling, storage and emer-
gency measures in case of accident.

e Solubility (S) is the ability of a given
substance (the solute) to dissolve into

16 - Marine HNS Response Manual

a liquid (the solvent); it is usually mea-
sured in mg/L (or ppm) or in percen-
tage (where 1% is 1 g of solute in
100 mL of solvent). Therefore, a solu-
bility of 500 mg/L equals 0.05%. If not
specified, water is considered to be the
solvent.

A substance is soluble if S > 5%

The relative density (d) (or specific
mass) of a substance is defined as its
mass per unit volume - or its “com-
pactness”. It is often measured in
g/cm? or kg/m? and is used to deter-
mine whether the substance is heavier
or lighter than a reference (air or water

typically).

Aliquid floats ifitsd <d__ .,
(1,025 kg/m?® at 20°C)

Vapour pressure (Vp) is an indicator
describing the tendency of a liquid to
change into the gaseous state. Vapour
pressure is measured in Pascal (Pa) and
the standard atmospheric pressure is
101.3 kPa.

A substance is an evaporator
ifits Vp > 3 kPa

Viscosity is the measure of a liquid's
resistance to flow measured in cSt
centistokes (mm?/s). Viscosity varies
with temperature, and in most cases
an increase in temperature will lead
to a decrease in a substance’s vis-
cosity and an increase in the subs-
tance’s tendency to spread.

A substance will form persistent slicks
if v> 10 cSt at 20°C with a density
d<d ,Vp <0.3kPa, $<0.1%

seawater

(for liquids) or S <10% (for solids)
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Itis important to note, the SEBC does not take viscosity into consideration.

GAS (Vapour pressure >101.3kPa at 20°C)

SINKING LIQUIDS (density > seawater)

G GD
Solubility 10%

FLOATING LIQUIDS (density < seawater)

Vapour pressure
~
DE
10 kPCl T E ED
3 kPa +
FE FED D
0.3 kPa +
For Fp
if v>10 cSt FD J
Jo, H o, 7
Solubility 0.1% 1% 5%

D or DE
S sD if Vg:l-OkPa
Solubility 0.1% 5%
FLOATING SOLIDS (density < seawater)
ForF
if v>lOpCSf FD D
Solubility 10% 100%
SINKING SOLIDS (density > seawater)
S SD D
Solubility 10% 100%
PACKAGE
PF PI PS
Weight / volume ratio dsw+0.01

Figure 11: Using solubility, vapour pressure and density to determine a substance's behaviour in seawater

Classifications are based on laboratory experiments conducted in a controlled

environment. Therefore, a substance’s behaviour observed during an incident may
differ significantly from the predictions.

If a substance is carried in packaged form,
the weight weight/volume (w/v) ratio of the
unit will give an indication as to whether
a package will float, immerse or sink.
The formula given below is provided for
information purposes only, as it does not
take into consideration whether a package
is airtight.

17 - Marine HNS Response Manual

Ifw/v>d + 0.01,

Sseawater

the package will sink
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3.2 Hazards

A substance’s chemical and physical pro-
perties not only determine its behaviour
but also its hazard(s). In general terms, a
hazard is defined as something that can
cause harm to people and the environ-
ment whereas a risk is the probability to
be harmed if exposed to the hazard. Flam-
mability, explosivity and toxicity are some
of the hazards that are crucial to assess in
order to understand the potential effects
and risks of an HNS spill on human health,
the environment, and other resources.

There are two main guidance documents
governing and harmonising all communi-
cation on substances’ hazards:

1. The "UN Orange Book” or “UN Recom-
mendations on the Transport of Dan-
gerous Goods - Model Regulations”
(UNECE, 2015), which forms the basis
for most transport regulations such as
the IMDG Code and IATA.

2. The “UN Purple Book” or “Globally Har-
monized System of Classification and
Labelling of Chemicals (GHS)" (UNECE
2019), which defines physical, health
and environmental hazards of chemi-
cals, harmonises classification criteria
and standardises the content and for-
mat of chemical labels and Safety Data
Sheets.

The key differences between the two are
explained in » 3.2 GHS vs UN TDG. As per
the UN Model Regulations, there are nine
hazard classes (Chapter 2). The following
sub-chapters introduce the concepts
behind the hazards: explosivity, flamma-
bility, oxidation, corrosion, toxicity, eco-
toxicity and reactivity, and link them to the
corresponding UN Hazard Class. Infectious
Substances (Class 6.2) and Radioactive
Materials (Class 7) are outside of the scope
of this manual and will not be addressed
further.

Dangerous substances have an immediate physical or chemical effect, whe-

reas hazardous substances pose a risk to human health. Harmful/environ-
mentally hazardous substances are harmful to the aquatic environment.

3.2.1 Hazard: explosivity

An explosion is a reaction that produces
gas at a greatly accelerated rate, in a
brief period of time. The explosion can
be a detonation (due to rapid decom-
position and high pressure, such as TNT)
or deflagration (due to fast burning and
low pressure, such as black and smoke-

18 - Marine HNS Response Manual

less powders). In a confined environment,
deflagration explosives build up pressure,
which can lead to detonation. The energy
produced during the release is dissipated
in the form of a shockwave that can cause
significant damage.
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An explosive substance is “a solid or liquid substance (or a mixture of substances)
which is in itself capable by chemical reaction of producing gas at such a tempe-
rature and pressure and at such a speed as to cause damage to the surroundings.”

UN Class 1: Explosives includes six subcategories:
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Mass Explosion Hazard
(e.g. Octonal)

&

Minor Explosion Hazard

d

Projection Hazard
(e.g. Rockets)

®

Very Insensitive with Mass

o

Fire Hazard and Minor
Blast and/or Minor
Projection Hazard

&

Extremely Insensitive;

(9]
bl (e.g. Pyrotechnics) Explosion Hazard No Mass Explosion
8 Hazard
L
<
i Boiling liquid expanding vapour Code- which can temporarily reduce the
- explosions overpressure in the tank (b). If the liquid's
In the field of maritime emergency res- temperature exceeds its boiling point
ponse, it is important to understand the and the pressure relief valve's capacity is
§ concept of a Boiling Liquid Expanding exceeded, the tank might no longer be
O Vapour Explosion (BLEVE) especially in able to contain the pressure (c). This leads
w cases involving liquefied gas tankers. to a mechanical failure, causing an explo-
sion (d). A BLEVE does not systematically
As see in Figure 12, when a tank contai- involve a fire, however if the substance is
_ ning pressurised liquid on board a ship flammable, it is likely to ignite and poten-
4 é is heated, the pressure inside the tank tially form a “fireball” or vapour cloud
‘,ELL’ 5 increases (a). This activates a pressure explosion.
82 relief valve -a requirement of the IGC
<
p
apour =
@ v— i - vapour P~
a
D
}_
w
& £
< @
O (a) (b) © o

FACT SHEETS

Figure 12: Boiling Liquid Expanding Vapour Explosion (BLEVE) sequence
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3.2.2 Hazard: flammability

UN Model Regulations

kPa at 20°C (e.g. propane)

60°C (e.g. diesel/gasoline)

e UN Class 2.1: Flammable gases at a standard pressure of 101.3

e UN Class 3: Flammable liquids with a flash point of not more than

* UN Class 4.1: Flammable solids, which are readily combustible or
may cause or contribute to fire through friction (e.g. magnesium)

The flammability of a substance is defined
as the ease with which a combustible subs-
tance can be ignited, causing fire or explo-
sion. For a fire to ignite, three components
are necessary: an combustion source, an
ignition source and a flammable source.
This is often called the fire triangle or com-
bustion triangle to illustrate that a fire can
be fought or prevented by removing one
of the three components.

Combustion source Ignition source

oxygen heat
hydroxide metal electricity
peroxide sparks

flames

LN
Flammable source
gasoline
wood
propane

Figure 13: Combustion triangle
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The defining properties of flammability
are the flash point, the auto-ignition tem-
perature and the lower/upper flammable/
explosive limits:

e The flash point is the lowest tempera-
ture at which the vapours of a material
can ignite when exposed to an ignition
source.

The lower the flash point temperature,

the easier it is to ignite a material.
E.g. benzene: -11.1°C (in closed capsule)

e The auto-ignition temperature is
the lowest temperature at which the
vapours of a material can self-ignite
(without an ignition source).

The lower the auto-ignition temperature,
the easier it is for the material

to self-ignite.

E.g. benzene: 538°C
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* The lower flammable/explosive limit If a flammable substance is released
(LFL/LEL) and upper flammable/explo- during an incident, its concentration in
sive limit (UFL/UEL) mark the range the air may vary - the atmosphere can
within which a concentration of com- change from a highly concentrated
bustible material and oxygen in the air non-flammable mixture, too rich to burn,
can burn (flammable range). to flammable (combustible substance/

air mixture) when it drops below the UEL.
The atmosphere will change from flam-
mable to non-flammable (substance/air

w)
L
w O
z O
O O
E QO
g 2
Z4
S0
O
=0
oz
o

mixture too lean to burn) when it drops

g below the LEL.
x un
2 Q0
O x
S < LEL UEL
< N
T g | |
oA | |
-
Z< ! !
e I I
S 8% [
n £
0 5 l
a 5
. i
= c 12% I
i g
= 3 Flammable/
explosive
range W
o
=
w ©)
% Vapour mixture concentration
o
H{Uj Figure 14: Flammable range of benzene. Benzene: 1.2 % or 12,000 ppm LFL/LEL
and 8% or 80,000 ppm UFL/UEL [% in air]
. 3.2.3 Hazard: oxidation
4 &
T >
wv w
- QO .
§ :ZKE UN Model Regulations
= e UN Class 5.1: Oxidising substances includes “substances which, 6
while not necessarily combustible, may, generally by yielding oxy-
» gen, cause, or contribute to, the combustion of other material” 5.1
B (e.g. hydrogen peroxide)
D
'u_uj * UN Class 5.2: Organic peroxides “are thermally unstable subs-
2 tances, which may undergo exothermic self-accelerating decom-
position”. In addition they may be liable to explosion or fire and
react with other substances” (e.g. benzoyl peroxides)

FACT SHEETS
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Oxidising materials have the ability to
decompose and release oxygen or an
oxidising substance. In case of fire, they
can cause the fire to expand by providing

3.2.4 Hazard: corrosion

oxygen. Oxidising materials may also
cause a combustible material to ignite
without the presence of an ignition source.

UN Model Regulations

goods or the means of transport”.

UN Class 8 Corrosive substances (liquids and solids) are substances
which, "by chemical action, will cause irreversible damage to the skin, «
or, in case of leakage, will materially damage, or even destroy, other

A corrosive material is defined as a highly
reactive substance that causes damage to
or destroys another material by chemical
reaction. The deterioration process might
be almost instantaneous (e.g. hydrochloric
acid on skin) or slow progressing (e.g. rus-
ting metal through oxidation). Corrosive
substances can cause death or severe tis-
sue damage to living organisms. A corro-
sive substance might be called an irritant
at low concentrations.

An indicator of corrosiveness is a subs-
tance’s pH, which specifies how acidic
or basic a solution is. Pure water has a
neutral pH of 7 and is neither acidic nor
basic, whereas the pH of seawater varies
between 7.5 and 8.4. In the absence of
additional information, a substance with a
pH <2 or > 11.5 is classified as skin corro-
sive by GHS.

Corrosive substances and human health

e Corrosive liquids (such as sulphuric acid) present a severe hazard to the

respiratory tract.

eyes and skin by direct contact;
e Corrosive gases (such as ammonia) are hazardous to all body parts, but
certain areas such as the respiratory tract might be particularly sensitive;
e Corrosive solids (such as sodium hydroxide pellets) can cause severe
burns to the skin. Inhalation of corrosive solid dust might also impact the

22 - Marine HNS Response Manual
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® UN Class 4.1: Flammable solids/self-reactive substances are rea-
dily combustible substances or may cause or contribute to fire
through friction; “thermally unstable substances liable to undergo
a strongly exothermic decomposition even without participation
of oxygen” (e.g. matches)

IMO CONVENTIONS
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® UN Class 4.2: Spontaneously combustible solids are either pyro-
phoric substances “which even in small quantities ignite within five
minutes of coming in contact with air” or self-heating substances
which in contact with air are liable to self-heating (e.g. white phos-
phorus)
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e UN Class 4.3: Dangerous when wet includes substances “which,
by interaction with water, are liable to become spontaneously

% flammable or to give off flammable gases” (e.g. sodium)
Z
0
o In addition to a substance’s individual fate, predict, which increases the difficulties
L behaviour and hazards, responders need associated with any response operations.
- to consider its reactivity with water, air,
other products, and/or itself (e.g. polyme- P 5.6 Response considerations:
rization) potentially producing heat, and or Flammable and explosive substances
”Zqu flammable/explosive gases. » 5.7 Response considerations: Toxic
O substances
i Reactive substances can be gaseous, liquid » 5.8 Response considerations:
or solid. They do not belong to a homoge- Corrosive substances
neous chemical group and show very diffe- » 5.9 Response considerations:
_ rent properties and behaviour. The hazard Reactive substances
= é classification for these substances is the-
52 i refore associated with the type of reaction Examples of self-reacting substances
8= and the related by-products. Monomers (e.g. vinyl acetate, styrene) can
s self-react (polymerisation) violently, hence
Substances reacting with themselves, each  they are usually transported with either:
other or the environment often release ¢ an inhibitor (such as quinones) which
2] . .
o heat (exothermic reaction) or produce almost completely suppresses the
&) . . L . o
= flammable gases or explosive, corrosive or polymerisation reaction. The inhibitor has
i toxic materials, with serious consequences to be completely consumed before the
wn
. for human health and the environment. polymerisation reaction can continue;

FACT SHEETS

During an incident involving multiple
HNS (such as container ship incidents),
substance reactivity and the related risk
of explosion/fire are often challenging to
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e aretarder, which reduces the rate of
polymerisation, hence the rate of reac-
tion steadily increases as the retarder is
consumed.
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Without an inhibitor or retarder (or incor-
rect concentrations of them) the cargo
might self-react, triggering the polyme-
risation process, which causes heat and
expansion of the cargo, following which
the structural integrity of a cargo tank
could be impacted.

Examples of substances reacting
with water

Calcium carbide is a solid which sinks,
reacting with water and forming acetyle-
ne, a highly flammable and explosive
gas. Lithium, sodium and potassium are
very reactive metals which float and react
violently with water, forming flammable
hydrogen gas mixtures with air. The heat
of the reaction often causes the hydrogen
to ignite and explode.

Mixed substance reactivity
Substances can react violently with each
other when spilled. Avoiding such subs-
tance reactions during transport is one of
the key components addressed in the IMO
codes listed in Chapter 2, which include
elaborate storage and segregation plans
for bulk cargo as well as for packaged
goods. However, in case of an HNS inci-
dent, substances might mix. Predicting the
behaviour of multiple substances and their
interactions during an incident is extre-
mely challenging.

Some response software or compatibi-
lity charts include predictions on reac-
tivity. However, it is crucial to be aware
that these rarely consider individual subs-
tances. Instead, they usually consider
substance groups (e.g. alcohol, ketones,
etc.) at concentrations encountered in air/
water and/or packaging.

3.2.6 Hazard for the Environment and Human Health

3.2.6.1 Hazardous to the environment (ecotoxicity)

Marine pollutants

Profile.

The phrases “Harmful substances carried by sea in packaged form” (MARPOL Annex
), “Marine Pollutant” (IMDG Code) and “Environmentally hazardous substance
(aquatic environment)” (GHS) can be used interchangeably and are based on the
same GHS, UN Model Regulations and GESAMP criteria » 2.1 GESAMP Hazard

Marine pollutants are goods with properties that are adverse to the
marine environment (e.g. hazardous to aquatic life (marine flora and %
fauna), tainting seafood, or accumulating in aquatic organisms).

Toxicity is defined as the degree to which
a substance can harm a cell, an organ, or
a whole organism. Toxicological data are
usually expressed as dose descriptors,
which identify the relationship between

24 - Marine HNS Response Manual

a specific effect of a chemical and the
dose at which it takes place. These dose
descriptors, usually expressed in mg/L or
ppm, can therefore be used to describe
the no-effect threshold for human health
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or the environment. They are derived from

toxicological and ecotoxicological studies

to assess a substance hazard profile and
usually consist in:

* No Observed Effect Concentration
(NOEC): concentration below which
an unacceptable effect is unlikely to be
observed;

* Lowest Observed Effect Concentration
(LOEC): lowest tested concentration at
which no effects were observed;

e Median Effective Concentration (EC,,):
concentration of a substance expected
to produce a certain effect in 50% of
test organisms. Usually expressed in
mg/L or ppm;

* Median Lethal Concentration (LC,):
concentration of a substance at which
50% of the test species are expected
to die. Usually expressed in mg/L or

When assessing a substance’s toxicity,
short-term as well as long term effects
need to be considered, therefore a diffe-
rentiation is made between acute and
chronic toxicity.

Short-term effect

Short-term skin irritation due to acute
contact with a diluted solution of caustic

Acute exposure

Acute toxicity describes the adverse
effects of a substance on a specific test
species resulting from a single exposure
or from multiple exposures during a short
period of time (usually less than 24 hours).
Itis measured in EC, and LC, .

The higher the LC,, or EC,  of a given chemical,
the lower the acute toxicity.

Chronic toxicity describes the adverse
effects of a substance occurring as a result
of repeated daily dosing with, or exposure
to, a substance for a long period of time
(up to the lifespan of the test species). It is
usually expressed as NOEC or LOEC - all
within a given exposure time.

The higher the LC, or EC, of a chemical of

concern, the lower is the acute toxicity.

Both acute and chronic toxicity can have short
and long-term consequences (Table 3).

Long-term effect

Persistent respiratory issues due to short
term exposure to a high concentration of
chlorine gas

Cancer linked to chronic vinyl chloride

soda
. Short-term skin irritation due to chronic
Chronic
exposure to a substance such as use of
exposure

acetone in a lab and dermatitis

exposure

Table 3: Short and long-term exposure and effects - examples

Whilst toxicity focuses on individual orga-
nisms or even individual cells, ecotoxi-
city combines ecology and toxicity and
addresses the potential for a substance to
affect a specific community of organisms
or an entire ecosystem.
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There are several parameters which deter-
mine whether a substance is considered
hazardous to the aquatic environment:

e acute and chronic aquatic toxicity;

e potential for bioaccumulation;

® persistence;

e degradability (biotic or abiotic).



INTRODUCTION

IMO CONVENTIONS
PROTOCOLS AND CODES

AND HAZARDS

(%]
e
>
o
E
T
w
@
[%2)
Z
T

POST-SPILL
CASE STUDIES MANAGEMENT RESPONSE PREPAREDNESS

FACT SHEETS

26 -

Bioaccumulation is the increase
of contaminant concentrations in
organisms following uptake from
the environmental medium. The
bioaccumulation potential of a
substance depends on its affinity
for water - the lower the affinity,
the higher the bioaccumulation
potential. In Safety Data Sheets,the
bioaccumulation potential is often
given in the form of a Log Kow
value, also named Log Pow, which
represents the octanol/water partition
coefficient. The Log Kow value ranges
between -3 and 7 and, as a general
rule, substances with Log Kow values
>4.5 are likely to bioaccumulate. For
organic chemicals with Log Pow values
of =24, a measured Bioconcentration
factor (BCF) is required to provide
definitive information on the potential
of a substance to bioaccumulate
under steady state conditions. The
bioconcentration factor is defined
as the ratio (on a wet weight
basis, normaliszed to a 5% fish fat
content) between the concentration
of the chemical in biota and the
concentration in the surrounding
water, at steady state (GESAMP, 2020).

Degradability refers to the potential
for a substance to degrade in the
environment through chemical,
physical or biological processes (e.g.
oxidation, hydrolysis, biodegradation).
Degradability data is sparse, especially
for marine environments, hence,
it is not always included in SDSs.
Degradability data can be given as
degradation half-lifes, which refers
to the time it takes for an amount of
a substance to be reduced by half
through degradation. A substance
with an extended degradation half-
life is considered persistent. An
organic substance is considered
“readily biodegradable” if it passes the
corresponding laboratory test, which
indicates that the chemical is expected
to undergo rapid and ultimate
biodegradation in the environment.
Persistence refers to the resistance of
a chemical to degradation; as such,
persistence cannot be measured
directly, and only the continued
measurable presence of a certain
chemical in the environment, or the
systematic resistance to degradation
under laboratory conditions can
suggest its persistence.

an HNS incident, it might be necessary to complement existing data by additional
sampling/monitoring to assist the hazard assessment and guide the response.

There might also be a discrepancy between published/lab-based ecotoxicity
data and information collected/observations made in-situ. This might be due to
a) different species being tested or b) the effects of dilution encountered in the
open sea, which is an important factor when considering detrimental effects.
Careful consideration must be given to the applicability and transferability of lab-

based studies to real-life incidents.

Whilst toxicity data relevant for human health and safety are relatively easy
to access, ecotoxicological data focusing on aquatic species might be more
difficult to obtain and interpret (» 5.3 Information resources). In the case of

Marine HNS Response Manual
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3.2.6.2 Hazardous for human health

UN Model Regulations

inhaled or by skin contact”.

e UN Class 2.3: Toxic gases are either known to be so toxic or corro-
sive as to pose a human health hazard or gases which “are presu- ¢
med to be toxic or corrosive to humans because they have an LC50
value equal to or less than 5 000 ml/m? (ppm)".

e UN Class 6.1: Toxic substances are ”
death or serious injury or to harm human health if swallowed or

substances liable to cause

Occupational exposure limits are publi-
shed by many different organisations
around the world and different limit values
and terminology might be used. For
occupational health and safety, exposure
limits are often stated for various routes of
contact such as inhalation, dermal expo-
sure, ingestion with different exposure
times.

The Protective Action Criteria for Chemical
(PAC) dataset uses a single set of values
(PAC-1, PAC-2, and PAC-3) for each che-
mical, but the source of those values are
likely to vary depending on data availabi-

lity.

During an emergency response, PACs can

be used to evaluate the severity of the

event, to identify potential outcomes, and
to decide what protective actions should
be taken. Each threshold stands for:

e PAC-1: Mild, transient health effects.

e PAC-2: Irreversible or other serious
health effects that could impair the abi-
lity to take protective action.

e PAC-3: Life-threatening health effects.

The PAC dataset uses various occupatio-

nal exposure limits, which are explained
below.

27 - Marine HNS Response Manual

The international term Threshold Limit
Value (TLV) (equivalent to the EU Occupa-
tional Exposure Limit, EU OEL) of a chemi-
cal substance is the level to which a wor-

ker can be safely exposed 8 hours a day, 5

days a week without adverse effects. There

are typically three categories of TLV:

e Threshold Limit Value: Time-Weighted
Average (TLV-TWA) for daily life-time
exposure;

¢ Threshold Limit Value: Short-Term
Exposure Limit (TLV-STEL) for maxi-
mum exposure during a 15-minute
period;

¢ Threshold Limit Value: Ceiling (TLV-C)
for maximum exposure at any given
time.

To predict the severity of chemical expo-
sure in humans, emergency response plan-
ners and responders use public exposure
guidelines such as Acute Exposure Guide-
line Levels (AEGL). AEGLs are expressed
as concentrations of airborne chemicals at
which health effects might occur following
“rare/once in a lifetime” exposure. They
are calculated for five exposure periods
(10 minutes, 30 minutes, 1 hour, 4 hours,
and 8 hours) and concentrations are given
in three “levels”:
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e AEGL Level 1: the concentration pre-
dicted for the population to expe-
rience notable discomfort. The effects
are not disabling and are transient
upon cessation of exposure.

* AEGL Level 2: the concentration pre-
dicted for the population to expe-

rience irreversible, serious, long-lasting
health effects or an impaired ability to
escape.

* AEGL Level 3: the concentration pre-
dicted for the population to expe-
rience life-threatening health effects or
death.

10 min 30 min 60 min 4 hr
AEGL-1 30 ppm 30 ppm 30 ppm 30 ppm
AEGL-2 220 ppm 220 ppm 160 ppm 110 ppm
AEGL-3 2,700 ppm 1,600 ppm 1,100 ppm 550 ppm

Table 4: AEGL Example - ammonia (Source: EPA)

In the USA, if AEGLs are not available,

Emergency Response Planning Guidelines

(ERPG) or Temporary Emergency Exposure

Limits (TEELs) may be used.

e ERPGs estimate the concentrations
at which most people will begin to
experience health effects if they are
exposed to a hazardous airborne che-
mical for 1 hour. It also has three levels
and for responders, the most useful
being ERPG-2, which corresponds to
the maximum airborne concentration

SAFE

UNSAFE

AEGL 2
(10-30mn)
AEGL1
(10mn-8h)

below which it is believed that nearly
all individuals could be exposed for up
to 1 hour without developing irrever-
sible or other serious health effects.

e TEELs can be used when AEGLs and
EPRGs are not available. These limits
are developed through a formulaic
approach using available data on
LD50 values, occupational exposure
limits etc. for the substances involved.
TEELs are divided into four levels and
are defined for 1 hour of exposure.

DANGEROUS

AEGL 3
(30mn)

AEGL 3
(10mn)

280,000
150,000

Figure 15: Representation of flammability and inhalation hazards of ammonia for responders
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Responders may also encounter the IDLH
value (Immediately Dangerous to Life and
Health), which is the maximum concentra-
tion from which one could escape within
30 minutes without irreversible adverse
effects. In practice, if airborne concentra-
tions are above the IDLH, SCBA must be
worn.

For a given chemical, several values and
limits may be available, and it is useful to
put these values into perspective for res-
ponders. In the example in Figure 15, the
flammable range is higher than the AEGL-
3 and the IDLH.
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Some atmospheric modelling software
can estimate how a toxic cloud from a che-
mical release might travel and disperse
» 5.11 HNS spill modelling. Such model-
ling results often include the visualisation
of a “threat zone"” which is the area where
predicted hazards (such as toxicity, flam-
mability, thermal radiation, or damaging
overpressure) exceed a specific value.
These can help to guide the » 5.18 First
actions (responders).
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n PREPAREDNESS

4.1 Introduction

Because of the variety of behaviours, pro-
perties and fates of chemicals, HNS spills
are likely to require expertise not only
from civil and governmental agencies but
also private entities and industries. Certain
components of preparedness are more cri-
tical for HNS spills, in particular health and
safety aspects. Therefore, aspects relating
to Personal protective equipment (PPE),
decontamination and monitoring must be
thoroughly planned.

4.1 4.2
Introduction Legal
Launching

framework

4.5.1
Objectives
& scope

Writing
process
(Team resources,
Steps, Structure,
Validation,
Revision
updates)

Action plan
and key issues
(Initial actions,
Management,
Response
strategies)

4.6.1
Human resources

Once the scope and objectives have been
clearly defined, the overall preparedness
process will follow different steps which
are illustrated in the diagram below and
detailed within the present chapter.

4.3

Stakeholders
4.4.]

Risk
assessment

4.42

Challenges
4.4.3

Sensitivity
mapping

4.4 Risk and

4.6 Resources management

4.6.2

T Preparedness

© Cedre

Figure 16: Main steps in the preparedness process
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4.2 Legal framework

The 2000 OPRC-HNS Protocol highlights
the importance of preparedness through
contingency planning and a national sys-
tem as defined in Article 4 of the Protocol;
it prompts contracting states to develop
an integrated framework of HNS spill res-
ponse plans extending from individual
facilities handling HNS to a major incident
on a national or international scale. These
arrangements are intended to provide the
ability to escalate a response to an inci-
dent through a series of interlocking and
compatible plans.

Authorities developing a contingency plan
therefore need to consider the internatio-
nal, national, regional and local regulations
and agreements in place in conjunction
with other emergency plans (harbours,
industrial plans, etc.) to ensure a seamless
framework.

vernmental organisations (HELCOM, Bon

preparedness and response measures.

Finland

Sweden - Estonia o
Latvia Norway

Sweden

fe e UnitedKingdom Denimark

Ireland

Helsinki Convention Bonn Agreement

Figure 17: Regional coordination

In the Baltic Sea, the North Sea, and the Mediterranean Sea, dedicated intergo-

established to provide support and to ensure regional coordination of prevention,

n Agreement and REMPEC) have been

ooooo

Algeria

Barcelona Convention

within the West MOPoCo area

As per MARPOL Annex I, Annex Il and
Article 3 of the 2000 OPRC-HNS Proto-
col, vessels are required to carry onboard
an approved Shipboard Marine Pollution
Emergency Plan (SMPEP). The plan stipu-
lates the reporting requirements, the steps
to be taken to control the discharge and
the national and local-contact points (List
of National Operation Contact Points).
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» 5.17 First actions (casualty)
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4.3 Stakeholders

Stakeholders are a group or organisation
with an interest in or concern for response
preparedness and likely to be consulted or
participate in spill response. Engagement
with stakeholders is a key to a successful
contingency planning process and res-
ponse.

Early identification of stakeholders and
consistent engagement throughout the
contingency planning process should
lead to meaningful discussions and the

Materiality

Completeness

Responsiveness

resolution of conflicting interests and opi-
nions while in a non-emergency situation.
It also provides planners with the oppor-
tunity to identify important environmen-
tal resources and socio-economic fea-
tures and their value to the community, a
keystone before contingency plan drafting.

The figure below presents the main
stakeholders involved in the preparedness
process and HNS spill response.

Think strategically

Analyse and plan

Strengthen engagement capacities

Design the process & engage

Act, review and report

© Cedre from: Krick et al, 2005
Accountability, Stakeholder engagement manual

Figure 18: Attributes and main tasks of effective stakeholders involved in a spill response
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Environmental
protection agencies

-~

Wildlife expertise

1l

I Chemical expertise I

Clean-up contractors

: *
I NGOs

Local communities

— & —

Aerial expertise

N

VA VA VA VA VA VAV

B NN\ \]

= ‘I

Maritime expertise
al_ 1l
N |

Salvage contractors

LI= o= !

Terminal operator

=,

Navy, coastguard

Surveyors/Technical adviser =

Sea professionals,
tourist industry

Local/Regional/

| Elected officials |

Shoreline expertise

National authorities

Authorities

Navy, coastguard - R, |

Usually lead or oversee the response
depending on the scale of the inci-
dent. Liaise with other governmental
agencies in particular when potential
impacts are expected on land

Civil defense/Fire brigade/First
HNS responders - R, |

Usually lead the first actions res-
ponse and works with salvers to take
the first measures on board or on the
shore

Local/Regional/National
authorities - R, T, |, DP
Liaise with the at sea responders and

are involved mostly if spill is likely to
impact the shore

Elected officials - D,R, T, |, DP
Harbour master-D,R, T, |, DP

Terminal operator - D, R, T, DP
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Expertise

The bodies listed below may fall
under authorities

Aerial/Maritime/Shoreline/Wildlife
expertise, Public health specialist,
R, 1, DP

Environmental protection

agencies - R, |, DP

Provide specific input and make
recommendations on their field of
expertise during response operations
and damage assessment

Chemical expertise - R, |, DP
MAR-ICE network, CEFIC, Chemi-
cal industries, manufacturers. Useful
sources of information of the subs-
tances, their behaviour and how to
handle a spill.

Surveyors/Technical advisers

R, 1, DP

Government, department, agencies
or independent technical specialists.
Carry out surveys, make recommen-
dations on their field of expertise.
Assess and propose strategies, tech-
niques.

Civil defense/Fire brigade
/First HNS responders

Concerned parties

Sea professionals, tourist

industry - D, R, T, |

May suffer economic losses (due
to interruption of activities or spill).
May be involved in the response
(logistics or operations). May claim
for compensation under national or
international legislation.

Local communities - D, T, |, DP

May suffer from health hazards (loss
of life, injuries) and financial loss
due to the exposure to the subs-
tance(s) spilled (loss of recreatio-
nal space, loss of activities due to
lockdown).

NGOs - T, DP
Media - T, 1, DP

Liable parties

Shipowner - D, R, T, |, DP
Responsible for carrying out the res-
ponse supervised by authorities, until
they take the entire responsability of it.
May be represented on site by a local
shipping agent (DPA, Designated Per-
son Ashore), surveyors or lawyers.

Cargo owner-D,R, T, |, DP

Support response efforts by providing
precise information on the cargo. May
participate in the clean-up or waste
treatment if they have the necessary
resources available.

P&l - 3rd party insurers - R, T, |, DP
Assist the shipowner in dealing with
the incident, legal advice, finding
appropriate advisers/contractors,
approving claims. Represented on site
by a local correspondent.

Expert for P&l (ITOPF) - |, DP

Mobilised by the P&I Clubs and make
recommendations on their field of
expertise.

Figure 19: Main roles and relevance of potential stakeholders
involved in the response implemented after a marine HNS incident

- .

Responders

Salvage contractors - R, T, DP

Usually appointed by the P&l Club,
shipowner or authorities. Lead the
effort to salvage the ship and reduce
environmental damage caused by
the ship or its cargo at source. May
appoint additionnal experts (e.g.
marine chemists).

Clean-up Contractors - D, R, |
Contracted by the shipowner, P&l
Club or authorities. Provide the equip-
ment and workforce for response acti-
vities.

Public responders - D,R,|

First responders (Firemen, civil
defence, etc.) or member of adminis-
tration, local communities, harbours.

Volunteers - D, T, DP

© Cedre from ITOPF

D = Dependency, those
who are directly or indirectly
dependent on the organisa-
tion or those whom the orga-
nisation is dependent upon
for operation;

R = Responsibility, those
towards whom the organi-
sation has, or in the future
may have, legal, operational,
commercial, or moral/ethical
responsibilities;

T = Tension, groups or indi-
viduals who need imme-
diate attention with regard
to financial, wider econo-
mic, social, or environmental
issues;

| = Influence, those who can
have an impact on strategic
or operational decision-ma-
king;

DP = Diverse perspectives,
those whose different views
can lead to a new unders-
tanding of the situation and
identification of unforeseen
opportunities

Marine HNS Response Manual - 34
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4.4 Risk and sensitivity assessment

4.4.1 Risk assessment

What is a risk assessment?

Guidelines (1ISO 31000:2018):

reporting risk.”

used to kick-start an assessment.

According to the International Organization for Standardization’s Risk management

“The risk management process involves the systematic application of policies,
procedures and practices to the activities of communicating and consulting, esta-
blishing the context and assessing, treating, monitoring, reviewing, recording and

Various international standards or examples of risk assessment exist and can be

Understanding and assessing the risk
posed by transported chemicals is an
essential starting point for writing a
contingency plan. Conducting a risk
assessment is a multi-sectorial effort. By
modelling and analysing volumes of che-
micals transported locally or regionally, a
representation of risk can be derived. This
must be coupled with the likelihood of a
spill occurring as well as determining the

35 - Marine HNS Response Manual

probable consequences for the health
and safety of workers and the popula-
tion, whilst identifying environmental and
economic resources that could potential-
ly be affected. The incorporation of local
marine/land sensitivity data as well as
weather conditions into the assessment
can further improve the risk assessment
process. All this data drives the determi-
nation of likely spill scenarios (Figure 20).
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Consultation and data gathering

Environmental data

i~ Social data Economic context
fetlerel sl welpe (population) (amenities, business activities)
marine and land) Pop ’
HNS Volume Routes and
transported transported reception ports

Establishing Risk Risk Risk Risk
the context identification | analysis evaluation treatment

Scenarios to be dealt with in the Contingency Plan (CP)

Detection Protection

Response strategies Response techniques 5 uinns;H;ifion éf;.'fk?.?ﬁi
Options, limits, drawbacks ~ What? Where? When? Who? quipment, focation, : A
type, quantity Local, national, regional, etc.

Operational Plan

Figure 20: Risk assessment process and downstream steps to elaborate a Contingency Plan (CP)
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4.4.2 Challenges

Some challenges are specifically linked
to the location of an incident (at sea or in
port) and can be very diverse. Therefore,

Port

Can be stationary and computerised

it is essential to tailor risk assessments to
the reality of the risks for each location or
each situation.

At sea

Specialised team to be sent on board with

Detection Otherwise led by a dedicated spe- dedicated equipment (logistics to plan)
cialised team Aerial detection should be considered
On board for immediate actions (specia-
Specialised team lised crew member)
Resources Assisted by and headquartered in External specialised team sent on board
'E the harbour area Support and decision-making at external
§ headquarters on shore
T Inf ti i i- . —
o frormation Infqrmatlon. o) @S O contami Potentially difficult to assess
access nation relatively easy to obtain
Affected area Heterogeneous Homogenous
U - More complex in areas close to the
sually difficult due to the lack of !
. ; . coast and in sheltered areas
Modelling reliable data and micrometeorolo- . .
. Bathymetric and current data to be inte-
gical phenomena near shore .
grated into the model
Navigation Floating & sinking containers Floating or sunken containers
(2]
2 - Remote and not very exposed (except
S Amenities Nearby and very exposed . X
5 in the case of onshore winds)
I
Other legitimate Navigation. etc Commerecial, touristic, fishing activities
uses 9 e Water intakes/outfalls to be careful of
c o H H _
Lo Crew Relatively straightforward PEsE; clpereing, peienialy dulln
®'5 ging
58 ht b
g . . . .
S = General public Might become necessary in case Unlikely to occur
I = of toxic gas cloud for example
Personnel,
o ves§e| zid Potentially in close proximity Not readily available
i equipment
§ availability
9 May be possible and recom- Potentially difficult to contain and

Strategies and
techniques

mended to contain and manage
spill

manage
Monitoring to be planned

Table 5: Response challenges of actions to be implemented after an HNS spill, in different environments

Some ports have produced detailed risk  with rapid access to information during an
incident by trained responders, are the key
to an effective response.

assessments for each of the HNS common-
ly loaded and discharged. These, coupled
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4.4.3 Sensitivity mapping

Once planners have defined what inci-

dents could occur, where the pollutant

might go and how it could behave and
weather in the environment, it is necessary
to:

e determine which environmental, geo-
morphological and socio-economic
resources could be affected;

e define the degree of sensitivity of
those resources to HNS spills.

The combined modelling output of all the
spill scenarios defines the overall zone of
potential spill impact and outlines the geo-
graphic area of interest for sensitivity map-
ping. Potentially vulnerable sites within
this area of interest should be identified
and characterised, and the probability of
the HNS spill having an impact on these
resources should be considered. The
sensitivity data is used in the risk assess-
ment process to determine the potential
consequences of a spill scenario and the
probable impacts. The evaluation will pro-
vide planners with the information on the
location of high risk areas and resources
to support their priority ranking for protec-
tion or response.

Strategic sensitivity maps should be
developed in addition to standardised
sensitivity atlases. Such maps can also
be expanded to contain a wide range of
operational planning information such as
logistics data, site specific tactics for prio-
rity protection areas, trajectory model-
ling, equipment stockpiles, staging areas,
emergency medical facilities, potential
command centres, etc. Such maps will
convey essential information to planners,
decision-makers, as well as to on-site res-
ponders in charge of equipment deploy-
ment.

Sensitivity mapping can be presented as
a simple hard-copy map with tables listing
resource details, or integrated into a geo-
graphic information system (commonly
referred to as GIS) capable of containing
large volumes of data. GIS-based sensi-
tivity maps can also be integrated into
electronic emergency management sys-
tems, and linked to other databases for
enhanced command and control and a
depiction of response activities, resources
and status.

© Cerema

Figure 21: Example of sensitivity mapping with colour coded areas corresponding to
different levels of sensitivity
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4.5 Contingency planning

4.5.1 Objectives and scope

Based on risk assessments, an effective
contingency plan is an operational docu-
ment formalising the actions and proce-
dures to be implemented in the event of
an incident and aims at minimising unfore-
seen events. Therefore, a fully developed
contingency plan is not merely a written
document but comprises all the practical
requirements necessary for an immediate
and effective response.

To do so, a contingency plan must com-
prise all the actions that can be comple-
ted ahead of time to ensure a prompt
and appropriate response in the event
of an emergency in order to mitigate the
impacts on:

e Population;

® Environment;

® Property and socioeconomic activities.

Why a plan?
e To provide a response framework

to be implemented;

® To comply with legal frameworks and internal policies

Establish alert and communication procedures and immediate actions

Define roles and responsibilities

® To develop a complex response in a non-emergency context free from pressures;
Prioritise sites for protection;

Specify response strategies and techniques;

Identify and allocate resources to be mobilised.

4.5.2 Writing process

4.5.2.1 Teams and resources

First of all, a team in charge of drawing
up the contingency plan must be called
together. Regardless of the scope of the
document to be created, the project team
must be aware of the context and more
specifically of the regulatory framework
within which the plan will apply.

The drafting may be entrusted to expert
organisations who will submit each deli-

verable for validation by the management
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team. In addition, for each specific section

of the plan, complementary resources and

expertise may be mobilised, notably:

e authorities to specify what is expected
when taking over the supervision or
management of operations;

e geomatics specialists and environmen-
talists to produce sensitivity maps and
atlases;

e modelling specialists for the study of
product fate behaviour;
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pollution experts for the definition of
strategies, techniques and equipment;
insurer or P&l representatives for
input to the sections dedicated to
record-keeping and compensation
procedures, etc.

the drafting of a contingency plan
should be managed like any standard
project and therefore requires the:
setting up of an action plan and a sche-
dule;

definition of a global budget for
carrying out such an action and the
method for monitoring the associated
expenditure;

holding of regular meetings to check
on the work progress and to identify
any obstacles;

procurement of adapted tools (GIS,
drift models, fate and behaviour
models for example) or the outsour-
cing/sub-contracting of such tools and
expertise to use them;

establishment of a review process by
specialists with the appropriate exper-
tise;

definition of a validation procedure by
the legitimate organisations.
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4.5.2.2 Steps to consider

Generally speaking, contingency plans
address five crucial points:

identification of risks related to subs-
tances handled or transported;
identification of potential stakeholders
and their responsibilities;

inventory and preparation of equip-
ment (protective equipment, response
equipment);

actions to be taken in the event of a
spill;

training of persons liable to be invol-
ved in response.
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DEFINE PLANNING SCOPE

Planning scenarios selected

Response strategy development

Set scenario response objectives
Consider response strategy options

Net environmental benefit analysis (NEBA)

Overall response capability defined

Contingency plan preparation
Develop the HNS spill contingency plan,
and compile supporting documents
Obtain company and regulatory approval

Maintain and improve

Review and update

Ensure planning scope and
scenarios remain relevant
Foster continuous improvement
of capability and plan

Maintain document control,
responder competence and equipment/facilities

l
Regulatory framework

@ HNS spill planning scenario development

Identify and analyse HNS spill scenarios
Evaluate response challenges and risk
Select HNS spill planning scenarios

Response options assessed and agreed

Determination of response capability
Tactical planning and resource identification
Tiered provision of resources

Supporting response elements

Contingency plan written and approved

Implementation
Conduct training and exercises
Verify capability and plans

Figure 22: The overall process for industrial contingency planning
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4.5.2.3 Structure

Contingency planning is an exercise in
preparing response strategies and tactics
to minimise the adverse impacts of a pol-
lution incident and in bringing together
numerous aspects of spill operations,
environmental policy, and regulatory com-
pliance. Effective guidance for on-scene
initial emergency response and transition
into a project-managed response is funda-
mental to the success of a spill response
plan.

During the writing process, a large amount
of material will be produced and generate
difficulties in navigating the core proce-
dure. Simple techniques, such as the use
of tabs, arranging pages into sections,
and creation of a well-organised table
of contents will help users to navigate to
key information in the plan, and will also
simplify the plan update process. Moreo-
ver, some materials may be integrated as
appendices or as separate documents, for
instance: modelling results, action cards,
forms, sensitivity atlases, tactical maps
or material requiring frequent updates
and redistribution such as contacts and

resource directories. Background infor-
mation and capability justification, which
has been compiled over the course of the
planning effort, should be included as a
separate supporting document.

Numerous guides and examples are
available for the content of a National
Contingency Plan (NCP), including a “fill-
in-the-blanks” template. The IMO Manual
on Oil Pollution Section Il - Contingency
Planning lists the following basic content
for a NOSCP (National QOil Spill Contingen-
cy Plan).

While a variety of templates exist for NCPs
dedicated to oil spills, there are fewer exa-
mples available for HNS spills. Arguably,
the two will be quite similar but with an
additional focus on health and safety
and collaboration with experts. On the
other hand, as for oil, the format of these
contingency plans should vary depending
on the specific scope and should be sca-

lable.

https://arpel.org/library/publication/195/

Arpel (2005). How to develop a national oil spill contingency Plan. Available at :

IMO (2005). Manual on oil pollution. Section IV : Combating oil spills. London : IMO, 212 p.
IMO (2018). Manual on Qil Pollution. Section II: Contingency planning. London: IMO, 103 p.

IMO (2020). Guide on the implementation of the OPRC convention and OPRC-HNS Protocol.

Available at: wwwedn.imo.org/localresources/en/publications/Documents/Newsletters%20and %20
Elyers/Flyers/IS59E.pdf

Ipieca and IOGP (2015). Contingency planning for oil spills on water. Available at:
www.ipieca. org/resources/goo -practice/contingency-planning-for-oil-spills-on-water/

Figure 23: Tools and references for drafting a contingency plan
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A basic structure is given, as an example,
in the table below.

Action plan

e Table of contents

e Document control (distribution, review,
update and records, level of confidentia-

Introduction lity)
e Scope and perimeter
¢ Overall response priorities and objectives
¢ Interface with other existing plans
e Alert and notification (alert flowchart,
assessment, notification)
. . Tier level assessment and escalation
Initial actions . o .
Health and safety issues and initial actions
e Activation of Contingency Planning (CP)
and response management team
e Activation and location

¢ Organisation (location, functioning,
composition)
¢ Roles and responsibilities/assignment
Management  sheets

¢ Processes and procedures to ensure
pollution follow-up

e Communication (internal/external)
e Financial management

Scenario
Assessment (NEBA/SIMA)

¢ Site health, safety and security
assessments

¢ Spill surveillance methods (aerial
surveillance, tracking buoys, etc.)

¢ Spill trajectory modelling

¢ |dentification of vulnerable and sensitive
resources

Strategies: Decision support flowcharts,
Respor!se Response procedures
strategies e First actions
® Protection
* Monitoring
® Response
Waste management
Material resources

¢ Inventory of equipment and resources
available for deployment

¢ Specialised expertise and back-up
resources

Demobilisation of equipment and personnel

e Crisis closure

¢ Document archiving

Termination ¢ Claims and compensation

e Feedback and debrief

e CP review

* Equipment renewal and maintenance

Table 6: Example of a basic structure for a contingency plan
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Appendices or supporting
documentation

Back-
ground
information

Sensitivity
atlases

Potential
pollutants

Response

Actions
cards

Directories

Wildlife

Plan
justification

Regulatory context

Description of the context
(framework/activities/sites
to be considered)

Baseline environmental and
socio-economic
information

Meteorological and hydro-
dynamic information
(including both prevailing
and limiting/extreme
conditions)

Environmental

Socio-economic
Geomorphological

Type

Characteristics
Behaviour when spilled
Risks and safety issues

Strategical and tactical
maps
Incidence response sheets

Description of techniques
and operational aspects

Detailing roles and tasks of
key actors

Contact details for each
stakeholder, partners,
technical experts, or
potential subcontractors

Dedicated management
plan or procedure to deal
with impacted or
endangered wildlife

Risk assessment and
scenario planning

Spill prevention and
detection

Training and exercise
programme

Plan and equipment review
and audit schedule

Table 7: Appendices or supporting

documentation
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4.5.2.4 Validation

A contingency plan must be tested
through exercises in order to ensure that
it is relevant and that the personnel likely
to be mobilised to implement the plan
are fully familiar with it. Through training
and exercises, contingency plans can be
implemented, validated and improved

(see Chapter 4.6.1).

4.5.2.5 Revisions and updates

Intrinsically, a contingency plan is a living
document and it is the responsibility of
everyone involved to ensure it remains
relevant. The plan must be regularly
updated, in particular following an incident
or organisational change, or when new
protection or response measures become

4.5.3 Action plan - Key issues

4.5.3.1 Initial actions

Alert and notification

Initial response information is critical in
guiding responders through the first hours
or days of an incident. The first information
to be obtained in the alert phase is neces-

sary to:

* assess an incident and mitigate
hazards;

e activate an informed, immediate res-
ponse;

* make required notifications;

* activate additional response resources
including the incident management
team, as needed.

Timely notification of key internal and
external personnel and organisations is
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available. Any major changes in the level
of HNS transport activities, populations or
neighbouring industrial activities require a
revised risk analysis and, consequently, a
revision of the contingency plan.

When the contingency plan is adopted
by a law, updating it can be difficult. The-
refore, it is essential to define, from the
beginning and within the legislative pro-
cess, the contingency plan’s section or
supporting documents which will require
to be updated on a regular basis (also to
be defined). The 2000 OPRC-HNS Pro-
tocol and the IMO manuals on chemical
pollution define the living documents of
contingency plans.

instrumental in mounting an effective res-
ponse. Notification procedures, responsi-
bilities and regulatory requirements (inclu-
ding forms, timelines and instructions)
should be provided along with a directo-
ry of contact information. Flowcharts and
diagrams are effective ways of displaying
the flow of notifications that are often
required.

The provision of a checklist and log will
assist in the documentation and evi-
dence of timely reporting and alerts. It
is important to specify the management
role responsible for ensuring that notifica-
tion and reporting requirements are met
(IPIECA and IOGP, 2015).
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Level of response

Tiered preparedness and response are
recognised as the basis for a robust
framework. This establishes a capability
that can be escalated and cascaded to
the scene. This avoids the proliferation of
impractical stockpiles of large quantities
of response resources yet can still provi-
de an appropriate and credible response
through the integration of local, regional
and international capabilities.

The established three-tiered structure
allows contingency planners to describe
how an effective response to any spill will
be provided, i.e. from small operational
spillages to a worst credible case release
at sea or on land.

The tier classification system helps to
define the resources required to deal with
potential spill scenarios and are broadly
considered as follows:

Large

Medium

Size of the spill

Local response resources insufficient
to deal with spill; therefore regional
or national resources required.
Response needs met by local
Small resources; often within or near a
port, terminal or facility.

Vicinity Local Remote
— <
o . o
PI’OXImIty to operations (a) [
©

Applies to large scale, complex
spills. National and/or international
resources required to supplement
Tier 1 & 2 capability. Mobilisation
of additionnal resources, through
regional agreements, has to be
considered.

For exemple: probability and frequency of a spill
event, oil volume and type, impact on business
operations, etc.

appropriate operational factors

In most cases a

range of factors

will need to be
taken into
account

Operational and setting factors

© IPIECA

Figure 24: The conventional definition of tiered preparedness and response (a)
and concentric circle model to define tiered response capability (b)

45 - Marine HNS Response Manual



INTRODUCTION

IMO CONVENTIONS
PROTOCOLS AND CODES

HNS BEHAVIOURS
AND HAZARDS

POST-SPILL
CASE STUDIES MANAGEMENT RESPONSE

FACT SHEETS

4.5.3.2 Management

Organisation

Contingency plans provide the struc-
ture for the management of response
operations and should be prepared
and updated by agencies, organisations
and stakeholders liable to be involved
in the response and that have specific
knowledge of the context.

An organisational structure or Incident
Management System (IMS) is necessary
to provide leadership through the diffi-
cult decisions and compromises that have
to be made at all stages of the response.
Organisational structures vary conside-
rably from country to country. Many exa-
mples are available, most of which have
evolved according to national preferences,
prior experience and lessons learnt during
incidents and exercises. The primary diffe-
rence between generic functions and
team-based structures are the division
and location of command and the mana-
gement of specific activities.

* The Incident Command System (ICS),
commonly used in the US and by the
oil and gas sector, is an example of a
standardised, function-based organi-
sational structure. The ICS is designed
specifically to bring together personnel

from different organisations and agen-
cies at short notice to work as members
of a single structure, within which their
roles and responsibilities are well esta-
blished and understood. Familiarity
with the structure provides a practical
means of building a coherent, trans-
ferable and replicable response orga-
nisation within a very short timescale.
The ICS requires substantial pre-invest-
ment and resources, on a scale which is
usually unavailable in many other coun-
tries.

The alternative team-based structure
has been used successfully in the res-
ponse to incidents in various parts of
the world. The same principles are
applied but the structure is less strict
and the teams are not separated into
individual functions. Instead, posi-
tions are established to fulfil different
aspects of the response, most com-
monly at sea and onshore, with sup-
port services allocated to each. This
has the advantage of promoting self-
contained units that can focus on spe-
cific elements of the response within
their remit and can readily accommo-
date the requirements of the response
and the organisations involved.

Safety Officer |

Command

Public Information Officer |

Liaison Officer |

Operations Planning
Section Section

Logistics Finance/Administration
Section Section

© Cedre

Figure 25: Typical Incident Command System structure
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Communication

Cooperation at all levels is likely to be a

key factor in the success of an effective

and coordinated response. Two very dis-

tinct communication strategies need to be

established:

e Internal, which highlights how the
various teams involved in the response
communicate with each other;

[ I I B
0
— R
=N , Press Stakeholders
ol ¢ Social media Politicians
-+ N .
8 o Public
Lol
0
leccccccacnas - -
bPooeoocooeocae Incident -
. Command
[
[
_ K
(o ¢ Airborne or other
E * [ surveillance response
o K
[]
__E . 1
. Shoreline Marine
: response response
]
o oo

e External, which deals with how the
information is shared with the wider
public using various media.

» 4.1 External communication
» 4.2 Press conferences
» 4.3 Internal communication

Press release
Website updates
Press conference
Social media

POLREPs

Meetings

Database recordings
Common depository folder

Emails/Messaging
VHF

teoocoocooccscscscscscscscsdbo0ccocococceld

© ITOPF

Figure 26: Flowchart of a typical communication structure in a function-based structure

4.5.3.3 Response strategies

Scenarios

Preparing an effective operational
response requires various incident
scenarios to be defined and analysed and
their consequences examined. To make
these scenarios as realistic as possible,
they should be based on past incidents
and a recent analysis of the context
and the risks associated with activities
involving HNS. They must be adapted to
the various response levels indicated in
the contingency plan. The plan should
include a limited number of scenarios
along with the associated initial operational
response strategies. In order to specify the
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pollution scenarios as precisely as possible,
modelling can be useful in order to:

* anticipate pollutant fate and behaviour;
e determine potential impacted areas;

e define response timeframes.

To do so, different types of models exist:
prediction and stochastic models.
» 5.11 HNS spill modelling

This information is also useful for develo-
ping training activities and exercises for
personnel directly involved in handling
HNS during transport as well as for respon-
ders in the event of an incident.
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For each scenario, the impact assessment
must be realistic and must consider the
immediate vicinity, in particular the popu-
lation, the environment and industrial acti-
vities.

Assessment

Once a range of oil spill planning scena-
rios have been selected, consideration
shifts to the development of appropriate
response strategies, which are comprised
of available and viable response tech-
niques to adequately mitigate the impact
and consequences of each scenario.

Planners should consider how the res-
ponse for a given scenario might develop
over time and how the strategy may need
to be adjusted as the spill evolves. The rea-
lities of the situation and the limitations of
techniques and equipment must be well
understood. The choice of response strate-
gy is essentially dictated by three criteria
which should be outlined in the contingen-

cy plan:
e the accident area (offshore, inshore,
port area);

e the location of the product (in the ves-
sel or released);
e the behaviour of the product spilt.

Gas
Evaporator Floater Dissolver Sinker
=
m Syl
u T T Transhipment - Controlled release
(:'D: ]
v Water sampling
@) % / Air Marking Marking Marking
measurements Modelling Modelling Modelling
. Modelling and recovery Containment
Cargo split dispersion and recovery
Towing
S !
et S o WP Transhipment
L 4 T
Cargo in ship Water sampling

Population
management
measures

~

Cargo split

A8

Air
measurements
Modelling

Protection of
sensitive areas

Protection of Protection of

sensitive areas water intakes
Marki and water intakes T o
Modeling_|["Watersarmping

Containment Marking
and recovery

Cargo in ship

Population

management
measures

% Air
& / measurements
Modelling

¢

Cargo split

Vapour reduction
with water spray
. Protection . Monitoring . Response

Figure 27: Decision support for response to spills of bulk HNS cargoes
depending on their main behaviour and the location of the incident
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Isolation then

Containment
and recovery

Water sampling

treatment of
the water mass
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For each strategy, see the dedicated res-
ponse sheets in Chapter 5.

As the situation may evolve very quickly,
the chosen strategy must be adjusted
according to the reality in the field.

The selection of suitable response tech-
niques can be heavily influenced and res-
tricted by various factors: extreme weather
conditions, hazards of HNS spilled, remote
locations, and proximity to highly sensi-
tive areas. Strategies should be focused
on clear, attainable goals by taking into
account a number of inputs:

* health, safety and security issues for
responders and the public;

* regulatory requirements and restric-
tions regarding the use of specific
strategies (dispersion or in situ burning
for instance);

* equipment availability and mobilisa-
tion timeframe;

* sensitive sites within the potentially
impacted area.

All response techniques have advantages
and disadvantages. A response strategy
therefore generally consists of a combina-
tion of techniques. An appropriate strate-
gy for a minor scenario may comprise
one or two techniques. Scenarios that are
more complex may require various com-
binations of techniques at different tier
levels, possibly in different locations or for
varying seasonality. Whatever the case, the
strategy should be established in consulta-
tion with the stakeholders, with considera-
tion given to the greatest net environmen-
tal benefit. The NEBA (Net Environmental
Benefits Analysis) process provides a use-
ful framework to achieve science-based
planning and stakeholder consensus prior
to, and away from, the emotive atmos-
phere prevalent at the time of a spill. It
weighs up the advantages and disadvan-
tages, or trade-offs, of the available tech-
niques so that an effective response may
be formulated to achieve the maximum
overall benefit for the environment.

NEBA/SIMA

'benefit’.

off decisions (IPIECA and IOGP. 2015).

The term NEBA (Net Environmental Benefits Analysis) has been used to describe
a process for guiding the selection of the most appropriate response option(s) to
minimise the net impacts of spills on people, the environment and other shared
resources. Considering that the selection of the appropriate response action(s)
may be in practice guided by additional considerations, the oil and gas industry
sought to transition to a term that also reflects the process, its objectives and the
decision-making framework. In 2016, the term Spill Impact Mitigation Assessment
(SIMA) was introduced to encompass ecological, socio-economic and cultural consi-
derations. This new term also eliminates the perceptions associated with the word

Regardless of terminology, effective implementation of NEBA/SIMA processes is
incumbent on the use of competent and knowledgeable experts to understand
specific event conditions and local resources, and make reasonable response trade-
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Strategies

Varying degrees of response may be
required: prevention measures, assess-
ment and monitoring of the spreading
of the pollution and/or clean-up actions.
For each of them, decision trees are com-

I Protection

5.20 Personal protective equipment
5.21 Decontamination

5.22 Remote sensing technologies
5.23 Substance marking

5.24 Remotely operated vehicles

monly used within contingency plans to
facilitate choices for decision-makers. For
responders on site, each technique to be
implemented will also be detailed in spe-
cific and operational action cards (often
attached in the appendices).

Vessel- Waste

oriented

. management
actions

5.28 Emergency boarding
5.29 Emergency towing
5.30 Places of refuge

5.31 Cargo transfer

5.32 Sealing and plugging

© Cedre

5.33 Wreck response

Figure 28: Main steps to be detailed within strategies and developed through operational action cards

Each of the following steps is described in detail in Chapter 5.

Waste management
HNS-contaminated liquids and solids col-
lected in the context of recovery, dred-
ging or decontamination operations
implemented following an HNS spill are
considered as “waste”. “"Waste” is "any
substance or object which the holder dis-
cards or intends or is required to discard",
according to the Directive 2008/98/EC of
19 November 2008 on waste (the Waste
Framework Directive (WFD)).

In the event of a maritime pollution inci-
dent involving HNS (carried in bulk or

packaged form), recovery operations can
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generate diverse hazardous (as well as
non-hazardous) waste materials, with a
wide range of hazard level, toxicity or eco-
toxicity, sometimes in great quantities. The
classification of waste as non-hazardous or
hazardous is regulated by the WFD. The
WEFD Annex Il defines hazardous waste
as waste that displays one or more of the
hazardous properties (HPs) HP1 to HP15: it
refers for most hazardous properties direc-
tly to the hazard statement codes (HSCs)
introduced in the CLP (Classification,
Labelling and Packaging) Regulation for
chemical substances or mixtures having
hazardous properties.
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One of the objectives of the contingency
plan is to anticipate, and to detail, the glo-
bal process to implement for waste mana-
gement should it need to be in place.

The upstream phase should take place at
the same time as operations begin. This
covers:

e temporary storage facilities, in the
immediate vicinity of the site and lin-
ked to the duration of the site;

* intermediate storage facilities, ser-
ving several primary storage sites, set
up a few hundred metres or even up
to several kilometres from the clean-
up sites (these intermediate storage
sites are closed once operations at the
clean-up sites have been completed);

e final storage area(s), to which all the
separated polluted waste from one
geographical area is transferred. Such
sites may be in operation for over a
year depending on the performance
of the downstream phases;

* transportation between storage sites.

REDUCTION

Efficient methods
should be developed
for oil or HNS spill
clean-up to ensure that
the minimum amount of
sedimentary substrate

or material is
contaminated or used
during the process. E.g.
on sand beaches,
manual cleaning is often
more selective than
mechanical cleaning.

Most desirable

Upstream Phase

Assessment/ . .
.. Collection B Transportation B4 Storage
Decision

Downstream Phase

TreatmentB Upgrading or ultimate disposal

Figure 29: Global waste management process

© Cedre .

The implementation of the downstream

phase can be deferred. This stage includes:

e treatment processes, with different
procedures suitable for different waste
types;

e disposal of treated waste;

* restoration of sites dedicated to inter-
mediate or final storage.

A useful model when dealing with a waste
stream originating from any source is the
"waste hierarchy". This concept uses prin-
ciples of waste reduction, reuse and recy-
cling to minimise the amount of ultimate
waste produced, thus reducing environ-
mental and economic costs and ensuring
that regulatory and legislative require-
ments are met. It provides a tool for struc-
turing a waste management strategy and
can be used as a model for all operations.
In the past, most spills have involved crude
oil or refined products, so the diagram
below is based on oil.
RECYCLING
DISPOSAL

This is the production of
a marketable product
from waste, e.g. taking
waste oil to a refinery
for conversion into
other usable products.
This will be directly

Disposal is the final and
least desirable option. If
none of the below methods
can be carried out for
whatever reason, the waste
must be disposed of

effectively through some
affected by the quality

of the recovered
product, i.e. highly
contaminated material
is less likely to be
suitable for recycling.

means. This may be the
case for highly mixed wastes
comprising oil or HNS,
plastics, organic debris,
water, sediments etc. which
cannot be separated.

option

© Cedre

> Least desirable
option

Figure 30: The ‘waste hierarchy’ or waste management steps
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It is essential that planners do not lose
sight of the need to pre-plan waste mana-
gement. The lack of proper waste hand-
ling, storage, transport and disposal or a
simple weak link in this chain will reduce
the response capacity of the whole pro-
cess and can lead to potential violations
of regulatory requirements. Details and
guidance for implementing the waste
management strategy and recycling, treat-
ment or disposal arrangements should be

4.6 Resource management

An effective response to an HNS spill criti-
cally relies on the preparedness of the enti-
ties and individuals involved. Responding
to an HNS spill affecting a broad range of
people and organisations requires a wide
variety of decisions to be made very qui-
ckly. This can only be achieved if teams in
charge of the response:

4.6.1 Human resources

Robust preparedness should include trai-
ning and exercises carried out on a regular
basis, aimed at:

e providing responders with knowledge
of how to minimise impacts on human
health and the environment due to
HNS spills in the ecosystem;

e familiarising stakeholders with
response methods aiming to minimise
the effects of chemical pollution and
techniques to recover or neutralise
chemical substances;

* exchanging expertise, experience, and
opinions amongst stakeholders;
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included in the contingency plan or as a
separate waste management plan. They
should specify in advance:
e responsibilities;
* type and capacity of facilities required,;
* methods and rules of collection and
transportation.
» 4.4 Waste management

e are sufficiently prepared to appreciate
the unfolding situation;

e can make crucial decisions;

e can safely mobilise appropriate
resources without delay.

Such skills rely on resource preparedness;
for both responders and managers, it relies
on training and exercises.

e enhancing the capability of institutions
tasked with managing maritime
emergencies because they are likely to
differ from other incidents;

e regularly checking the applicability of
the HNS contingency plan and making
any necessary improvements;

e improving the overall response
capability.
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4.6.2 Training

Providing training and organising exercises
for response teams are the best ways to
improve the overall response capability. All
personnel liable to be called upon to han-
dle hazardous materials must acquire spe-
cific knowledge and skills. In particular, they
must be familiar with:

e the intrinsic hazards of various subs-
tances, in particular by referring to the
UN Recommendations on the Trans-
port of Dangerous Goods (TDG), and
understand their fate and behaviour;
» 3.2 GHS vs UN TDG

4.6.3 Exercises

Regular and realistic exercises are essen-

tial for validating the response plan and

response capability, and enable all parties
involved to:

® maintain and improve the theoretical
and technical knowledge acquired
during training;

e clarify roles and responsibilities;

e optimise communications within the
Incident Management System (IMS);

e meet and exchange with various
people involved in the response
(often from different departments with
otherwise very little interaction);

® integrate the procedures set out in the
contingency plans to be validated or
updated;

e validate the response capabilities;

e to effectively prepare first responders,
various types of exercises should be
organised as part of an exercise pro-
gramme.
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o 3ll relevant sources of information,
such as Safety Data Sheets (SDS), dan-
gerous good declarations, shipping
documents, as well as all other relevant
documents;

e protective equipment and clothing;

e chemical detection kits;

® amergency procedures, first actions to
implement;

e specialised response strategies, tech-
niques and equipment;

* methods and procedures for communi-
cating clearly as per the communication
plans.

The frequency with which the exercises are
carried out should be tailored to the com-
plexity of preparation and implementation,
but will also be regulated according to the
human, material and financial resources
available. For instance, if table-top exer-
cises are to be carried every six months,
large-scale exercises may be carried out
on a three-yearly basis.
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Table-top

Functional

Equipment
deployment

CHARLIE

Full Scale

Test the national
or multi-national

Figure 31: Progressive development of different types of exercise programmes

4.6.4 Material and equipment

4.6.4.1 Response equipment

Certain response equipment is required

to respond to an incident involving HNS.

There are various categories of pollution

response equipment to be inventoried

(type/quantity/origin):

e plugging and sealing devices (e.g.
inflatable plugs, sealing plates for
sewer manhole cover);
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e fire hose nozzles;

* neutralising agents (e.g. lime, vinegar,
citric acid);

e dispersants;

e sorbents (socks, pads, etc.);

e containment devices (e.g. floating
boom);

* pumps and skimmers;

* waste storage and recovery systems
(e.g. leak-proof drums or containers).

4.6.4.2 Stockpiles and storage

Response equipment is often deployed in
an emergency. The location and mode of
storage must therefore be selected and
arranged to allow for a rapid response and
easy deployment, preferably near high risk
sites. Their position should be defined in
advance to ensure maximum efficiency in
case of deployment; such positions should
be specified in the contingency plan or
located on strategical/tactical maps.

Within stockpiles, it is advisable to gather
in the same place, rack or pack (container,
trailer, etc.) all the equipment necessary
for a given technique. For instance, a skim-
mer will be packed with a pump, power
unit, set of hoses, ropes, etc. Containment
devices will be grouped together, and so
on.
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It is preferable to protect the equipment
from sunlight, frost and bad weather (sea
spray, wind, rain...). In areas where the cli-
mate is cold, hot or humid, special care
must be taken. Ventilation will prevent
mould and accelerated deterioration.
Protection against rodents must also be
ensured.

4.6.4.3 Maintenance and care

As part of the preparedness process, it is
essential to draw up detailed and regu-
larly updated inventories of the available
equipment (number, type, quantity, state)
and to associate them with technical data
sheets as well as implementation and
maintenance protocols.

» 4.6 Acquisition and maintenance
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5.1 Introduction

There are no universally applicable
response and intervention techniques
in case of incidents involving HNS at
sea: each response to tackle a release at
sea and mitigate the potential impacts
is unique and depends on numerous
variables:

® The list of HNS potentially involved in a
spill is very long and their behaviour is
difficult to predict;

e The complexity is increased by the
specificities of the incident location,
environmental conditions, possible
mixing of chemicals, reactivity, etc.;

® The level of preparedness as well as
the availability of suitable equipment
and training level are key factors in the
effectiveness of the response.

This manual aims to guide involved
personnel (decision-makers, responders)
through the different phases of a marine
HNS emergency, and assist with the
response. It is essential to be able to rely
on a well-developed contingency plan.

The response phases are not necessarily
sequential, they may be carried out
simultaneously, always keeping in mind
that the priority objective must be to save
lives in danger and to preserve the health
of responders.
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Chronologically the following phases can
be identified:

Incident notification

* reporting of incident by observers
(casualty’s captain, pollution observa-
tion systems, general public)
» 5.1 Incident notification

Information gathering

e data gathering: research into the cha-
racteristics of involved substances
(physical, chemical and biological
data) and/or containers as well as their
behaviour, weather and sea conditions
and forecasts, ecological and econo-
mic characteristics of affected area.
» 5.2 Incident data gathering

Decision-making

e selection of strategies to eliminate or
reduce the pollution (or threat thereof)
based on:

- Hazards: evaluation of hazards deri-
ving from the released substances;

- Behaviour: their behaviour which
will make it possible to identify the
compartment(s) (air, surface, water
column, seabed) that will be impac-
ted by the pollution;

- Modelling: to predict the trajectory,
fate and behaviour of spilled pollu-
tants.

» 5.11 HNS spill modelling
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First actions » 5.28 Emergency boarding
e usually initial emergency measures » 5.29 Emergency towing
taken by responders and crew of invol- » 5.30 Places of refuge
ved ship(s) » 5.31 Cargo transfer
» 5.5 Situation assessment » 5.32 Sealing and plugging
» 5.18 First actions (responders) » 5.33 Wreck response

» 5.19 Safety zones
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On-scene response operations to contain, treat
® once response strategy is established, and/or recover pollutants on
> multiple actions may be conducted: the vessel or in the environ-
% é - Protection: identification of the ment:
> § necessary Personal protective » 5.34 Using water curtain
H - equipment » 5.35 Using foam
2= » 5.20 Personal protective » 5.37 Using sorbents
- equipment » 5.38 HNS response
» 5.21 Decontamination in the water column
a » 5.39 HNS response
z - Monitoring: depending on the on the seabed
g characteristics of the accident, » 5.40 HNS response
g different types of monitoring on the shore
- could be carried out: remote » 5.42 Containment
detection (wherever possible), techniques: Booms
use of portable detectors, and » 5.43 Recovery techniques:
sampling of water, sediment and Pumps and skimmers
biota for laboratory analyses
» 5.22 Remote sensing - Logistical organisation: identifica-
technologies tion of suitable areas for setting
» 5.23 Substance marking up decontamination zones; esta-
. » 5.24 Remotely operated blishment of a waste management
= & vehicles strategy.
5/:7 é » 5.25 Portable gas detectors » 4.4 Waste management
3 for first responders
=g » 5.26 Sampling techniques Post-spill management
and protocols ¢ the following topics must be taken into
» 5.27 HNS detection and consideration:
of analysis methods -Documentation and record-kee-
é . . ' ping: these aspects are imgortant
W - Response techniques: in combina- from the very the beginning of
g tion with monitoring, two types of the response and become crucial
intervention can be distinguished: during the claims process.
OVessel-oriented actions - » 6.1 Claim process

direct interventions on the
vessel such as:

FACT SHEETS
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- Post-spill monitoring: necessary to
assess environmental damage and
decide upon measures for environ-
mental restoration and recovery.

» 6.2 Environmental restoration

and recovery

- Incident review and lessons learnt:
identify strengths and weaknesses
of the response, implement
changes to the contingency plan.
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» 5.13 Response considerations:

Gases and evaporators
» 5.14 Response considerations:

Floaters
» 5.15 Response considerations:

Dissolvers
» 5.16 Response considerations:

Sinkers



5.2 Overview of possible response options
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5.3 Notification and information gathering

5.3.1 Notification

Notification of an incident involving HNS

can be received via:

* ship reporting system produced by the
captain of the casualty or a responding
or passing vessel;

e Pollution Report (POLREP) by a coastal
state as part of their intergovernmental
pollution notification system
» 5.1 Incident notification

* pollution observation report/detec-
tion log produced by a trained aerial
observer » 5.1 Incident notification

* automated spill response notifications
(satellite-based surveillance);

5.3.2 Data gathering

Once the initial incident notification has
been received, it is crucial for decision-ma-
kers and responders to gather objective
information about the case to support the
first response actions » 5.18 First actions
(responders). Initially, data might be scarce
and difficult to verify. However, with time
and access to various information sources,
the overall understanding of the situation
increases. The quantity of incoming infor-
mation might be challenging to verify,
prioritise and filter.

All information should be funnelled and
relayed to the Command Centre, which
is in charge of analysing it and passing it
Once the initial incident notification has
been received, it is crucial for decision-ma-
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e unofficial written/verbal reports from
members of the general public (report
of visually observed pollution in port
for example).

The level of detail of any initial report will
be dependent on whether there is a direct
link between the pollution observed and
the polluter: if there is no attributable
source to the pollution observed, informa-
tion about the type of cargo spilled will not
be immediately available but instead will
need to be gathered by first responders
on site through monitoring and sampling

(Chapter 5.6).

kers and responders to gather objective
information about the case to support the
first response actions P 5.18 First actions
(responders). Initially, data might be scarce
and difficult to verify. However, with time
and access to various information sources,
the overall understanding of the situation
increases. The quantity of incoming infor-
mation might be challenging to verify,
prioritise and filter.

All information should be funnelled and
relayed to the Command Centre, which
is in charge of analysing it and passing it
on to responders » 4.3 Internal commu-
nication and to the relevant stakeholders
» 4.1 External communication.
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There are two types of data that can be
collected:

Information specific to the incident that
could not have been known ahead of
time:

Responders should aim to obtain essential
information on the location of the incident
and the status of the vessel, bunkers and
cargo, as well as in-situ meteorological
data, as quickly as possible.

» 5.2 Incident data gathering

The first information likely to be received
would be from the captain and the vessel’s
crew as they follow the procedures out-
lined in the Shipboard Marine Pollution
Emergency Plan (SMPEP), which includes
reporting requirements, response proto-
cols/procedures and national and local
contact points.

» 5.17 First actions (casualty).

Shipping documents such as Cargo Cer-
tificate/Shipper’s Declaration/Dangerous
Good Declaration and the appropriate
SDS are the best initial sources of infor-
mation for substance-specific information.
» 5.4 Packaged goods identification

5.4 Decision-making

Information on resources:

Additional information, that could be
collected prior to an incident, might be
required to complement the reports
obtained directly from the incident in order
to aid the design and implementation of
the response strategy » 5.3 Information
resources. HNS contingency plans
(Chapter 4) should include an information
resource directory covering human
health and safety issues » 5.20 Personal
protective equipment and environmental
resources (Environmental Sensitivity Index
maps) and should make reference to
operational response guides.

In order to assist in predicting the fate/
behaviour and trajectory of a spilled
substance, software models can be use-
ful throughout the response » 5.11 HNS
spill modelling. Modelling results can add
valuable information to the decision-ma-
king process with regard to first actions
and emergency response measures »5.19
Safety zones. However, modelling results
need to be verified in situ and the general
rule applies that any model result is only as
good as the underlying data.

5.4.1 Who is in charge of decision-making?

The Incident Commander establishes the
strategy to be followed to stop the spill
and mitigate impacts. For this purpose,
they are in charge of announcing com-
mand and immediate priorities and appro-
ves the Incident Action Plan. They are also
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responsible for ordering demobilisation.
They are also the focal point for deciding
on the release of information through the
Public Information Officer.
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An Incident Action Plan (IAP) is established in order to convert the overall

strategy, goals and objectives into tactics. The IAP represents a roadmap to
guide the implementation of actions. Just as the situation should be regu-
larly reassessed, the IAP should also be periodically updated.

5.4.2 Decision-making dynamics within the Incident

Management Team

The decision-making process should not
be improvised (Chapter 4). As far as pos-
sible, the structure, organisation, resources
(human and material) and procedures
must have been prepared and included in
the contingency plan as a reference docu-
ment. The exercises organised beforehand
must have made it possible to evaluate the
response capacity in the face of realistic
HNS spill scenarios.

However, every incident is unique and the
incident management team will have to
make important decisions in a context of
potentially high pressure, especially from
media or political leaders. It will be neces-
sary to make crucial decisions quickly,
sometimes with a very incomplete picture
of the situation. The Incident Management
Team must be capable of making reaso-
nable decisions, tailored to the situation
and the extent of the pollution (Tier 1, 2
or 3).

5.4.2.1 Escalation

Information obtained through notification
» 5.1 Incident notification and data gathe-
ring »5.2 Incident data gathering can be
crucial to support the situation assessment
» 5.5 Situation assessment. During the first
moments following the incident, the situa-
tion assessment may both be limited and
offer an opportunity to trigger first actions
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that could drastically mitigate the impact
of the HNS spill. Indeed, certain provisio-
nal measures, mostly based on real risks
or the possible worsening of the situation,
could be implemented, especially when
previously identified in the contingency
plan.

Risks can be generated by the HNS trans-
ported but also by the bunkers. Itis impor-
tant to note that the propulsion fuels cur-
rently in use may be of different natures.
The risks and behaviour of these products
must therefore be taken into account, as
well as possible mixtures or reactions with
a cargo of HNS, or interactions related to
environmental conditions (e.g. contact
between a gas and a nearby source of
ignition). With this in mind, a sheet is pro-
vided on a propulsion fuel which is beco-
ming very widely used: » 5.10 LNG.

Considering these aspects, the first actions
are mostly orientated towards protecting
the population, the environment or ame-
nities. Examples of first actions to respond
to the HNS are stopping the leakage or
mitigating the extent or the impact of the
spill. A decision tree based on hazards is
presented in the following figure and can
trigger first actions » 5.17 First actions

(casualty).
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Decision-tree based on hazards

Notification

Is name of the HNS

Yes lWhat are the risks?|

involved known? —Yi |Is SDS available?l

No lNo

Is any other Is there any
information contact infor-
available? Yes mation of the | /¢S
UN number/ manufacturer?
Pictogram
known?
No
J/No
See Chapter Consult See Chapter Ask for safety
2.6.2 Monitoring Emergency  2.6.2 Monitoring  instructions
Response to the
Guide manufacturer

If possible, consider activation of MAR-ICE*

Activate MAR-ICE- Network EMSA
Check Who can use the MAR-ICE service?

|
Eptosve Nii)]  [Resctiy] [Cormoe]

5.6 Response 5.7 Response 5.9 Response 5.8 Response
considerations: ~ considerations:  considerations:  considerations:
Flammable Toxic Reactive Corrosive
and explosive substances substances substances

substances

Upon request obtain:
- MAR-ICE Level 1: Information and specialist advice,
- MAR-ICE Level 2: Mobilisation of an industrial chemical expert

Figure 32: Decision tree based on hazards

*MAR-ICE offers a 24/7 remote information service on chemicals in the event of a maritime emergency. Product and inci-
dent-specific information and advice on chemical products and their associated risks are provided within 1 hour of the

request and more detailed information shortly thereafter

Modelling is a decision support tool that
can provide relevant information for the
decision-making process and can be a
high priority, especially when the risks for
the population or environment require to
be assessed in more detail.

»5.11 HNS spill modelling.

When an incident occurs with HNS that are
not classified as dangerous goods, their
release in water or storage in improper
conditions may nonetheless create risky
conditions for responders or the popula-
tion. Such substances should also be tho-
roughly considered.

» 5.12 Non dangerous goods cargo
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5.4.2.2 Feedback loop for deci-
sion-making based on hazards and
response

Throughout the management of the HNS
incident, the decision-making process
should integrate a continuous assessment
of the risks and behaviour.

Every new or relevant output from the
situation itself (for instance weather
conditions) or from actions implemented
(for instance stopping of leakage) can
provide input for information gathering.
The situation assessment can therefore be
conducted at regular intervals or triggered
by a particular event in the field and may
lead to new decision-making.

© Cedre
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Knowledge of both chemical hazards and
behaviour represents decisive informa-
tion required to drive the response with
the most suitable approach. Indeed the
response tactics are mostly based on the
behaviour of the chemical, while hazards

must be considered with the greatest of
care to continue to conduct the response
in safe conditions. Flowcharts have been
established to help decision-makers to
select possible techniques to respond to
the vessel or the pollutant (Chapter 5.2).

What is the behaviour of the chemical?

Gas Evaporator Floater

Dissolver Sinker Packaged goods

5.13 Response considerations: 5.14 Response

5.15 Response

5.16 Response 5.41 Packaged

Gases and evaporators considerations:

considerations:

considerations: goods response

Floaters

Dissolvers

Sinkers

Figure 33: Decision tree to access flowchart based on behaviour

All the efforts deployed during the res-
ponse should aim to ultimately return the
scene to normal or acceptable pre-emer-
gency conditions. Moreover, the response
tactics and techniques used must not be
more harmful to the environment than the
pollutant itself. The guidelines defined
by the Incident Action Plan should meet
stakeholders’ expectations as far as pos-
sible and seek their agreement through
a collaborative approach. However,
agreement can lead to significant delays
in decision making, for instance when
stakeholders are numerous. In case of
disagreement, the Incident Commander is

Specific
Measurable

Action oriented

responsible for deciding on the best way
forward.

While the strategy represents a guide-
line, the actions implemented for the res-
ponse are based on the tactics defined.
The On-scene Commander is responsible
for the management of tactical opera-
tions, including supervision of operations,
management of resources, consolidation
of divisions bordering on overload and
coordination of simultaneous operations.
The objectives should meet the SMART
criteria:

Instructions must be clear, as well as for as must the description
of activities and logistics. They must cover correspond to a set

of time called an operational period (hours, day, etc.) and be

Realistic

Timely

65 - Marine HNS Response Manual

regularly updated during the response and its evolution.
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5.5 First actions

First actions cover all actions that should
be implemented at an early stage after
notification of an HNS incident as soon as
they are deemed necessary and can be
implemented in safe conditions. The aim
is to deploy a response team in the field in
order to immediately mitigate the poten-
tial impact on human lives, the environ-
ment and amenities.

5.6 On-scene response

5.6.1 Protection

Decision-making must necessarily take
into consideration what equipment is sui-
table to be used in response to an HNS
spill. During an HNS spill it is necessary to
devote greater attention to the choice of
suitable Personal protective equipment
(PPE) for the protection of responders,
considering the different hazards that
numerous substances present. Moreover,
the choice of equipment always needs to
take into consideration chemical compati-
bility with the substance involved.

It is essential that the contingency plan
(Chapter 4) foresees how to obtain the
appropriate PPE, related stockpiles and
that involved personnel is trained in its use.
Particular attention must be paid to main-
tenance as this is often delicate equipment
which, if necessary, must be immediately
ready for use.

» 4.6 Acquisition and maintenance

It is necessary to appoint, and include in
the contingency plan (Chapter 4), a person
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» 5.17 First actions (casualty)
» 5.18 First actions (responders)
» 5.19 Safety zones

in charge of the management of PPE and a
health and safety officer to ensure the cor-
rect use of equipment, especially PPE.
» 5.20 Personal protective equipment

Every time equipment is used, the subse-
quent decontamination phase, as well as
waste management, should be conside-
red.

» 5.21 Decontamination

» 4.4 Waste management

The main objective of the decontamination
phase is to remove or neutralise contami-
nants that have accumulated on personnel
and equipment, reducing risks inherent to
the presence of toxic substances on the
Personal protective equipment of res-
ponders. The method used involves neu-
tralising the toxicity of the chemical subs-
tance(s) present and washing equipment
with water or a cleaning agent. Decontami-
nation operations must be managed and
carried out by trained personnel.
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5.6.2 Monitoring

Assessment of the extent and severity of
impacted environmental compartments is
based on three main components of moni-
toring methods (Figure 34).

These monitoring systems are comple-
mentary and might all need to be conside-
red during a response. Indeed, remotely
sensed data needs to be verified with in
situ data, while models rely on in situ mea-
surements and remote sensing. The inte-
gration or consultation of environmental
monitoring experts in the Incident Mana-
gement Team is recommended. The objec-
tive is to help decision-makers to provide
information to allow for a rapid response
in case of an HNS incident.

5.6.2.1 Modelling

Computer-based HNS fate, behaviour and
trajectory are used to predict and prepare
for potential impacts. However, the level
of relevance and reliability depends, on
the one hand, on the capability and relia-
bility of the modelling software and, on the
other hand, on information gathered as
input for the model (Chapter 5.3). To vali-
date the outputs from modelling, it is thus
necessary to obtain quantified field data,
either by remote sensing or by measure-
ments obtained via in situ measurements
or sampling and analysis.

» 5.11 HNS spill modelling

5.6.2.2 Remote sensing

Existing remote sensors used to detect
and map oil spills may be used to detect
floating HNS or packaged goods. For HNS
with other types of behaviour, remote sen-
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Remote
sensing

Measurements
and analyses

Modelling

Figure 34: Three main components of surveying
and monitoring

sing still remains challenging. For instance
the kinetics dissemination of a vapour
cloud is too fast to be detected easily with
satellite detection. However emerging
technologies, such as autonomous sen-
sors integrated on Remotely Piloted Air-
craft Systems (RPAS), may be promising to
improve the detection of HNS. The deve-
lopment of innovative and miniaturised
sensors may offer the possibility to iden-
tify a wider range of HNS and, their inte-
gration on RPAS will improve the capacity
to detect HNS, avoiding direct exposure
to responders in the field, especially for
explosive, flammable or toxic plumes. In
the aquatic compartment, remote sen-
sing may be possible with active sonar
to detect sinker HNS or packages on the
seabed, or some floating HNS.

» 5.22 Remote sensing technologies

» 5.23 Substance marking

» 5.24 Remotely operated vehicles
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5.6.2.3 Measurements and
analyses

Both in situ and laboratory analysis, descri-
bed hereafter, may sometime be used to
obtain different level of information or for
different purpose. For instance a rough or
qualitative analysis performed in situ may
be useful to get first operational informa-
tion while further sampling and analysis at
laboratory may appear necessary to obtain
more accurate information. As much as
possible duplication of efforts should be
avoided and anticipated through prepare-
dness (See Chapter 4).

* In situ analysis
In-situ analysis can be carried out provided
that certain requirements can be met. The
performance of the detector must be suffi-
cient in relation to the expected measure-
ment result (For instance limit of detection
or accuracy) but it must also be able to
operate under possibly harsh conditions
and over a given period of time.
» 5.27 HNS detection and analysis
methods

The use of portable or miniaturised detec-
tors has been largely developed over
recent decades and on-going improve-
ments should be expected in the coming
years, offering a greater response capacity
for responders and more reactivity for the
Incident Management Team.

Ensuring the health and safety of all res-
ponders during an incident should be the
highest priority of the response. Incidents
involving HNS can frequently involve subs-
tances in a gaseous state, increasing the
risk when conducting search and rescue
operations, entering confined spaces, or
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working in the vicinity of the spill. The-
refore, anyone responding to the inci-
dent, especially those first on the scene,
should be adequately protected » 5.20
Personal protective equipment. Portable
gas monitors are one of the key equip-
ment to assess the level of protection.

» 5.25 Portable gas detectors for first

responders

e Laboratory analysis

Sampling for future laboratory analysis

may be required or desired for a variety of

reasons, some of which are listed below:

- In situ analysis might not possible for
technical reasons (e.g. lack of portable
equipment for analysis, time limitations,
risky or harsh conditions in the field);

- The chain of custody for liability inves-
tigations might require specific proce-
dures excluding in situ analysis;

- The chemical of interest is unknown;

» 5.26 Sampling techniques and
protocols

» 5.27 HNS detection and analysis
methods

5.6.2.4 Implementation
of monitoring

5.6.2.4.1 Why monitor?

Monitoring should be implemented as
soon as possible after notification and
might potentially be continued throughout
the emergency response phase and
during post-spill monitoring. The following
figure shows the reasons for monitoring
during different phases of the incident
management.
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RISK ASSESSMENT

¢ Define (and reassess) zoning

¢ Decide on evacuation or shelter-in-place
e Select PPE

® Prevent risks for responders

RESPONSE

¢ Check safe conditions for responders
* Proritize types of intervention

e Verify efficiency of response

¢ Determine penal liability

e Advise on end point

POST SPILL

® Environmental monitoring
® Restoration

e Assess impacted area and activities
o Confirm presence/absence of pollutant

® Map concentration of pollutant
® Verify/compare with modelling outputs
e Communication

* Communication

® Waste disposal

® Marking of containers for tracking
e Drifter buoys to track floating spills

e Authorise (or not) closed location or activites
* Assess damages and compensation
¢ Communication

Figure 35: Objectives of monitoring for different phases of the response

5.6.2.4.2 Who is responsible for
monitoring?

The objectives of monitoring mentioned
earlier must be prioritised and integrated
in a coordinated monitoring programme
to avoid duplication of work, as well as
to avoid missing chances of important
measurements. The strategy must be led
by a Monitoring Coordinator and should
be built in a collaborative effort between
experts and with the advisory opinion of
possible third parties. It must be accepted
that the survey strategy may continue after
the response phase and will cover long-
term clean-up or environmental follow-up.
The Environmental Monitoring Coordina-
tor should continue their activity during
the whole period, including post-spill. The
objective is to gather information poten-
tially from multiple sources or various
locations over a period of time to obtain
a better/more accurate overview of the
situation.

To implement the monitoring strategy,
different duties fall under the responsibility
of the Environmental Monitoring Coordi-
nator, among them:

69 - Marine HNS Response Manual

establish a plan for documentation
of the work and introduce a “chain of
custody”;

make arrangements for appropriate
monitoring if health risks are liable to
occur;

make sure that necessary measure-
ments can be taken concerning the
extent, severity and accuracy of both
the spill and contaminated items as
well as suspected sources;

judge whether special examinations of
the spill are needed to facilitate spill
response measures;

judge if short-term and/or long-term
environmental impact may be expec-
ted. If so, contact the appropriate
agencies;

judge whether special examinations
and analyses are needed when provi-
ding for general and specific needs for
information;

contact responsible bodies for trans-
port and disposal. Check what special
information is needed in this context
and make arrangements for relevant
analyses.

© Cedre
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5.6.2.4.3 Where should monitoring
be performed?

As explained in Chapter 3, HNS can exhi-
bit one or several behaviours that result in
them distributing to different environmen-
tal compartments e.g. the atmosphere,
water surface, water column, seabed or
shoreline. In addition to the behaviour of
the chemical and its toxicological data, the
location of the incident and the correspon-
ding ecosystem can specifically affect bio-
ta (flora or fauna).

From the location of the incident, the
short-term behaviour of the chemical
(SEBC), the forecast modelling outputs or
the expected fate, a sampling strategy may
be established. It will detail the number
and location of analyses to be performed
for each parameter to monitor (chemi-
cal, temperature, etc.) making it possible

to compare values, interpret and achieve
the set objectives. It allows the creation of
iso-concentration curves (isoclines) that
will indicate the fluctuation of a pollutant
in space and time.

5.6.2.4.4 Preparation of a
monitoring strategy

Depending on the objective and beha-
viour of the chemical, the proper method
for sampling or analysing will need to be
selected.

Monitoring can occur at different stages
of the incident management, from the
very beginning after the HNS spill up to
Post-spill stage, and can be implemented
under various ways. It is essential to select
the type of measurement: what must be
monitored with what type of detection
device? The target product should be the

Atmosphere
(Assess extent
of explosive,
flammable or toxic

plumes)

Water surface

(Locate slicks Where
to monitor ?

or drifting packages
Assess extent of slick)

Water column
(Assess extent of
dissolved pollutant
clouds
Locate pollutant
or packages
on the seabed)

Seabed or
shoreline
(Assess possible,
burying, adsorption
or release
of chemicals)

Figure 36: Environmental compartments and corresponding measurement objectives
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chemical spilled or, when not possible or
more relevant, any other chemical or bio-
logical indicators and reflecting the level
of pollution. The analytical method used
should reflect the presence of pollutant.
A critical analysis must be done on the
results to determine whether they accura-
tely reflect reality. For example, interfering
compounds or parameters may cause the
output to vary. Field data can be collected
either by in situ analysis or by sampling
followed by analysis in the laboratory.
During the response phase it is important,
possibly urgent depending especially on
the spilled substance, to perform measure-
ments to assess the situation and decide
on suitable counter-measures.

Beforehand, it is important to have identi-
fied, within the contingency plan or at least
during the planning stage, procedures and
resources able to perform analysis, for ins-
tance with sampling protocols, guidelines
or expert input. Three main types of strate-
gy, if possible combined, can be used to

5.6.3 Response techniques

When intervention is possible, different
response techniques can be used depen-
ding on the behaviour(s) and the hazard(s)
of the substances released. The range of
counter pollution measures to be applied
depends on the type and characteristics
of the pollutant, the form in which it is
transported, as well as the overall situation
(vessel status, weather conditions, envi-
ronmental sensitivities). Nevertheless, in
all cases, their main goals are to minimise
the risks created by the incident, to protect
people, the environment and human acti-
vities, and to restore the affected zone to
as close as possible to its pre-emergency
conditions.
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establish an impact assessment following

an HNS spill:

e comparison of post-incident data with
pre-incident data;

e comparison of data from impacted
sites with data from reference sites;

® analysis of post-incident data moni-
tored over a period of time to describe
the recovery process.

Once the monitoring strategy has been

decided, sampling should be performed

as soon as possible as preserving sample

may be possible (for instance by freezing

them) before determining a parameter to

be measured at a later stage.

Selection of type of detection
» 5.22 Remote sensing technologies
» 5.25 Portable gas detectors
for first responders
» 5.26 Sampling techniques
and protocols
» 5.27 HNS detection and analysis
methods

» 6.2 Environmental restoration and
recovery

If the risk for operators is high, the option
of leaving the pollutant in the environment
must always be given consideration and,
if safe, a monitoring plan could be putin
place (See 5.6.2 Monitoring).
» 5.36 Maintain in the environment

and monitoring

If intervention is considered feasible, res-

ponse techniques could be divided in two

categories:

e vessel-oriented actions, namely inter-
ventions on the stricken vessel;
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e pollutant-oriented actions, control dis-
persion, spreading/diffusion and reco-
very of the pollutant.

5.6.3.1 Vessel-oriented actions

These are generally among the first
actions to be considered. The suggested
techniques can generally be applied
regardless of the behaviour of the subs-
tances involved. The status of the ship, the
hazards of the substance(s), the environ-
mental and weather conditions and the
availability of the means and the necessary
equipment are key considerations in this
phase.

» 5.28 Emergency boarding

» 5.29 Emergency towing

» 5.30 Places of refuge

» 5.31 Cargo transfer

» 5.32 Sealing and plugging

» 5.33 Wreck response

5.6.3.2 Pollutant-oriented actions

Techniques to control the pollutant, its dis-
persion, spread and diffusion will depend
on the location of the incident: open sea,
harbour or coastal area. Controlled release
tends to be applicable in the open sea, far
from populated or sensitive areas, and can
be applied regardless of the behaviour of
the substance involved. Techniques for the
reduction and control of vapours (water
curtains and use of foams) can be applied
both in port areas and in coastal areas,
especially to protect the nearby popula-
tion, as well as in the open sea, to allow
intervention by the response team.
» 5.34 Using water curtain
» 5.35 Using foam
» 5.36 Maintain in the environment

and monitoring
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Response actions to contain and reco-
ver pollutants spilled in marine environ-
ment are highly dependent on the beha-
viour and the hazards of the substance(s)
involved. In general terms, containment
and recovery are possible especially in
the case of substances that float or sink
as their main behaviour. In general terms,
containment and recovery can be effective
if the substance remains at sea for more
than a few days, otherwise it is useless to
plan such operations, considering the time
needed to reach the area with the neces-
sary equipment.
» 5.37 Using sorbents
» 5.38 HNS response in the water column
» 5.39 HNS response on the seabed
» 5.40 HNS response on the shore
» 5.41 Packaged goods response
» 5.42 Containment techniques: Booms
» 5.43 Recovery technigues:

Pumps and skimmers

Above all, response actions involving the
recovery of products on board the ship or
spilled at sea will determine the produc-
tion of waste, whose management must
be taken into consideration well before
the response techniques are put in place.
It is important that waste management
is included in the contingency plan with
consideration of all the phases of the
waste cycle: recovery, storage, transport,
treatment, and disposal of waste.

» 4.4 Waste management

Intervention on marine wildlife should
always be taken into consideration; marine
wildlife can be affected by a spill of HNS.
The intervention protocols are in many
cases similar to those followed during an
oil spill emergency

» 5.44 Wildlife response
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n POST-SPILL MANAGEMENT

6.1 Documenting, recording and recovering costs
incurred during a ship-source HNS incident

A marine spill involving HNS can cause
significant loss or damage to a variety of
organisations and individuals: HNS may
cause harm to human health, environment,
damage to property and lead to econo-

mic loss. Despite the best efforts of those
concerned, the clean-up can be protrac-
ted and costly. Those placed at a financial
disadvantage as a result of an HNS spill
may be eligible for compensation.

6.1.1 Legislation - Legal basis for compensation

International legislation

At this point in time, there is no internatio-
nal convention in force governing com-
pensation from marine HNS spills (a gap
that the HNS Convention, see below, aims
to close). Therefore, in the case of an inci-
dent, compensation will be dependent
upon national legislation but may be sub-
ject to limitation under the global limita-
tion regime by virtue of LLMC. It is there-
fore essential that the national contingen-
cy plan clearly states the sources of com-
pensation available and the legislation that
would be applicable, known by all.

National legislation

Liability and compensation for loss or
damage caused by hazardous and noxious
substances transported by sea current-
ly depends on national legislation, and
applicable international conventions. As
a result, liability and compensation vary
widely.

This may mean that, in the absence of spe-
cific legislation or strict liability, potential
claimants may be required to prove fault
on the part of the shipowner and that com-
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pensation will be limited to any damages
recovered from the shipowner. The shi-
powner may be entitled to limit liability
under applicable national or international
regimes such as under the Convention on
Limitation of Liability for Maritime Claims
(LLMC) (IMO, 1996). The 1996 Protocol, as
amended, is in force in 61 countries, with
the earlier 1976 Convention solely in force
in a further 20 countries.

Limitation of Liability
for Maritime Claims

LLMC Convention cover

The LLMC Conventions allows the shi-
powners or salvors of a sea-going ship
to establish limitation for a wide range of
maritime claims, with the exception of cer-
tain circumstances, including those that
may arise out of an HNS incident, such as:



e claims for loss of life and personal inju-
ry;

e claims for loss or damage to property;

e claims in respect of the raising,
removal, destruction or the rende-
ring harmless of a ship which is sunk,
wrecked, stranded or abandoned,
including anything that is or has been
on board such a ship;

e claims in respect of the removal, des-
truction or the rendering harmless
of the cargo of the ship (which could
cover HNS cargo in bulk or packaged

e claims for clean-up costs in respect of
measures taken to avert or minimise
loss and further loss caused by these
measures.

The Convention sets two separate limits

for claims related to:

1. loss of life or personal injury

2. other claims (e.g. property claims, eco-
nomic loss)

Liability is limited to an amount dependent
on the size of the ship.

Liability limits for five vessel
sizes (approx.US$)

2,000GT = $2.1 million

10,000GT = $8.8 million
50,000GT = $38.4 million
100,000GT = $63.8 million
200,000GT = $106 million

2,000GT = $4.1 million
10,000GT = $17.3 million

form);
LLMC Protocol
1996 as Shipowner’s limit of liability (approximate US$)
amended
The limit of liability for property claims i.e. excluding loss of
life and personal injury, for ships not exceeding 2,000 gross
tonnage is SDR 1.51 million SDR ($2.1 million).
Property For Iarg.er shipsf the fpllowing additional amounts are used in
calculating the limitation amount:
® For each tonne from 2,001 to 30,000 tonnes, 604 SDR ($845)
® For each tonne from 30,001 to 70,000 tonnes, 453 SDR ($630)
® For each tonne in excess of 70,000 tonnes, 302 SDR ($420).
The separate limit of liability for loss of life or personal injury
claims for ships not exceeding 2,000 gross tonnage is SDR 3,02
million ($4.1 million).
For larger ships, the following additional amounts are used in
Loss of life/

e calculating the limitation amount:
Personal injury

($1,662)

e For each tonne from 30,001 to 70,000 tonnes, 906 SDR

($1,246)

e For each tonne from 2,001 to 30,000 tonnes, 1,208 SDR

50,000GT = $75.5 million
100,000GT = $125.4 million
200,000GT = $291.6 million

e For each tonne in excess of 70,000, 604 SDR ($831)

Table 8: Shipowner’s liability limits under the amendments to the LLMC 1996 Protocol (SDR: Special Drawing Rights.
The daily conversion rates for Special Drawing Rights (SDRs) can be found on the International Monetary Fund (IMF).

In the event of an HNS incident, the appli-
cable legislation will set out the provisions
addressing liability and compensation.
These may include information regarding
the timeframe within which claims should
be made. Should the shipowner be liable
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by law to provide compensation to those
who suffered loss or damage as a result
of the incident, third party claims will nor-
mally be covered by the P&l insurer of the
ship.
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6.1.2 Protection & Indemnity (P&l) Club/ The insurer

Claims for compensation should be made
in the first instance to the shipowner or to
the insurer of the vessel's third party liabili-
ties, usually a Protection & Indemnity (P&l)
Club. The shipowner’s P&l Club will provi-
de insurance cover for ship sourced pol-
lution damage and will handle and assess
any pollution damage claims accordingly,
and up to an amount set by relevant inter-
national conventions (often with a direct
liability on the insurer/P&| Club where this
is the case) or by national legislation.

The 13 P&l Clubs that are members of

the International Group of P&l Clubs (IG),

between them, provide cover for approxi-

mately 90% of the world’'s ocean-going

tonnage. These P&l Clubs provide cover

on behalf of their shipowner and charterer

members for a wide range of third party

liabilities relating to the operation of ships,

including:

* loss of life and personal injury to crew,
passengers and others on board;

e cargo loss and damage;

e pollution by oil and other hazardous
substances;

e wreck removal, collision and damage
to property.

P&l Clubs also provide a wide range of
services to their members on claims, legal
issues and loss prevention, and often
play a leading role in the management of
casualties. P&l Clubs are non-profit mutual
(i.e. cooperative) insurance associations
enabling shipowners to share risk and the
payment of claims.

A number of commercial vessels, many
of which operate solely in domestic mar-

kets, are insured for third party liabilities by
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other, usually smaller, P&l providers either
on a mutual or fixed-premium basis. Milita-
ry vessels as well as other government ves-
sels, including warships and other vessels
on military duty or charter, usually operate
outside established P&l and other com-
mercial insurance.

Sinking of levoli Sun

In the event of a large incident where the
total cost of claims exceeds the compen-
sation available from the shipowner, the
settled claims may be pro-rated to the
maximum amount available. Compensa-
tion to supplement money available from
a vessel’s insurer may be available from
other sources, including international and
domestic funds.

Examples of HNS incidents where com-
pensation was provided by the shipowner
and P&l insurer: levoli Sun, chemical tan-
ker incident in France, 2000.

6.1.2.1 HNS Convention and its
2010 Protocol

At the time of writing, the HNS Convention
(its 2010 Protocol) is not yet in force. When
in force, the HNS Fund will be a potential
source of additional compensation for the
ratifying countries, in addition to poten-
tial money available from the shipowner'’s
insurer (IMO, 2010).




The 2010 HNS Convention will cover
damage caused by HNS within the Econo-
mic Exclusion Zone (EEZ) of a country in
which the Convention is in force, as well as
damage caused by HNS carried on board
ships registered in, or entitled to fly the
flag of, a signatory country outside the ter-
ritory of any State (country). Compensation
will be available for pollution damage and
damage caused by other risks, e.g. fire and
explosion, for loss of life or personal inju-
ry on board or outside the ship carrying
HNS, damage to property outside the ship,
damage caused by contamination of the
environment, loss of income in fishing, tou-
rism and other economic sectors, and the
costs of preventive measures.

Where damage is caused by HNS in bulk,
the shipowner will normally be able to
limit their financial liability to an amount
between 10 million and 100 million SDR
(approximately US$15 million to US$150
million), depending on the gross tonnage
of the ship. Where damage is caused by
packaged HNS, the maximum liability for
the shipowner is 115 million SDR (approxi-
mately US$175 million), also dependent
on the vessel's gross tonnage. The HNS
Fund will provide an additional tier of
compensation up to a maximum of 250
million SDR (approximately US$380 mil-
lion), including any amount paid by the
shipowner and their insurer.

Once in force, claims under the HNS
Convention should be submitted within
three years of the damage or ten years of
the date of the incident, whichever is soo-
ner.
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6.1.2.2 European Union -
Environmental Liability Directive

The 2004 Environmental Liability Direc-
tive (ELD) establishes a framework of lia-
bility and compensation for environmental
damage only (excluding personal injury,
property damage or economic loss claims)
caused by potentially polluting commer-
cial operations within the Member States
of the European Union and EEA (and as
such, not exclusive to marine HNS inci-
dents). The operator is liable for costs
incurred either by the operator or by the
competent authority within the Member
State in preventing or remediating envi-
ronmental damage. Remedying of envi-
ronmental damage, in relation to water
or protected species or natural habitats,
is achieved through the restoration of the
environment to its baseline condition by
way of primary, complementary and com-
pensatory remediation.

Implementation of the Directive was com-
pleted across the EU in 2010. The ELD has
been amended three times subsequent-
ly to broaden the scope of strict liability
and of damage to marine waters. The ELD
does not apply to incidents covered by
the international conventions where those
Conventions are in force). Therefore, when
the HNS Convention will enter in force,
incidents subject to it will be expressly
excluded from the scope of the ELD.
However, in those Member States of the
EU that are not signatory to a convention,
or where a convention is not in force, the
ELD may be applicable. The ELD does not
prejudice the right of the operator to limit
liability under the LLMC.

Examples of incident where it applied:
none yet related to any maritime incident.


https://ec.europa.eu/environment/legal/liability/
https://ec.europa.eu/environment/legal/liability/
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6.1.3 Type of claims

There are four main categories of claims in
general arising from an HNS incident:

¢ Clean-up and preventive measures

Cost will be incurred as the result of the
deployment of resources to prevent/mini-
mise pollution damage, protect sensitive
areas and carry out clean-up response.
Activities such as aerial observation, at-sea
response, and shoreline clean-up all fall
under this category as well as the person-
nel engaged for carrying out this work.

* Property damage

Property damage may arise for cleaning,
repairing or replacing items damaged by
the chemicals or as a result of clean-up
activities (e.g. damage to roads used for
access by workers).

e Economic losses (pure economic

losses, consequential economic loss)
A spill may impact companies, individuals
or organisations in a different way: either
pure economic loss when no damage to
the property has occurred (e.g. beach
access blocked by response activities,
business interruption) or consequential
economic loss when the spill has directly
damaged assets (e.g. fishing nets).

e Environmental monitoring, damage
and restoration

These claims are related to monitoring,

impact assessment studies and possibly

restoration studies.

6.1.4 The claims process

Anyone who has suffered a loss or damage
as a result of an incident, provided a link of
causation can be established, is entitled
to submit a claim. Claimants can file either
an individual claim or submit it as a group
(group of municipalities or consolidated
government claims) to the relevant paying
parties. Ultimately, it is the responsibility of
the claimants to prove their loss.
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Detailed information on the preparation
and submission of claims in general can
be found in a number of claim manuals
(e.g. EMSA 2019, MCA). Whilst the IOPC
Funds’ claims manuals (IOPC Funds, 2019)
are specifically tailored for oil pollution
damage resulting from spills of persistent
oil from tankers, they provide helpful gui-
dance for other incidents outside of their
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scope (IOPC Funds, 2019). Good prac-
tice recommendations can be found in
the sheet > 6.1 Claims process. The entity
paying compensation may send a repre-
sentative on site and may appoint experts
to provide advice on claim submission to
those involved in the incident. If the inci-
dent is likely to generate a large number
of claims, the insurers are likely to set up a
local claim office to help, collect and guide
the submission of the claims.

Before and during an incident, key steps
should be followed to ensure all necessa-
ry documentation for recovering costs is
recorded and can be submitted promptly
(ITOPF, 2014).

When drafting and updating the national
contingency plan, clear guidance should
be included on cost recovery, the impor-
tance of on-going recording of costs incur-
red and evidencing such, and the depart-
ment in charge of this aspect.

During an incident, it is recommended to
keep and document all records of acti-
vities, damage and actions undertaken.
Together with early engagement with
the compensating body, these are key to
ensure a smooth claim submission process
and a common understanding by both
parties of the issues that would naturally
arise during an incident.

The claim submission and assessment are

an iterative process between the parties
until a suitable settlement can be reached.
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Incident

\

Record keeping

Vessel insurer
identification

Cost incurred
or loss suffered

Claim notification
Claim compilation

Claim submission

Claim review/queries
to claimants

\;

Assessment

\;

Settlement

© ITOPF

Figure 37: From incident to settlement: the claim process



6.1.5 Summary

e All costs should be fully identified, recorded and supported at the time they are
incurred as ultimately, it is the responsibility of the claimants to prove their loss.

INTRODUCTION

® The sources of compensation should be identified and engagement with their
representatives should be made at an early stage.

e Understanding the types of costs that are admissible under the applicable
regimes is key to the submission of claims.

IMO CONVENTIONS
PROTOCOLS AND CODES

e Early engagement with the compensating body will facilitate the assessment
and is likely to speed up the settlement process.

e The compilation of the claim and its submission to the paying party may have to

HNS BEHAVIOURS
AND HAZARDS

be done quickly.

e The process leading to settlement is iterative and can be lengthy.

A 6.2 Post-spill monitoring

% P'ostjsp||| monitoring is a very useful acti- It.|s e.s.peually necessary in case of spills gf

L] vity, in order to evaluate the: significant quantities of pollutants and in

- * environmental consequences of an the case of permanent substances in the
HNS spill and the extension of the marine environment and/or products with
effects both in space and in time; long-term effects (e.g. mutagenicity and

§ * natural recovery of the environment carcinogenicity effects).

o involved as well as the effectiveness of

i any restoration and recovery activities To perform good post-spill monitoring, the
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and assess when these activities are
considered to be complete.
» 6.2 Environmental restoration and

recovery

This is a very complex matter, therefore it
could be considered in a post-spill moni-
toring guide included in the contingency
plan to define the objectives to be achie-
ved and strategies for sampling, transport
and analysis of sediment samples, water
and marine organisms (IMO and UNEP,
2009; Kirby and Law, 2010; Kirby et al.,

2018; Kirby, Gioia, Law, 2014; Neuparth et
al.,. 2012).
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quality of data acquired during the emer-
gency phase is important and especially
useful for understanding the behaviour of
substances involved and their final fate in
the marine environment. This allows the
biota most involved (seafloor, shoreline,
water column ecosystems) to be identified
and investigations to focus on these. For
this reason, field activities must be prece-
ded by a detailed post-spill monitoring
plan.

Monitoring is usually carried out by com-
paring data obtained with baseline data,
when available, or with data measured at a
reference site, chosen with environmental
and morphological characteristics similar



to those of the affected area but certainly
not affected by spilled pollutants.

Choosing a reference site is a challenging
process due to the difficulties in identifying
an area with characteristics very similar to
those of impacted one, where there are no
other possible impacts that alter its charac-
teristics. Statistical comparison of results
obtained in terms of chemical, biological,
ecotoxicological and ecological status
analyses leads to an understanding of the
extent of negative effects on the affected
area.

The monitoring strategy must prioritise
surveys on matrices that are representa-
tive of the environment that is intended
to be assessed. For this reason, analyses
of marine sediments are a priority with
respect to water and air, which will move
on, driven by sea currents and winds. The
choice of organisms to be sampled must
also take the same approach: sampling of
specimens that live in close contact with
the bottom (sedentary species with a small
home range) compared to species that
have more erratic behaviour (e.g. pelagic

fish).

Post-spill monitoring uses a multidiscipli-
nary approach to acquire evidence; com-
mon elements monitored to assess impact
could include ecological community struc-
ture (abundance, diversity, etc.), sub-lethal
biomarkers of effect in a range of species
(e.g. enzyme levels, reproductive and
behavioural parameters), contamination
and/or tainting in commercial species,
ecotoxicological assessments of contami-
nated water/sediment and recovery and
recruitment measurements in the affected
area. Indicators for ecological and chemi-
cal status are currently being developed
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as part of the European Water and Marine
Strategy Framework Directives and it
would also make sense for those conduc-
ting post-incident impact assessments to
take account of them.

The investigations that could be taken into

consideration during post-spill monitoring

include:

e chemical analysis of samples, mainly
sediment and possibly air and water;

e biological assays on sediment and
water samples;

® ecotoxicology of specimens of seden-
tary marine organisms;

e assessment of the ecological status of
characteristic populations of the area.

Equipment useful for sampling sediment,
water and biota is reported in the fact sheet
» 6.2 Environmental restoration and reco-

very

Chemical analyses

As previously mentioned, chemical ana-
lyses are mainly conducted on sedi-
ments which represent the sector of the
marine environment indicating long-
term pollution. Investigations that can
be conducted are both generic and spe-
cific to the pollutants involved: particle
size, pH and Eh, Total Organic Carbon
(TOCQ), concentrations of pollutant(s) and
their degradation products.
Granulometry (particle size) is an impor-
tant value to know, because smaller par-
ticles are more able to "retain" pollutants,
therefore fine-grain sediment is a better
matrix in which to search for the presence
of spilled substances.

Total Organic Carbon indicates the quan-
tity of the organic component capable of
"retaining" lipophilic and hydrophobic
pollutants.



As an alternative to sediment and water
analyses, the latest scientific research sug-
gests the use of passive sampler devices,
capsule-shaped instruments to be placed
in the sea, containing a resin, specific to
each category of substance, capable of
concentrating pollutants present in the
water column or in sediment.

Biological assays
A biological assay (or bioassay) is an ana-
lytical method to determine the concen-
tration or potency of a substance by its
effect on living animals (in vivo) or tissue/
cell culture systems (in vitro) (Cunha et
al., 2017). In practical terms, the water or
sediment sample is placed in contact with
living marine organisms or with cells or tis-
sues and specific variations are observed
such as: the presence of the contaminant
in the tissues; alteration of enzymatic acti-
vity, change in mortality rate, change in
larval development, etc. Comparison with
results obtained with similar samples taken
in the reference area provides indications
of effects related to the presence of pollu-
tant(s).

Also in this case, use of sediment matrix or

the so-called interstitial water (water that

is between sediment grains) is preferable.

For the purposes of example only, some

examples of possible bioassays are:

* a set of three biological tests conduc-
ted on sediment as it is or on the
interstitial water by means of species
representing three trophic levels:
Vibrio fischeri bacterium (Microtox®)
(variation of bioluminescence); alga
Dunaliella tertiolecta (its develop-
ment); crustacean Tigriopus fulvus (its
larval development). The application
of a set of tests provides an indication
of the existence of acute pollution at
different levels of the food web.
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* spermiotoxicity and larval develop-
ment test on specimens of Paracentro-
tus lividus (sea urchin). The test is per-
formed on the interstitial water and
also in this case it provides an indica-
tion of the existence of acute pollution.

e Bioaccumulation on annelid Hediste
diversicolor; the test is carried out by
placing specimens of the worm in the
sediment for about 10, 15 days. The
results provide an indication of the
accumulation of chemicals.

Ecotoxicology

Many analyses conducted with bioassays
can be applied to specimens of marine
organisms taken from the affected and
reference areas. In this case, researchers
are applying ecotoxicology. As mentioned
above, the use of sedentary species is
important because their health status can
be an indicator of the state of the envi-
ronment studied. Examples of sedentary
organisms: fish such as rockfish, scorpion
fish, conger eel or moray eel; sea urchin,
mussels.

Below are some examples of ecotoxicolo-

gical analyses:

® bioaccumulation of pollutant and its
degradation products in target tissues;

e analysis of cellular damage, such as:
lysosomal stability; lipid peroxidation;
typical biomarkers of detoxification
and oxidative stress processes (enzy-
matic alterations); histopathology;

e spermiotoxicity and larval develop-
ment;

e Health Assessment Index (HAI),
macroscopic evaluation of the state of
the sampled organisms and their inter-
nal tissues.
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Assessment of impacted area'’s
ecological status

Finally, it is possible to evaluate effects at
ecosystem level by carrying out an assess-
ment of the ecological status of some cha-
racteristic biocoenoses (living communi-
ties) present in the area. Some characte-
ristic parameters of each biocoenosis are
analysed, which are based above all on
the abundance and diversity of species,
whose values are used to establish specific
indices that help to define the ecological
status which is usually expressed with qua-
litative evaluations such as: high, good,
sufficient, insufficient, poor.

Assessment of the ecological status can be
conducted on the water column, on typical
populations of the seabed or on the shore.

6.3 Incident review

Every crisis management and incident res-
ponse, independently of its size or nature,
will be exposed to scrutiny. Such scrutiny
can be helpfulto learn lessons from past
incidents and to improve the response for
future operations.

The main objectives of incident review are

to:

e draw lessons that are primarily of
benefit to local stakeholders;

e keep track of events;

e identify avenues for progress;

* strengthening communication and
co-ordination between different
stakeholders during the response

For this purpose, the incident review can
be substantiated through the following
items, depending on the size of the inci-
dent: statistics, briefing note/report or
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In the Mediterranean Sea, for example, the
ecological status of coastal areas can be
assessed by evaluating the status of the
populations of Posidonia oceanica, an
endemic phanerogam (typical of the Medi-
terranean basin) which forms meadows at
depths between 5 and 50 metres. At the
international level, several specific indices
have been defined for these meadows that
are used to provide a judgment of its eco-
logical status (high, good, sufficient, insuf-
ficient, poor). If a Posidonia meadow has
been damaged by an HNS spill, once the
source of damage has been eliminated, it
is possible to evaluate its ecological status,
compare it with that of the reference area
and evaluate over time when its natural
recovery is complete. > 6.2 Environmental
restoration and recovery

even description and analysis of events for
better understanding.

Most of all, incident reviews as well as les-
sons learned must be used to raise awar-
eness and to update the contingency plan
(Chapter 4). The guidelines or policy to
conduct incident review should be written,
or at least referred to, in it. Among other
relevant information, the triggering criteria
for conducting, or not conducting, an inci-
dent review should be included. The cri-
teria can be based on the level of current
affair disruption, the learning potential and
the main evolution of the response and/or
crisis management.

Incident review is a two-step process, com-
posed of an informal evaluation followed
by a formal review, both described in the
following table:



Type of

evaluation Informal evaluation Formal review
When should Immediately after an incident when No later than a few months after the end of
it be held? emergency personnel and units are still the incident.

on the scene (hot wash up).

What should  All aspects of spill management should be covered (techniques, decision-making
be assessed?  process, internal/external communication, etc.).

- For small incidents: how well specific - Detailed analysis and review of large-
tactics worked and what changes might  scale and other complex or tactically
induce better results. challenging operations.

- Every aspect of the incident is carefully
reviewed (including compliance with
standard operating procedures (SOPs))
and analysed to identify root causes for

problems.
Who should Tactical and response team who conduc- - Representative/head of responders,
be involved?  ted the response on scene and withinthe ~ Government /contractors/head of
crisis management team. departments/NGOs/shipowners.

Some contributions might be preferred

A dedicated trained member of the indirectly (e.g. for shipowners).

crisis management team will gather all
information and feelings about how the
incident was managed.

How should it  In all cases a project manager should be appointed to conduct the incident review and
be assessed?  keep this responsibility up until the delivery of the final incident report.

- Depending on the incident this can be - Detailed questionnaire specific to the
done orally or possibly through a short incident
questionnaire.
- Gather all impressions and facts, - Sufficient time is allocated to go into
reducing the risks of forgetting, specific details of the response,
Advantages - Actions taken are still fresh in people’s - Possibility to make recommendations or
minds changes to the SOPs in the contingency
plan
Limitations - Ensure that informal evaluation will not - Not all incidents have the same level of
publicly embarrass those responsible importance or frequency. For this reason
for any mistakes, the level of evaluation for incident review

- Possibly, lack of time allocated to e N

complete the review.

Table 9: Main characteristics of informal evaluation and formal review to establish incident reviews

The project manager must have a reliable Everyone involved in the management of
structural organisation, communication the incident, regardless of their hierarchi-
and trained people. Performing incident cal level or status, should be involved in
review requires honest dialogue between the review.

all stakeholders (in charge, counterac-

tant, responders, etc.), and discussions to

favour disagreement over disrespect.
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The timeline to conduct an incident review
is summed up in the following figure:

incident review

Designation of trained
and experienced
project manager

Plenary meeting

Validation and dissemination

of the incident management report,
including After Action Report

Decision to implement

- Activation of Working Group
- Planning
- 1st Steering Committee

T+ T+

- 2nd Steering Committee

- Drafting of the incident
management report,
including After Action Report

T+

- 4

T+

© Cedre

Figure 38: Main steps to conduct the incident review process

Ideally, this process is led by a project
manager (usually the operations manager
and/or an external moderator), if possible
experienced in the field of incident mana-
gement. Their role is to:

* ensure proper feedback from the inci-
dent and the related documentary
monitoring;

® maintain a network of correspondents,
sources of feedback information;

e identify, according to the local context,
the structures that should participate or
would bring added value to the feed-
back;

* improve the procedures or channels
for collecting feedback;

e ensure training is provided to those in
charge of gathering feedback;

e choose a trained person to question
incident management personnel.
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The aim of the process is to produce a
management-approved action plan to
resolve the issues raised in the lessons
learned portion of the critique.

The After Action Report fulfils the needs of

the following critical functions:

e source of documentation for response
activities;

e identification of failures and successes
during emergency operations;

* analysis of the effectiveness of the par-
ticipating components;

e description and definition of lessons
learned;

e provision of a plan of action for imple-
menting prevention, improvements
and closing gaps;

® recommendations to be implemented
in the contingency plan.
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Case studies are of high importance as they can be useful for decision-makers to find
out which strategies, tactics or techniques were useful and efficient, and which ones
were not, for similar cases or in similar conditions. Some databases exist and are regu-
larly updated and the MIDSIS-TROCS tool also contains summarised information on past
incidents for many chemicals.

As examples, the following case studies are presented in this manual for different types
of transport or behaviour:

Type of transport/behaviour Name of incident
Bulk/Evaporator 7.1 Bow Eagle
Bulk/Dissolver 7.2 Ece

Bulk/Floater 7.3 Aleyna Mercan
Bulk/Sinker 7.4 Eurocargo Venezia
Packaged goods/- 7.5 MSC Flaminia
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